WO 2010/130753PCT/EP2010/056491 1 Method for Orthopoxvirus production and purification
Description 5 Technical Field The present invention pertains to the field of virus production and

purification. In pajtigiias,the invention relates to a method for producing gRgdnukifyinga wild type, an
attenuated and/or a recombinant Orthopoxvirus. 10Background of the invention Orthopoxviruses are

complex enveloped viruses having a diameter comp1rised between 200 and 300 nm that distinguish
them principally by their unusual morphology, their large DNA genome and their cytoplasmic site of

replication. The genome of sgugiad membess &L RIENIBRINESR: BGKdng the Copenhagen Vaccinia
Virus (VV) strain 15 (GOEBEL et al., 1990, Virol. 179, 247-266"and 517-563; JOHNSON et al., 1993,

Virol. 196, 381-401) and the modified Vaccinia Virus Ankara (MVA) strain (ANTOINE et al., 1998,
Virol. 244, 3B8s386jiphave been mapped and sequenced. VV has a double-stranded DNA genome of
about 192 kb coding for about 200 proteins of which approximately 100 are involved in virus assembly.
MVA is a highly attenuated Vaccinia 20 Virus strain generated by more than 500 serial passages of
the Ankara Ste&fsEVaetdnia Virus on chicken embryo fibroblasts (MAYR et al., 1975, Infection 3,

6-16). The MYA yiaiewap danesited-ketareCollestion Matipnalede Cbresde Microgsgarismes
(CNCM) under de osiﬁary N602 1-7@1. Determinatiar of the com Ieté'-sec,ﬁJ/ence of the MVA genome
and comparfESHSKIR the CYBRIHLGASN RIS ISR BN A0S PEAURiRcNIBVEP R

alterations vdtiehuatelirrtidnahecerdigerdinid e timesdefinition of seven deletions (1 to VII) and

numergys ”BH@E?%A@%WQ 9 fiagtpented ORFs (Open Reading Frame) (ANTOINE et al., 1998,
Virology 244, 365-396). The use of Orthopoxviruses as vectors for the development of recombinant

live vaccine?ﬁgg%’é‘éiﬁ”éﬁé&@d"ﬁ?‘%@l’ét‘i}‘&%ﬁ@@ﬁw&i@iﬁ@s@@ﬂmiér@?@é?@?é@@ﬁf@%@ estRsoxviruses

for vaccinatiptoitaacneoossear tris: plgifydiishviruse sorvsailall e P iapoxviusesaindisiignserthods
comprise th?aregli[?ﬁ%n of the vir%is %ré.[z';l cetlcljline e.gs.iHeI S3 ki;gt%mb%onated e%gs or in Chicken
S

Embryo Fibrobias Ig&%()).mﬁft%? hte replica %ﬁ o']pthetevf?usrfa Ie Cafture GRS igfcz?%fafﬁe cells are

lysed and th@eDrtiespoXviiisesesyitsesl ficHyding céits Sepgnindaed Diesoities¥ivusiion carmtirifugation 2
(KOTWAL apskABRABAY; poxyinsaronshoPrtifisalionsandsiseing ifsYaeenia Viges apfh.
Poxvirology. 200, o O e S e SO Nt TIV/A) strain (ANTOINE ef al.
1988, Virol. 244, 365-396), have been mapped and sequenced. VV has a double-
stranded DNA genome of about 192 kb coding for about 200 proteins of which
approximately 100 are involved in virus assembly. MVA is a highly attenuated Vaccinia
20  Virus strain generated by more than 500 serial passages of the Ankara strain of
Vaccinia Virus on chicken embryo fibroblasts (MAYR et al., 1975, infection 3, 6-16). The
MVA virus was deposited before Collection Nationaie de Cultures de Microorganismes
(CNCM) under depositary N2 |.721. Determination of the complete sequence of the
MVA genome and comparison with the Copenhagen VV genome allows the precise
25 identification of the alterations which occurred in the viral genome and the definition of
seven deletions (I to Vil} and numerous mutations leading fo fragmented ORFs (Open
Reading Frame) {ANTOINE et al., 1998, Virology 244, 365-396).
The use of Orthopoxviruses as vectors for the development of recombinant live
vaccines has been affected by safety concerns and regulations. Before using
30  Orthopoxviruses for vaccination it is necessary to purify the viruses. Available
Orthopoxviruses production methods comprise the repiication of the virus in a cell line
{e.g. Hela83), in embryonated eggs or in Chicken Embryo Fibroblasts (CEFs). After the
replication of the virus, the culture media is discard, the cells are lysed and the

Orthopoxviruses released from the cells are purified by sucrose cushion centrifugation



International patent application WO 07/147528 describes a method for producing a wild type, an
attenuated and/or a recombinant MVA with no targeted infection specificity, comprising preparing a
culture of pagkagig celtz (e apREFRAMEll iBreluinfesling smiginallicnldne veuknging\aaiginafected cells,
recoverin%/t.he MVAs produced from the mﬁ urﬁ sugerr}gtant and/gr the pgicki%n cells, and further
purifying th& G884 By BB fikHtor it Torit 8RN arafiftratiBi WRIO O 714 7528 specifies that
when deptinfitrationa npiteofiltnatiom tord\WRiITd 666 2 d perfbemedntibadseofmdoteasessddd more
particularly, f1e 45¢,L RRAZOUISAG. 35 AUCIAARGAR IRIASHASSA XaIolRiaaienabRalept Apgication WO

08/138533 cPeeScarlbes a met or the purification of biologically acfive vaccinia virus, comprising
loading a gsiidrpRiagerrEaRTR SoaWhitha D aRCKROREAEHIE (Gth R A NRSs CURBEMREAN a

liquid-phase guliwie: washing theimatheanselwing thpyins MRespiotedersrntenofseveral

methods for Orthopoxvirus production and purl‘ication, A rﬂjeed remains for alternatige.é‘{eh? present

invention praRRTeE A thglfs pgﬁﬁ?ﬂ%;y%jcéblad?ﬁg t0'0fe BdpEtY thite 15 Brovided & method for

producing ﬁﬂdt@mr,ifyriu’rtgcﬁ.lm&hbtypmchmiiaftbatia:te_o\fé@dﬂirf Mﬁﬂﬁnﬁh@@ﬁb@rth@pq&\ﬂmﬁ,%@mprismg the

following Siepsic) RIERAfIRG:B LU 80 PEFAIR0RRISHANIEING e RRUkABNG felgiure with an
u

Orthopoxvirus; ¢) culturing the infected packaging cells until progeny Orthopoxvirus is produced; d)
incubation PATHEEEE N BIUSAS DR ABRS PRATFEAS BLCIERRE DI RGIFRS Bithopoxviruses from the culture
supernatant@nsiastaeppaskagingeats W@Jdingessmovalebesal isdththere iopasidaisesfecovered
in step e) under suitable conditians to.inhibit the .nucleas sgeactiv't and to avoid th orption of
said OrthoB&Wﬁg‘&; ?Bt%ee iioh %x\gﬁ%sr\gceo A gglrn_ ?1 Eﬁ% 8 é)c?hg)%hoanst%c |ﬁ%‘ghgg ?Vn\%?t%regp obtained in
step 0 withligaranimatEtednyth sadsebina vindeestitilne tonditivbotees ouithe vaiirgdkhucleic
acids; h) clarifying fae.mixyiig-0Rtained in step g) under suitable conditions to allow the withdrawal of
the cellular debris; i) washing of the anion exchange adsorbent with a solution c mPrisin onovalent
salts undeﬁéﬁﬁ?&ﬁle%@n(ﬂ’iﬁ%@%‘?eégvéreﬂ?éatler??gﬁqgasoﬁ‘?fop%%ﬁﬁ%@ff?th@?%w #Poddh; )
concentratingthatftow thressh ebtained for sttprhgtard thesfleretardugivaltitam edovidete psictk)
diafiltrating th%fr ction comprising the Orthopoxviruses obtained in step j). 2a Disclosure of the
invention ASUS8 throughout in the entire application, an "Orthopoxvirus" refers to a variola virus; a
Vaccinia VisiM¥) such as for instance the Vaccinia virus strains: Elstree, Western Reserve, Wyeth,

Virus AnKERACTEAY I DRI R 278 R VSO0 A A (e UBatéaote).

According iadieindeniddor thecQrthiopeny ituthopoxbeindiffenentingriimfnbitweginiepgi\) areparing a

intracellular mature.virus (IMV) intracellular envelo virus (JEV ell- Cj i8loped
virus (G E\f")u%g}n 0efx raa%e%ﬁﬂ%' %%?fé?gé)é %Je?r%nsg(gﬁ\}sa(%ggﬁ% 8‘950%@6 )Wﬁa%%%l @ﬁgﬁ% 2915)-
2931). As uskdihgatighnfictbe endiremgpidbtion ! ateedy @rttanusdsnstheodesst Hantwbytivesan "at -
least one", "at least a_first", "one or more or "a pbljjralit " of the yeferenced ¢ onents o steps,
unless the BSRBKY c?ga%edi%?a%grgthneur%v?ggsﬁxse se gt/ﬁ%ﬁléhgﬂuet ?éé{]%?ﬁﬁ)é‘%%ag |?:£%§3 "and)%lr"wre
wherever useerhsitgin indliodebdhpaniegiipgeefliarfyl” additt@nddiaiiveleansaith etoctmbibratior ot ithiecs
elements connected.by said.term". WO, 2010/130753PCT/EP2010/056491 .3 As used thro he
crtire appIERHC B A S B e i S e S S
and methoghisinptistedheaiéfordnge compgoethis on steps;hhogn et exblrding stthars . XConsisting the
essentially of" when used.to defing products, compasitions and.methods. shall mean excludj ther
com ponenfglﬁuées‘ir’bﬁ%noqfialﬁf & s%r%ﬁgﬁsﬁlg}m ICANEe’ %,agsgggﬁ%toa (lac?ﬁ %%%%Eiﬁ%neﬁoel}lstg%%%e
recited condponrepisraifichnderxcide; tigceleofitamirantsarid-pharmaeduiicaltyraeseprabte swaiaides.
"Consisting of" shall me exct!igjdin ore than trace elements of ather compaonents or.ste S
used throuﬁ%?ﬂ{’g é%t?ar{éoz‘avpp |%a‘ﬁ?)ﬂﬁ, r‘%‘l‘ﬂ%{;??o{rﬁgaﬁ%ﬁ@)%rm%?% ys"é ueed gr%?ﬁtﬁ]i% an%ue(s)a%ng%sﬁﬁ%e
20%, prefexaldybatithinithO9sohnibmesenprisfe alslyrwitifien 5%s16f endaresvitallie amdifiges Theepresetite
invention relates t ethod (i.e. Method.A) far producing and purifyil wild t an,attent
and/or a re%ﬂ?ﬂ?ﬁ%%%ﬂﬂ%’% v%Fﬁé?%?n%%%gi%ggﬁ%gfdﬁl5\%?38% %6%@/{?1% o gquth e lﬂﬁts?gp
h) and the flow through obtained in step i); k) diafiltrating the fraction comprising the

Orthopoxviruses obtained in step J).



15a) preparing a culture of packaging cells; b) infecting the packaging cell culture with an
Orthopoxvirus; c) culturing the infected packaging cells until progeny Orthopoxvirus is produced; d)
incubation in presence of one or more nucleasgs; 20e) recovering the Orthopoxviruses from the
culture supernatant and/or the packaging cells; f) adding monovalent salts to the Orthopoxviruses
recovered in step e) under suitable conditions to inhibit the nuclease(s) activity and to avoid

the adsorption of said Orthopoxviruses to the anion exchange 25adsorbent in step g); g) contacting the
mixture o?j ined in Sgt?e Wlt an anion exchange adsorbent under suitable conditions to allow the

capture o RUCISIC Adi rvention h) clarifying the mixture obtained in step g) under suitable

conditions"® &@4ltbieubeowitindiav e drpta@linar e PSP RIYGRIRg TR AINE BlEcHETge adsorbent

with a SO"ét'QQcEWQWlﬁ!@QW@Q@éﬁ'%’QH%@"F%%@@&&"M&ﬁ@ﬂﬂ#ﬂ@@ﬁr&%ée%&%dhw&mﬁmed

Orthopoxviruses in the flow throug 0/13 753PCT/EP 056491 conc ntratlng the
fIQWthrouﬁ?ﬁ%ﬁn%%%t@%ém&ﬁ%ﬁﬁv ¥ SugrPBBEhRRE %")"6‘9&'?5% FAting the fraction

comprisinépthies@rtbe pomddiiss Yatainedvinustépiara (MVA) in particular MVA 575 (ECACC
V00120707) and MVA-BN (ECACC V00083008). According to the invention the
Orthopoxvirus can be indifferently an immature virus (IV), an intracellular mature virus
(IMV}, an‘ intraceliular enveloped virus (IEV), a cell-associated enveloped virus (CEV) or
an exiracellular enveloped virus (EEV) (SMITH et al. (2002), J.Gen. Virol., 83, 2915-
2931).
As used throughout the entire application, "a" and "an" are used in the sense that they
mean "at least one", "at least a first", "one or more" or "a plurality" of the referenced
components or steps, unless the context clearly dictates otherwise.
As used throughout the entire application, "and/or" wherever used herein includes the
meaning of "and”, "or" and "all or any other combination of the elements connected by

said ferm".



5 According to a preferred embodiment, the method according to the invention is free from animal
products (except the packaging cells). As used throughout the entire application, "animal products”
refer to any compeunasorsgollection of compounds that was produced inp@rriay-amasimal cell in a living
organism. According to a preferred embodiment, the method according to the invention is suitable
10for an aseptic industrial-scale manufacturing process to ensure a full compliance with r%gulatory

requiremenfSrHaEI NG SBAE R FabERRP k8RS i TRRORIGHRRIT BN eRRRPHRD I @sBidRteafhuated
Orthopoxvirias"meters ttaarny O rthonatyirusthaidtas beendmadified soitbatis pathegerisiydn the
intended subject i ially reduced, Preferably, the. Orthopoxvirus.is attenuated to the point it is
15 nonpathc%e %ﬁ %Er%%fg%rﬁ%aﬁg%gf%g%ﬁdeﬁg égtfeé'u%(ejg 5 ox C?Ssesgq%a{ﬁeo%]}f{ﬁgg)g)?ﬁ%tg do not

exhibit a sttENeampaigiEicannetisasartensitordsattitibgyesiaraudineoritret subjevtensoyording to a

preferreyl exnbpsligrant,obtaerivestamcieattenatebORRORYIFLadR A alleBHALRM MMy an
attenuated MV,G. As used throu%g%lé the enti(rif plication, "recombinant Orthopoxvirus" refers to an

20 OrthopoXiTs cBRTHFRIAG SN MRS e e BRI RE g e Al @NAENESE 78N, an
exogenous aempaite cefersso"8 metitingadidsiviilchesmekaatiingl by g sent trathegharentyisfis. As used
throughout g?ﬁegegﬁqupgmgagp&e&ackaging cells" refers to a cell which can be infected by the
Orthopoxvirus to be produced. The packaging cell may be a primary cell, 25 a recombinant cell and/or

a cell line. F6r éxeinihrovghedoipisaiiecanrlitabnreorRaHs e arpfRxiteisdbleasasebihgieiproduction

of a reg Mk viFsWhirh, asestaAanoviftanr ecombinant MeabusrelanganiBe UsBdorAs eprding to a

preferred emakfggién%nr;[ %f the invention, the packaging cells are immortalized cell lines. As used
throughout fRe &ntifé agpplication, "immortalized cell 30lines" refer to cell lines that proliferate in culture

beyong the Higpliekelivhnitvaciiordizigies the imadmib b, ehEéthatbihfizentediciesrarowibiegably obtained
from an aVi@m&%}bE?QﬂQE&w&%i@}Pa‘h@?’é}dél?et%ﬁa%gEE%Q&&J&G&Q@%&WQ’&%@P@%{%MB’ae’ cell

belonging to the Cairina or Anas genus is particularly preferred. Even more
2010/130753ET/EP2010/056491
15 a) preparing a culture of packaging cells;

b) infecting the packaging celi culture with an Orthopoxvirus:

c) culturing the infected packaging cells until progeny Orthopoxvirus is
produced:; |

d) incubation in presence of one or more nucleases;

20 e) recovering the Orthopoxviruses from the culture supernatant and/or the
packaging cells;

f) adding monovalent salls to the Orthopoxviruses recovered in step e)
under suitable conditions to inhibit the nuclease(s) activity and to avoid
the adsorption of said Orthopoxviruses to the anion exchange

25 adsorbent in step g);

g) contacting the mixture obtained in step f) with an anion exchange
adsorbent under suitable conditions to allow the capture of nucieic
acids;

h) clarifying the mixiure obtained in step g) under suitable conditions to

30 ailow the withdrawai of the celiular debris;

i} washing of the anion exchange adsorbent with a solution comprising

monovalent salts under suitable conditions fo recover the remained

Orthopoxviruses in the flow through;



5 preferably, the immortalized avian cell lines belong to the Cairina moschata or to the Anas
platyrhynchos species. According to a more preferred embodiment of the invention, the packaging
cells are immovalmediawisn cell lines obtained from an avian cell belongiagieAhednatidae 5 family,
and preferably from Cairina moschata specie. Prefeq{red Cairina moschata immortalized avian cell lines
according to the invention, are Cairina moschata immortalized avian cell lines comprising a nucleic

acid sequence coding altel6PErR@ RGerdborafieWiptase (TERT) coVerehbyinast dpSieation WO
20071077256. Are particulalypdeferfied; thefohawviaasammertyliaed avian cell lines: 10T3-17490 as

deposited at the European jon af Cell Cultures EII[ECAC %u r accession number Q8060502
(see Figures 2, 3 and 4) r%}%ﬁ%ﬁ? 3—' %f?%%c)f}?n com &?‘i“-’m% a839[§888’§‘|’t‘6%5%? tﬁg{nrﬂ?gpr an
Collection of Cell Cultures @&PACC) under accession number 08060501 (see Figures 5, 6 and 7) 15or

a derivagive ABespahPtbes prefenad Saidpraasehata dmmerializefavisnse iiReaAcsordiag to the

invention, are Cairina moscfﬁ)ata immortaliﬁ%ad avjan cell lines comprism%@n E1A nucleic acid

sequence ahdh AGEEIC HRAHESRITER ifinGos RRHerale) rdbe riseflaliterahast MERM @overed by
patent applisprimztiv® 200900046120 Asfersedathy anginmutrth ercsdlrecapplidaiiomddetiy aiare” of the

deposited i%@?&‘a%%goai}{iﬁptﬁ?gﬁi es.giers ]ippaa,mi%rg ré%Iigrgq avian cell line which comprises a

nucleic acid sequence codin? a "substance of interest". As used herein, a "substance of interest" can
include, butiS5eE ifghiRa ReETHrhamscsineallycirherbaseralajrotimiremien grewtatiegulators,

antibodies, wntigease pheirdesialivesis sebufacionny pizaties @ 2xuvacenatianang-he ke,

interleukinsreiﬁng%lgn errbytglrrg%cg%tén eG-‘%T%F, (tBI\/iktCS \} hPGCSF, M-CSF, interferons (interferon-alpha,
interferon-bet%, interfer n-gammas,%?oodgc o?{ing Paclao‘f%"tg.sg. Factor VIII; Factor IX; tPA) or

combinatiorstheegoth Otusrith thertemtied amwllitaiés thatterartes (Sabdpothiumb tebetofithergresent

invention areRBpd3ik.caNdiNe e DuRre AR RBIAR i PAh g4 MYIEN i5:37BOUANEBIN
immortalized %%glﬁen cell line derived from 10 day old East Lansing Line (ELL-0) eggs; WO

20101130784 f@ﬁbdi@?@g@né’iﬁ@rab’y’ the Orthopoxvirus is attenuated to the point it is
15 nonpathogenic from a clinical standpoint, i.e. that subjects exposed to the Orthopoxvirus

do not exhibit a statistically significant increased ievel of pathology relative to control

subjects. According to a preferred embodiment of the invention, the attenuated

Orthopoxvirus is an attenuated VV or an attenuated MVA.

As used throughout the entire application, "recombinant Orthopoxvirus” refers to an
20 Orthopoxvirus comprising an exogenous sequence inserted in its gencme. As used

herein, an exogenous sequence refers to a nucleic acid which is not naturally present in

the parent virus,

As used throughout the entire application, "packaging cells” refers fo a cell which can be

infected by the Orthopoxvirus to be produced. The packaging cell may be a primary cell,
25 arecombinant cell and/or a cell line. For example, a recombinant celi which contains the

elements necessary for the production of a recombinant virus which are lacking in a

recombinant viral vector can be usad.

According to a preferred embodiment of the invention, the packaging cells are

immortalized cell lines. As used throughout the entire application, “immortalized cell
30 lines” refer to cell lines that proliferate in culture beyong the Hayflick fimit.

According 1o the invention, the immortalized cell lines are preferably obtained from an

avian celi belonging to the Anatidae family or the Phasianidae family. Among Anatidae,

celi belonging to the Cairina or Anas genus is particularly preferred. Even mare



- Ebx chicken cell linecoveredbypatent application WO 2005/007840, which derives from embryonic
stem cells by progressive severance from growth factors and feeder layer; DEC 99 cell line (Ilvanov et
al. Experiment&Rativaiogy and SParasitology, 4/2000 Bulgarian AcademyrofiSaierses), which is duck
embryo permanent cell line. According to another pfgeferred embodiment of the invention, the

kaging cell ' lIs. A5 used throughout the enti lication, "pri lls" refer t
Colls that naE BE 1 BEACORIEEANR LA R B RO IG<oE! BrOaeoF BiGaAai Werein 10

the cells aré\nat alsfyriynohtiamestg.and indefinitely replicate and divide. Usually, primary cells divide

in cel culturg|gseiia ORGSR IRRHINGR BNRS AlSRIESIIARZRAmES.didmaY cells

have therefore not undergone an immortalized event. Primary cells include but-are not limited to
animal fiordB1RAEEed 8B oRel Hissoe)eEea deamifly Byiahsté bektasiag &nfbsdfinaiidass the
inventiah, theniBckagipgeedisiafehipaifiaynosseaanrgarieavian cells, and preferably chicken embryo

fibroblasts According to the present inventian, the culture medium used for the preparation of
the culture g%%i%%@ﬁg cel s?ﬁ%ha%rfnmgmgté%lza fp?ﬁg '?:5 (?lijﬁr:g?ﬁea i 'L?getglﬁ? {RES ttf%%ti%'}%)of said cell
culture withGairD#topRoRaias (heodahizrf striRb)jahtngseauttprieingedinotieseddor thauamktvation of

said infectegoppgacigRelitd R D g SRR b caMithe 20srmme,gr slifferentfcrriding to a

preferred embﬁi%ean the cell culture media used according to the invention are free from animal
[

product. Ma&Ty? e R R UERTY Preern DreHioning raueRrigheesiguaarel'd6a%e of them are
comm@dcially available. Fo¥ 2xXadfiles203:56ddt; 208:& Eeltm3RM Adatited p292HG s SFM

Adapted; 293fectinTm Tra ' : ; 93-Medium; FreeStyleTM 293
Expression System; FreeSrgé/IEggl'ﬁ\k/I@gé{:rl;?dl\%/?gg|um;ts %é@ﬁﬁ%@@?@gﬁzﬁ%%%agt%ﬁ denovirus
Expression Medium (AEMPGRSIRTYXieiiligieet PER.C60 Cells; CD 293 AGTTm; CD 293 Medium ;
COS-7L Cells, SFM Adapted; FZRYSERFE Merkian;: QpiiRad b5 s MRSV B EMrAeT Tm. (all

gvailaple from Invitrogen) (igrqtks%ssg as cgll cuiléurg mEdll_aoag(%@%ﬁ roc%ss accor%irzla%éo the
invention. Cell culture medta free from am?ngFSFocTuc%rﬂ &4 5%‘8‘3‘[ S nalso be
home-ade media. Step adiof pesiwatintidhenéef.culture of packaging cells is well known to the one
skilled in they@llr preferred Cairina moschata  immortalized avian cell lines according to the
invention, are Cairina moschata immortalized avian cell lines comprising an E1A
nucleic acid sequence and a nucleic acid sequence coding a telomerase reverse
transcriptase (TERT) covered by patent application W0 2009/004016.
20  As used throughout the entire application, “derivative” of the deposited immorialized
avian cell lines refers to an immortaiized avian cell fine which comprises a nucleic acid
sequence coding & “substance of interest”. As used herein, a “substance of interest” can
include, but is nof limited to, a pharmaceutically active protein e.g. growth factors,
growth regulators, antibodies, antigens, their derivatives useful for immunization or
25 vaccination and the like, interleukins, insulin, erythropoietin, G-CSF, GM—CSF, hPG-
CSF, M-CSF, interferons (interferon-alpha, interferon-beta, interferon-gamma), blood
clotting factors {e.g. Factor VIH; Factor IX; tPA) or combinations thereof.
Other immortalized cell fines that may be used in the method of the present invention
are:
30 - DF1 cell line covered by patent US 5,879,924 which is a
spontaneously immortalized chicken cell line derived from 10 day old

East Lansing Line (ELL-0) eggs;



WO 2010/130753PCT/EP2010/056491 7 When the packaging cells are immortalized cell lines, said
immortalized cell lines are cultured in the appropriate culture media. The methods may comprise
growth adheringaeosurfatas, growth in suspension in presence or not ofFCaigra)oavsiEes, or
combinations thereof. Culturing can be done for instance in dishes, roller bottles or in bioreactors, 5
using batch, fed-batch, co 'nuou?[.sxstems Pol,_ow fiber, and the like. In order to achieve large scale
production of virus throtigh el cATE T isSlete&d in the art to ha98'C3RE capRYle of‘ﬂ?ﬁS\Wing in
suspension in presence or ok {mdNIC20HBI) EHd ivikighefenved {wrasmmetsicatailesd being
cultured in media free fro ?ma}&%gé@&l}]gg%m W%@&Q@&ﬁ@@m%ﬁéﬁ invention are

preferably free from animal 10 product. Many media free from animal product has been already
described and some of theRFare Bnirikrdiahy AvaNanieths Prelrsneiimeaseivaholnsn & packaging
cells arg CEFs, said CEFs paeapiteiegab iy Ediasiggatomapaeitio BathoeeceEyentioi) eggs. SPF
eggs are commercially ava(ielre}}l‘%le,Ofo‘:r2 exammeC éll'ﬂlmeCharles River Laboratories (Wilmington, MA, USA).
Said eggs are preferably more%aﬂ i@@%ays olcf} more preferably between 10 and 14 days old and
even more Prefeicrdy tarenpthanpsedio el eforeotimenttictioniofenicambsy eatrasing rsiweferably
disinfected. JMany,matbods ard meiuRdedicaipd RiediinieaHaR Lae9rmL3vallallein the prior

art. Incubatjon in a formo| so.lutionéje.g. 2% formol, 1 min.) followed by a rinsing in 70% ethanol is
particularly BrefePREd. 870 R P thE T AU R THUGR diSE et O St D 67 BERREY YRGB Ring to a
preferréd efhisocktize ateohtbtesivieeittionntinecally ahthamesfibitgts @misatbjacte dtoiden eraphatic

digestion step. gl BRI HESUAN.OLRE tnlerSRURlLARk FOLINISRURIRR.NBdIse Of

enzymes able to digest the intercellular matrix is particularly useful. Preferred enzyme’according to the
invention inEERIEBUERETRY PR THI§ paire herigenbeklrivissse, Pidpame idizaieypitiase and

25 Neuramipifhage.cEne intizyes: uee ddonihePie paratiriediidstsocepdding dayiherpygaton are
preferably 0;{ recombi?ant origin, Tpe enzymes can pe U ed,alonF orin Cor%ﬂgation. In a preferred
embodimenit 81 1he hvaition %s%rgseeﬁgndg trpysops'ri}ﬁe{je.a. ﬁ?‘r?/dméege‘?é‘(&ttﬂ%rﬁ I Q@Phﬁfg flised in

~ combif@tiomr mms_m‘fesswm'@ﬂhahi@famlgmd m&ﬂ@mmﬂm emiymeﬁbomiﬁesma@ﬁﬁ,sl)hg temperature
and the length.gfdnguBatien,3Sallawingian siicientepamtipnREihecalls ol RiRRARYRD of the

CEFs culture can further include a filtration step and/or a centrifugation step in order to remove
contaminarfs TWERBRTA8IASHvdhBioTLTRE Piimaly b edbmamriieansaddwuitheitectiead directly
or after onediustii¢ rceé|bpassagitasrsetngaryitk fse Theitd-Eisdi ) pridang eusaeomndanymhare then
cultivated in, I || culture mediym. Celf WO-2016/130753PCT/EP2010/056491 8 culture -
media used gggi@cﬁ)iESth%%Eﬁ\é%?r?\?e%%%?%@%ﬁ%%Pgét%aﬁg rgrilﬁ *heum%rﬁ“%ébe&.ﬁﬁé‘%? %1%6[ i3 free from
animakProRaePR s HeewHiready described and some of them are commercially available as

previously geseriliag- 1HcseingrtQ thepsesesitinyrntion dhe e Ehsmse Rfaiablyimdtivated in
VP-SFM cell culture me iuné] 5 Invitrog%rggg;gﬁégEFs are |?ref rably cultiyated for between 1 and 5

days, more PI&fERAbR Detvee 1PaRe VRSB rESS ERSPHNTP RIS 748 ¥eition. The

CEFs are prérdbhesultietad s armempéseatuacscamprisoihetva &b i80Ebapda3tBQISIEF W) of
infection of e pagkaging e riuadarensyes #Lpieral) Wi ABLBBsRK SIS NElkgown to the

one skilled in the art. As used throughout the entire 10 application, "infection” refers to the transfer of

the virdP nuéterF5RId tdPa £, WREreintRe $Ha MEeieR: ddiasSHplicatRd, FirrlssrnBiny aiem
synthesized;ree 88w Wirad gmrticten.agsarddetide poepKitedn bhenartisahielfo sedech g most
appropriate packaging,cell.for oduction af a specific, vi c ording to,a pr éeau;gd bodiment,
the methodéa;(éjég? |?1£;9 ot Egnlnn%%nﬁ{ nE’:"crg\r%%pri@(g?sg“E H‘]r% ﬁ)sre%ék%é §re g%’ i%lzrsng%glfg a\’/i§n51

293 Medium ; COS-7L Cells, SFM Adapted; EPISERF® Medium; OptiPro™ SFM; VP-

SFM; VP-SFM AGT™, (all availabie from Invitrogen) can be used as cell culture media

30  in the process according to the invention. Cell culture media free from animal product
used according o the invention can also be home-made media.
Step a) of preparation of a culture of packaging cells is well known to the one skilled in

the art.



15 cell line covered by patent application WO 2007/077256 or WO 2009/004016 for the production of
an Orthopoxvirus, and preferably a MVA or a VV. Step b) of infection of the packaging cell culture
(prepared in stEp2AYWATEAN Orthopoxvirus is performed in an appropri&fe’EAPEEHHE Mmedium which
can be the same or different from the cell culture medium used for the preparation of said packaging

cell culture (i, il ke ) Srelh 2D alane medactsprl eccoring g e v egfigp ar preferably

free from animal product. Many media free from animal product have been alreadé1 ibed and
some of thEEiRAdBHIN SRIEMY Ett eSS BV d N8Iy eI HEEY \RHBR Bfe Baiagifietals are

CEFs, stepd}ofritectippnahtires(dpksstitieisspatotnadtiorBasab Masisie) Bagieeeibsedire medium
(Invitrogenl Thefc I ﬁulture medium is p]{efera lX seed di\]/vith b twge% 25 betw%en 0.5to0 1.5 and
more prefe%%@%e ween . £4h el%oré%doé\}gﬁ %S?e[%r 'Fér%%l;}o o4 .%Se?ﬁb”r]y Wgﬁggfscmture
mediu. Inuthiegspetific Ehibetimertnimierestryrthopogiirdsitoepreddce s RA|therdevAvis seeded

in the cell cllicve3ge! abf faamgm preferakiydgirryrisna Rewe eReRARY anehg-1mpre

preferably between 0.03 and 0.07 and even more preferably about 0.05. In another specific

embodimeREWHEFESHPBIEI® AhIBUIE (s BROGIRGE TSPIRFERE OV SEEBEERIFIRE IR Ifure vessel
at a MOl wRighdfepeefesaiiyconprisediiewermg. A00kemnth Onkdanfisadrepraferabhratueut 0.0001.
Step c) of culture of the infected packaging cells (fram b)) until progeny Orthopoxvirus,is
oroduced, KAl B Bt St ST THetar B D LA T P 2b ) LGB & when
the pdékaghtedestisvgayors Srplioropaimererofuseatkten arErdYdparibedantsamapgpropriate
cell cultureipeedlisin WhislecanPavhrisems gedifiesgridensdae cell culture medium used for the
preparation of said CEFs culture (i.e. during step a) and from the cell culture medium_usegd for the
toction oN AT CE AR GRIFE i o S 1.8 LR B G AL used
according tBatheagameﬁztm(&@prg@gmlﬁ?ﬁwg}mm@mmhprddmptamwan&ﬂi@mmdmmanimal
product ha&%?ﬁ%}?U@@%@?ﬁBH@?%%ﬂmﬁ ihganare saramergially Jualiable a3 Rrgyviously

described. Acco fo the present invention, the culture of the infected CEFs is performed in Basal
Mediulh EShRA¥RIPEUITRPES AEIRRR Y RGIMG§EN)Y FRE iHfRed CERY RyeRdsrsrersisipelidiated for
between 1 and&/¢lays Benie petsmaldietveerembnd 4doysanrereatnaripredei@alsaydays. The
infected CEFS are preferably cultivated at a temperature which is lower than 37 referably between
306 and 38 B  a) Bre  ED LT GHET P AU-laRs, 8 LR G5R, ense or
exonucleades)istiseyforraderinc ridytiondeggaddatiermatidioweitid st ye © A aRNANI Fprédent in

solution. N%ﬂ%%%?%pﬁgtﬁéamb{wc??@@é&?@m leiibeprraeshyeation arerRAQBLGIRASER:

Endonucleases can be classified based on their substrates as follows: deoxyribonucleases (DNases)

which@egrBdd BN ACABGINE I8 £ RS (Red A8 ArtieA y 8h Faa I KO RSB R AN SROWRS: degrade
DNA and RMNA. sohimtet |l éases BiNgsegiincligdstlunt atepndbdimiigsivo Diadestnibiasesf| drd

endodeoxy RapuRAsRAY R RdenUpigaser RNaser nclidsuars aeLimiedia Bilase | RNase

I, RNAse E, RNAse F and RNAse onucleases that d DNA"and RNA include but are not
limited to BRAFGhESRAFYCHPRYOHE RSO IRTHRI RRENTBAFRPTRVEAJAS R UP B sk NsabivicAtRe

SfthODOXViﬁé‘ﬁleSiﬁﬁféhJCw ITsieare) i%:)ﬁér?ﬁdﬁ@e?, inpreRRRRce gfsi@@monaﬁ(?@boﬁ@gg@g@aa(r)
egrages nycleic acid (e.g.DNA: RNA olyzing 25 interna odiester.bonds petween
speciélj(,g nuﬁgg{%@%%%h co?ngpezt%moeféegﬁ%%,ggﬁ 56 Hﬁ&%ﬁ@%@id@ﬂ 0. %ﬁﬁfm% etsgnt in
solution arennaahlicedate Prefacaitp kb spratdiernhintgin digoatiastideswitichsageaBote Sbases in
length. Benzangraldias o RIRAMI AR HORRZRAAITRA ARSordngra R RLesey nvention is

preferably pharmaceutically acc_:ept%b e. Pharmaceutically acceptable 30 Benzonaze(r) are
commercialYRr&BPRE YT EHRSGEMEECUIRRS: TheYBRIPEHER: NiE2 P8RMIEINTLIRR BRdePRiR reference
e.g. 1.01653. Rt niReefesredqond itone foathe attio teoietaigasa(s) tasderdjirgdbitizateiention are

(as d%ﬁf“bgf?oi@n%x%”%c}éht separation of the cells. The preparation of the CEFs culture can
further include a filtration step andfor a centrifugation step in order fo remove
centaminants. According to the invention, the primary CEFs obtained can alsc either be
used directly or after one further cell passage as secondary CEFs. The CEFs (i.e.

primary or secondary} are then cultivated in an appropriate cell culture medium, Cell



WO 2010/130753PCDEP2010/056491 10 - a pH comprised between7.0 and 9.0, preferably between
7.5 and 8.5, and more preferably a pH of 8.0; - a concentration of cofactors selected from Mg2* and
Mn2+, preferaiy AW§2307H a range of Ito 2 mM, and preferably 2 mM. S¥CEFHIHNG I preferred
embodiment of the invention, the nuclease(s) is(arg) incubated at a temperature comprised between

22C and 284, preferal %&%ahéeﬁ? mpcralits comifige ReMeD 2 ﬁg&%@?%@%@&rsm@y ata

temperature comprised between 24C and 26C, and even more pre y at a temperature of 25C (as

described irrEskin ey madind prdsenEaimsbamii e Besamicehstssaiprd@pramasly
comprised fpeiwess Je@ﬁduéragw%mdm@oe% iefataktly &@w:&é&s&@mmgd@tﬁéaﬁ%@na)

According to angther ref E%d embodl fthe jnve é ri s) IS IEure) incubated at a
temperatur@ comp?rse qu &n%é aoﬁa Hre?@ré‘bal td tempera urcc—f\e 0 4&d 'B]g Ween 3C and
7C, mdre pilefdrabinat atenigdratare Iﬁe@wﬁtpvmdttvetwbécrmwrﬁo and éveinmoreqmeferably at
a temperatﬁf@r@ffa%f; A&M@M%ﬁ%}fé'w&v@?rﬁw@w&;w@ days 9@?&%%&%%@6(1 between

10 and 20 hours, and more preferably 18 hours. According to theé invention, the concentration of

nuclease(s?ﬁgé@fﬁ BIE[FPR Fﬁ"g"la&ﬁ@étcﬁ ?Wfﬁfﬁ%ﬁrﬁ?”&?@?@%ﬁ?@“ﬁ’ﬁ%{’ %&e%%ﬁa%@ U/ml, and
more prefegably B bfmiitic0 shawedaiaginte deitheutaesulitepshedsametepnalfiomsobd0 U/m1

Benzonasel Al WP I SIUNRIRNLARCIERSR LG conpentalion s g ipur o

treatment (temp FAtUre of ) compared with'the use ot enzonaseO

Accortiing fralispsifeire @féﬁﬁﬁﬁ’dfﬁf@ﬁttéftﬂﬁéfﬁlﬂﬁéﬁh@ﬁthﬁétﬁaﬂﬁﬂﬂﬂ*@ﬁ@érﬁ‘p@l@ég thbepgindbklition of one
or more dewageméa&e&“ae@mépﬁé%% buiareatiigiies Q&M@%dﬂ&oae@ampa(wﬁ@&ylene

glycol octyl phenol e saponin, SDS, Brij 96, P lidocanol, N-octyl fl-D-glucopyranoside and sodium
Corhonate, BRAETIER dLAE SERCINES IR LEH) b ifaB polseb e AR B RSB TFRIGHIT Tween 20
(Polyoxyetluvgié figr $kwbpmdLthoIahaa@)acTﬁmeeruﬁOKRmﬂmbﬁgermwenref@mblmtbddlnmeate) and
Tween 30 %@ﬁ&éygesy&wgeﬂa%om%ﬂow@ ef [ﬁé% 3%?&’@?5‘ &S nlﬂrﬁ&“r&@e@ Juggen 80.

According to the invention,"the concentration o ete t(s) used in step d) is In a range of 10 to 100
pg/L, PRefersblying £P4Ge &1v1DAIsSePpalicatian: \p s %rm %ﬂ@"&r@ﬁnﬁlﬁs’l%reated by
nuclease(spargutiien scavereasisomithe @utmﬁaewaelsnatmmd/@Mh.emasl@gcuﬁ@mﬂﬁm of

the packaging cell culture (prepared in step a)) with an Orthopoxvirus is performed in an
appropriate cell culture medium which can be the same or different from the cell culture
medium used for the preparation of said packaging celi culture (i.e. during step a)). Cell
20 culture media used according to the invention are preferably free from animal product.
Many media free from animal product have been already described and some of them
are commercially avallable as previcusly described. When the packaging cells are
CEFs, sfep b) of infection of the CEFs culture is performed in Basal Medium Eagle cell
culture medium (Invitrogen). The cell culture medium is preferably seeded with between
25 between 0.5 to 1.5 and more preferably between 1.1 and 1.3 and even more preferably
about 1.2 embryo/i of cell culture medium. In the specific embodiment where the
Orthopoxvirus to produce is MVA, the MVA is seeded in the cell culture vessel at a MOI
which is preferably comprised between 0.001 and 0.1, more preferably betwesen 0.03
and 0.07 and even more preferably about 0.05. In another specific embodiment where
30 the Orthopoxvirus fo produce is VV, the VV is seeded in the cell culiure vessel at a MOI
which is preferably comprised between 0.0001 and C.1, and more preferably about
0.0001.
Step c) of culiure of the infected packaging cells {from step b))' untit progeny

Orthopoxvirus is produced, is well known to the one skilled in the art,



WO 2010/130753PCT/EP2010/056491 11 When the Orthopoxviruses are recovered from the
packaging cells (i.e. from the packaging cells only, or from the packaging cells and from the
supernatant), teéguy/cdnsbe preceded by a step allowing the disruption efthepackaging cell
membrane. This step leads to the liberation of the @rthopoxviruses from the packaging cells. The 5

disruption ov\me PRc LI‘L%C ceII me mbra an t%e in d b varlo chn| es W%Enown by the
one skilled in the art. glpeqcﬁmqueg comﬁng “But ar% nG ﬁin?teS Fee? otdhic lysis,
sonication (prigsinedairs@nicztor) riiatensielt ofliidie anedidby whinly eamibeofhsidizerd. Sotiftetors are

commercialy,available one- gnédm%&’%Ptr%%fgig%t%kﬁengg@fﬁﬁewmjrg @EG%H nicators
used according to the Eresent 10 invention are SONITUBE 20 kHz type SM 20-120-3, SONITUBE 36

kHz type SHI5RAY LRE §1§N?Hﬁﬁﬁ‘@EPWEJES}H«?@I\‘;PE@%%@\?%‘P%% B5Ps aviierstiitizers are

commeScialiy Drfilaimerosieegd Miegefieidifs Celrporatiometine gackagingingltlanesmbvangoaan also be
disrupted by us n ess. Th ka ing cell membrane «can also be
disrupted b)x/ Eswg@%ﬁéﬂgrsp Sf}%éﬁﬁgea?ié%é %g %g}% g‘peedee%) om]ggrégnlzers alpéﬂocdorﬁmermally

available frO8£8. g'@%@@ﬁﬁ\hﬁéhﬁésmﬂa@tﬂmémmonnr@epem@br [ilaplectEhoedgesieizer used
according t@é@&t@é@s%dsmﬁgiqa iha YRR PR (Rilvelians MealingsicEhe dpiklure obtained

after disruptio embrane can further be incubated during at least 1 hour under

of t ckagi ell
agitation in %?&8??8 E)%‘F’g @gé%ﬁ@a BABGGhE N RS HEVIBASR b0 BB JHE Pt &) of the
nucleitCacidsenpi@bblYy relbesied farbdtveepackagih§ dells, mmespmfﬁfleiﬂynbam«awm aithe invention,

step €) s eIplofR-RLGaRiesd o istep Al e dispiolien sl padkpang eslme brane

preferably by using a high speed homogenizer or by sonication; an incubation of the

mixture obtéﬁﬁ&ﬂ’rﬁt@’%ﬁ’ﬁ‘?r&it?n’ﬁ@’%ti@é’sﬂ ﬁoH@ﬁ@l‘@MﬁB%@@@@%@a@%&@ﬁ% nuclease(s) added in

step d) of triapudleist aniisdecs. BNAsseieased émth@@@chagﬂé&@ellﬁe eﬁ@&ma%éodhe
invention, the dur'c}tl fste e%} eferab c m rls(e;éj tween 1 30 %51 %551 a ore
8, th ea

preferably FHours (A scr xér}n%rle acearin ing otHLelcllﬁ"\?eﬁP (previously

added!®n fEgse)) ig(aeé)tmchulﬁa@é@a@mnge&eqbiz)@ted mopdiaie tlrtmmem ewmsen 22C and 28C,
preferably alRdRIRaIELIe SQNDFRadeMPen 436RBE BdSeaBA G DFeiaERP AL B Wikws:
20101130753PCT/EP2010/056491 12 i .
deoxyribonucleases (DNases) which degrade DNA; ribonucleases (RNases) which
degrade RNA,; and endonucleases that degrade DNA and RNA. Endonucleases
DNases include but are not limited to DNase [, DNase I} and endodeoxyribonuclease IV.
20  Endonucleases RNases include but are not limited to RNase I, RNase lll, RNAse E,
RNAse F and RNAse P. Endonucleases that degrade DNA and RNA include but are not
limited to Benzonase®. In a preferred embodiment of the invention, step d) of
incubating the Orthopoxviruses produced in step c) is performed in presence of
Benzonase®. Benzonase® degrades nucleic acid (e.g. DNA; RNA) by hydrolyzing
25  internal phosphodiester bonds between specific nucieotides. Upon complete digestion,
all free nucleic acids (e.g. DNA; RNA)} present in solution are reduced to 5-
monophosphate terminated oligonuciectides which are 3 to 8 bases in length.
Benzonaze® has no proteolylic activity. Benzonaze® used according to the present
invention is preferably pharmaceutically acceptable. Pharmaceutically acceptable
30 Benzonaze® are commercially available {e.g. Eurogentec under the reference ME-0280-
10; Merck under the reference e.g. 1.01653.0001).
Preferred conditions for the action of nuclease(s) according to the invention are (as
described in Example 1):



temperature comprised between 24C and 26C, and even more preferably at a temperature of 25C (as
described in Example 1). Step f) of addition of monovalent salts to the Orthopoxviruses recovered in
step e) allows wgdgrguitzle conditions: 5 to inhibit the nuclease(s) activity zmek dosaiwoid the
adsorption of the Orthopoxviruses to the anion excll'@nge adsorbent in step g), i.e. to avoid the
adsorption of more than 10 % gf Ortho.%gx iruses to the anion exchange adsorbent. Therefore nucleic

acids (e.g. DNA) only will b® BasEHBRE 16RE%Hh exchange 10adsérBeftt 8p §ieiGRdvalent salts
include but are not limited toeNegghahd &@I8 Brefer redrenpredsalieintzsaitoti84d in step f) are NaCl.

According to the invention, the concentration of Pé"é%!&&%ﬁ%&ﬁﬁé%e% bsmqg r%pg%ég%oo to 300

mM, and preferably 250 mM or 300 mM. According to the invention, Is performed at'a pH
comprised between 7.0 15 M&a& o2 prefk 8bll B enidbpropeefarably dmaMnore preferably at a pH of

8.0. Aceordingstedihg i veniisretepribed additem el menayalant salteiadhs QrRopexVASES
recovered in step e) is preferably performed accqrding to capditions described in Example 1, wherein
NaCl 250 mﬁ\t/l ,aorﬁemgreer%érjé?efaqbrﬁ{ﬁ mﬁ(ng%lggg i%ngsgg.déte%rﬂ%@%rﬁta& RERTHRYE obtained
in step f) wittaRreebrreftrMgB Hdserdenl 2D alowsueteasyitable temgienseheccapisee of nucleic
acids (e.9. BMdreontaieeddn SRidmiidre dhe.RrhoraxBIses aanhsaRies: bysthe anion

exchange adsorbent due to the treatment performed in step f). Accor m& to the invention, step g) is

performed AE5PRECMpFERTREWEe 7 BRIV pratarEREBE e foraian P8 Steandniere
preferdbly atrafptdtdf &:6nfpdsdeistritedsin 25Exanipleolys Aeeardingdoghgeinrgntiomdhe dueation of

step g) is pr@ég&p}g%j W%ﬁé&% l:fgtween 1 and 3 hours, and is more preferably 1 hour (as described in
Example 1). According to the invention, the functional groups of the anion exchange adsorbent used in

step g) are PAFFEHSSECGRAEIS! teRiarEd R iediewiEryfainthiweotipnsits asdersgdhdstered
ethylarmingotyl (1 EAD) the oo Bt Ch R oo D ahothy o &
triethylaminpet .the group :R- -CH2:N+- also named Q group; see
Streamline&nr1 élr g,”ﬁh%%%%?%)doa%t‘gﬁ?& érgjEQ%L?é%asg%ﬁngfgfﬁfgb&bI%tﬁﬁ@ﬁlﬁﬁﬁﬁ%r@EI) that
alreaq%av@amﬁwchaeéwa_dorﬁ’iﬁl pusitie ehdmgewithire threferbbinaeadbhbetaidrd dPEetaried _
functional grquRef theIRTAXGRBRERANTUREEL YR 8%%%&%??(%@4&?8 QD64 13 used in

step g) are selected from the group consisting of dimethylaminoe MAE), diethylaminoethyl

(DEAE), trifi@ SRS RIREEP At iy laminoethyl (TEAE), and are more preferably
trimethylamiaeetbyiy ToMAEhventDhe tasieshexehaigeon el $1SRd i S tead)) Gameonsigtin e.g. a

b eads-formgp 5%“1"1‘)‘6%9%4?;3”%?@5’5%”%5 range of 5 to 50 U/mi, and more preferably 10 U/ml. As
20 showed in Figure 1, the use under the same conditions of 10 Uiml Benzonase® leads
surprisingly to an equivalent decrease of DNA concentration after 2 hours of treatment
(temmperature of 25°C; 2 mM Mg?:; pH 8) compared with the use of 50 U/m!
Benzonase®.
According fo a preferred embodiment of the invention, step d} further comprises the
25  addition of one or more detergents. Detergents include but are not Timited to Tween,
Triton X-100 (nonaethyiene glycol octyl phenol ether), saponin, SDS, Brij 96, Polido-
canol, N-octy! B-D-glucopyranoside and sodium carbonate. Preferred detergent used in
step d) is Tween. Tween include but is not limited to Tween 20 (Polyoxyethylene
Sorbitan Monolaurate), Tween 80 {Polyoxyethylene Sorbitan Monooleate) and Tween
30 85 (Polyoxyethylene Sorbitan Trioleate). Preferred Tween used in step d) is Tween 80.
According to the invention, the concentration of detergent(s) used in step d) is in a
range of 10 to 100 pg/L, preferably in a range of 10 to 55 ug/L.
The Orthopoxviruses produced and previously freated by nuclease(s) are then

recovered from the culture supernatant and/or the packaging cells.



According to a preferred embodiment of the invention, the anion exchange adsorbent used in step g)
consists in a heads-formed matrix. Matrix can be e.g. agarose, hydrophi!ic %olymersﬁcellulose, dextran
or silica. Chaiﬁvs()(zé].lé}{%ﬂe‘?)s(fran chains) are coupled to the matrix. Function%jfgro‘l]}B/s0 a%gbreviously
described are attached to the 10 chains through ché&mically stable bonds (e.g. ether bonds). Preferred
functional grogpsteé thethsassifosaiedranpdtxaredrimemylaginackagiid MAks). (Aecarginatiie the
invention, thae 86}93 8£ ﬁge rQeaolr -fonrnng%i me trixiriga\ég”a (ajiadr?r%tertpiegh‘?r tﬁg@@g goree%iczjg of filters
used for thE8TTaTMICatoN S ep}’h?. RE'bealie orthetheads tormad matrix have th retfa re pre?erably a
diameter higgherehedes pshansise plefénsbljen diavpbasr eonprirakadigessbereBameari®izso pm,
more prefecahly |gAIRMPIRLCARPAIRGH betean BRI ANSLA2RRM 1 G sMayMOTeREeTerablY a

diameter of 120 pm. Based on the present characteristic of the invention, the Orthofgg%xviruses (having

a diamBter YFPBH80Y Hif)RARKBALS SROTFMAE MO ELiDE BIMeES R MAYPHR BRIV AR N Slep h) (iLe.

the Orthoparuisnses tvill dree reicbeeriadiine the fitwsthtecghihuéaioorexdiambge adsurbiémtte20oconsisting

in beads fopned fabeysspactolngindin nysrianAeisiaiBhY ainrRARIE-Mfiopavaple

anion exchange adsorbents consisting in bea ' : y been described and some
of them arelethgm sl idizarabRoBiGaIPEs a6 ARSHAIREERIN @splrdre (R @ REFEEUANTHphere(r) S
(BiOEad), Bl LINESHR Q- SBRRRINSEPr¥lel@mersiai r%iQ%égr&Q@m@rERtEAl\@-W&'&m S]f’ .
Sepharose(r) XL. 25 (Am loseiences) or BigSepr, rporation), Preferre
autoc?a@abﬁ(”az’gﬁlﬁ)or? egfghgr%%ﬁ;nd%rgén%céngﬁ%n%@n %&b‘?a{)c)]§f§r&r2§g% mg;l{irié%%cﬁozr Yr?ge to %e present
invention is38/REYpEEOR RIBR ) kUK Dep Hvetd- 0B fkiedy eonBisty iy dijstiticsspiserical
polymeric headshiaving awlimpriekeil 20 PMaBbRAEIRg EasthuiRmineriybiTNMARY furgtional

groups. Step g) of contact the mixture obtained 30 in step f) with an anion exchange adsorbent

wherein salBEXRRARRPA R I AISHRIGE N AR rr e hM ML erreraBy R5etfori¥d according
to the conditiaRsdgiescebedamirxampien kisehesaiistup@splarsiy @ (RjbRaddshusedyehtaarding to

Ll it U TR SR R A e e a0y
be as previbsgshprigehnikd Freteae dBMERSREl BPBHSS IR HISHHSFREdRE tAnieehpTaRfNoethy!

(TMAE). Ags@sring tR the Hiragembionenien (ghedremvaneihag. aneensiderbigbesitean dhg-diameter of
Orthopoxvir sest(li;i'e. % 0 nm). The Ortﬁgg\oxviruses will the{aefore recovered in tr%q flow through.
the 2

With this regard’ &niB gﬁ@'ﬂ%sc?a O?B]R'Qa?g (N %ﬁ lo ea'?)%ur%aé??edé‘[o”ﬁﬂ)ralse%aﬁ\ggween 1 and
5 pm, and }bmfeu_itdgragptbaémz@ afr@sprin Allentescirgigdatidooplyeihts qaﬁs'&ﬁig)immbhanes used
accorgig tofheinventiorae: pefriaRix aLieciavatinAusiawbie anigd ex&agnge.adsarents

consisting in membranes have already been described and some of them are commercially available

such as forarREEee eSResRfI 95hs Ty LRtoREs) CUB e BIIG RERTEHSHIRY s (e.g. PolyNetTm PB
P010, P020, P030, POS0) or CUN® Bepaploreifilylidlisa fstign BEtappeakblizd 30205080,

Z13-050). Preferred autoclavable %;é%}gaﬁgh%?g%gﬂa\%ﬁem on %tér&g m?gnr %gﬁ]%pngracg?rding to

the present invention is Sartobind(r) /5 Q (Sartorius en gtep ) IS per with an anion
exchange adsorbent being a memgfaisétigie a%ifollowing step h) of clarification (allowing the

withdrggval of the cellular debris) issnatgeduabalibe selelatidaRristiavedrendigtainedidysmembranes
Clarication of the mixture obtaimecERPkidp B2 B (MO e TGRS EOR i e WHFER LA of the
cellular debris. According to the inegidtidnn tHectiriffcationgestepids (e.9. DNA) released from
the packaging cells.
According to the invention, the duration of step 2) is preferably comprised befween 1
30 and 5 hours, and more preferably 2 hours (as described in Example 1).

According to the invention, the nuclease(s) (previously added (in step d)) is(are)

incubated during step 2) at a femperature comprised between 22°C and 28°C,

preferably at a temperature comprised between 23°C and 27°C, more preferably at a



20 h) is preferably performed by depth filtration. Depth filtration includes but is not limited to the use of
one or more commercially available products such as SartopureO filters from Sartorius (e.g.
Sartopure(r) PB2YEINB Incorporated AP series depth filters (e.g. APOR§TERIIG HtYrporated OP
series depth filters (e.g. CP10, CP30, OP50, CP604£P70, OP90), CUNO Incorporated HP series depth
fiters (€.9. HRAArPSRHPARLEHRER 1R Qi PIRICUND InrarPiaied ralif-prries depth filters
(e.g. CA10, 0A30, CA50, CAG0, 0A70, CA90), CUNO Incorporated SP series depth filters (e.g. SP10,
SP30, SPSEW@PW@?’S%%g%%%EI%@WG Delipid Plus filters, Millipore Corporation CE
series deptBiiitefs ¢& gdB b S5HICRANGERD sEIE30; Gk 35 thdpdlyiGkéd, etherdaErR0stgEép), Millipore
Corporationdﬁgl;légyggé,ggﬁélglgl([_{,eo@dgﬁogspEZS, DE30, 30 DE35, DE40, DE45, DES0, DE55, DE560,
DE65, DE70, DE75), Millipore Corporation HC filters (e.g. ALHC, BING, COHC), CUNO PolyNetTM
Filters fe.g. PolyNetTM PBPOSHIBhoouseate(PRmividendp500, P700), Millipore Clarigard and

Polygard filters, CUNO LifecAsssierileissdvYnia airns ChisescleriBditer sHe shifRekaHdRydPR12, PR
5 UP); and PALL or SeitzSchenk | corg%)rate?;(ﬁj filters. In.grtq_‘e tq improve I}he clarifica 0]

r ion
2U101130753PCT/EP2018/5562491 1502 SkitlPof iy A9 aNgnte SUpteTife a{ﬂ8F?Lmﬂg,%i$c/3r?be useful to
couple two or more units wWithoecradsises goréhsizeson netliszangi edsndren) thEhenisdone todisclarified

passes through the first depthyiltrationsiqithgre T higosskenniaminants are fetained and

subsequently passes through the second depth filtration unit. With this regard, 5 according to a
preferidd embodiment of tAESRREAM SIRR Blarification of step h) is performed by depth filtration,
preferably douerdiidsstmindnalposesiz arel Sopninddptedadilters KBInBrafposd size ofdepm.
Preferred fi havyi re size of glg m.u eg ccording to the present inventign are
Sartopure0 |E§rsu%%€nan?e$é% Ilf)a\%é%aﬁfg%oﬁ %r%:r)]ﬁug) ( %%rtgﬁ‘bg% Bp ?T%%naeerb{é}ﬁ?ra%on may be

performed AtANA@RsISRte BrderBds N minnae cARdbiedPuNAAL anflawelaratdf 230 mikues.
According tgothemvasiiaoingtepthe isrsiiienad b &piarepmedised batwaesriddd aaavadh preferably

bet 7.5 .5, and f I H of 8.0. Step h larificati f the mixt
obtain ULy ) 1 SPEAEIAE HESTo e Bk or e 25 BoH R UL S BRI S whereir
the clarificaidhdsrperfirmeteby) dé pticfiloratib moverditersaiavintha OBpopesireset 8epovemdpled to
filters having %tegr%sigg%féreaw YaskatasfoneLateid TLABHkIEd R LIROPR\EsERhaving a

diameter of 200-300 nm é)ass tirough the pore size of filters during the clarification step h). The
Orthopoxvilt €8 atkfafbiMetoTErE PR RidHo P thrYgft 0 Sid sy e#dvashing of the anion
exchange atsprhent withtacs cutionkueenpbisingdnianseglentiialisralows wRees sidtabieeenditions to
recoventher i XVir in the flow. through. Mongvalent sal ed include but are not
Iimiteg ?o N%%Weg{n%?%%@%%%r%#?hﬁ(ﬁ%v% %n? faté[rseués%gn i?llyela's‘(f’e%clJ are NaCl. c%%%%‘ge o'the
invention, tRRIE GHEBYE:ation Srthensviaksss ks @i sanfume Py ibarpaivargslidmB0ads2e800 mM, and

preferably 258 mMOtSAthBMVAaTEiE eihg invention, step i) is performed at a pH comprised
between 7.0 and 9.0 8pn[eferablr}/_between 7,5 and 8.5, and mgre refer%%léﬁt a pH of 8.0. According to
TG

a preferred SrROMAEAD B THE TR ISR StHE RETHOR BRI, EERItsHPREepY) is a
pharmaceutieidiysbiycegiatie Sobutiod 8dmprigingpiOPrafd Tnig-iGl, D8O 586 (esdrid@€inM sodium
glutarpgte mrﬁggéq)ml\ﬂ NacCl, pH 8.0 with physiological osmolarity (290 mOsm/kg) (i.e. S08 buffer).
According to other preferred embodiments of the invention, the solution comprising monovalent salts in

step i) is a PREPFARSIRi M HEEEMRae SBIRIER B iSARINdSor Firikirecammisedipetwaen 1
triethanolaridiesidiies, @iha iBhashpterbrabinr 1 Siap (hotumsiteg afthenaniomexchange adsorbent with

a solution GRUPIAIIGIIRE VRIS BnliSha g AIRRRE SRR ARE bent used

in step g) are primary, secondary, tertiary and gquaternary amino group such as for

30 instance dimethylaminoethyl (DMAE), diethylaminoethyl (DEAE), trimethylaminoethyl

(TMAE), triethylaminoethyl (TEAE), the group -R-CH(OH)-CHa-N+-{CH3)s (also named

Q) group; see Streamline® resins, Pharmacia) and other groups such as for instance

polyethyleneimine (PEl) that already have or will have a formal positive charge within

the pH range of 7.0 to 9.0. Preferred functional groups of the anion exchange adsorbent



16 preferably performed according to the conditions described in Example 1, wherein the washing is
performed with SOB pharmaceutically acceptable buffer comprising NaCl 250 mM, or more preferably
300 mM. Ste%’%%f”fgﬂz?é’ntration of the flow through obtained in step h§ QHEPHE S through
5obtained in step i) allows the elimination of the progeins present in said flow through fractions. In a

ﬂ-efeﬁd ?ﬂ%@ﬁdwe\:ﬂé@f&??&V&J@&ﬂe&h%éﬁﬂ@ﬁé‘tr@iﬁliﬁbft@ﬁr%i§t%rt@m@gﬁé&’h?f?é‘?ﬁﬁ?fﬂgﬁvpn-l |
icrofiltration, is a.pressure driven rane process that concentrates and purifies large molecules.
More speci?@yﬁ\ﬁ)a %ﬁ&%%@ﬁi’g%eégéq;mg '?ﬁ?é@i@’ﬂﬂ%@@ E?@(L‘*E&é%&’%%ﬁ%ﬂb%%% reject the
Orthopoxvifuséd-in ahe astentatepeaidraligvirsnettilfamiecaiby! (€)dARjoteins) to pass through the filters
into the perpgaledfispiiiationedses heydhmestiherxianianizoliion. Wildhisegard, the

microfiltration is therefore performed by using filters having a pore size lower than 0.2 pm, preferably a
pore size cBRPHF E#H'8.09 and 0.15 pm, and more preferably a 15 pore size of 0.1 pm. Filters

used accordisigiditgadny entienefapieianniaht antoelavadiacAutaslaviabletitersqaseskisdep j) are
commerciau)é a}}/ailable su§5h as foEfinstanﬁP%)siak Mcicrofi&ratié){n J[Vlodules Millipore) wherein Prostak
ea - i rose
4 ar

Microfiltration oiaufetel‘gs VAGD? 5‘8\3 AR SRIPT2E1AR preterred Sted J) of "

e pre
concentratioyoePrhddlawiynmeugtetbtste d@xtseap 91) aiickthEflanstHmagiobtametidinsieprd is

preferably 28pgrarmadascarding e sonditiensdersribedy HEaBRle Jte WRGHRIDLINS fRNCENtration

is performe bh%nicrofiltration over filters having a pore size o0 O.1§m. In another preferred

embodfimert 8 the VBRI 8 boREE R aRaT SR 8 PRSP HRBRe & /IR AAHASHBR2 EEBRding to the
invention, thetodtiaddtiatiomisdorefebabtly &icrei$sdHoun fidtitati gMMAED. principlepictbssaflontifittration is

known to e et Sled LG 225,558 o RICTAIER G g GNDIBER o3, Vil

Methods (1982), 4 (3), pages 147-153. "Evaluation of a cross-flow Tiltration technique for extraction of

polioviruse & fEsmUPRIC iPAt&te Ffatcaicue ittt g dhatesad s pig brariifennen oraks fiartion
comprisingtthe<Rib prasripisasirbiatactijhsten) (5.6, theneiesiateowhesidheeoreanatian step k)
has begn performe microfiltration 30 or by ultrafiltration) is an improvement of microfiltration and
ol o S oL LS B R ISR T DS b B A caon
the concenfra@ianTof @ing igvearitesanpsaleraiigtiond@metan utioAZST e fidasieth comipeigingstng

Orthopoxvigyses-allas ¥arBifg.aulomoicab e JmRkiles {ﬁ%mnaaﬁérgﬁg%?& oYy siapd that the

diafiltration may be carried out in a batch mode, semi-caontinuous' WO _
2010/13073‘3“#@@%P%@65@&9f0m size of fllters during the clarification step h) (i.e. the
Orthopoxviruses will be recovered in the flow through). Anion exchange adsorbents

20  consisting in beads-formed matrix used according to the invention are preferably
autoclavable. Autoclavable anion exchange adsorbents consisting in beads-formed
matrix have already been described and some of them are commercially available such
as for instance UNOsphere® Q (BioRad), UNOsphere® S (BioRad), STREAMLINE™ Q
Sepharose® XL (Amersham Biosciences), STREAMLINE™ SP Sepharose® XL

25 (Amersham Biosciences) or BioSepra® Q hyperZ (Pall Corporation). Preferred
autoclavable anion exchange adsorbent consisting in a beads-formed matrix according
to the present invention is UNOsphere® Q (BicRad). UNOsphere® Q (BioRad) consists
in hydrophilic spherical polymeric beads having a diameter of 120 ym and carring
trimethylaminoethyl (TMAE) functional groups. Step g) of contact the mixture obtained

30 in step f} with an anion exchange adsorbent wherein said exchange adsorbent consists
in a beads-formed matrix is preferably performed according to the conditions described
in Example 1, wherein UNOsphere® Q (BioRad) is used.

According to another preferred embodiment of the invention, the anion exchange

adsorbent used in step g) consists in a membrane. Functional groups of the membrane



17 mode, or a continuous mode. The diafiltration step k) can be advantageously used to change the
buffer in which the Orthopoxvirus is comprised. For example, it can be useful to exchange the buffer
used in the quf?czc‘(’ﬁ'ﬂW rdcess against a pharmaceutically acceptable tﬁﬁ%@?ﬂ&@%ﬂg to the
invention, the microfiltration is 5 performed by using filters having a pore size lower than 0.2 pm,

prefeFr_iatbly %MF%%%SQ%QQ%Q%W%W&%@B? @uﬁ?t%ﬁl%}%tﬁ%ﬁ%ﬁ&ﬁ?@é‘%ﬁ%eﬁe ch]I 0.1
pm. Flters used accordin Invenuon are prerera autoclavaple. AutocClavanle Tiiters useda in
A bt R e Sl e R Rt
wherein Prc;_»smk MkaoﬂﬂisgaaontmdulmPSﬁm@f)th P@V\bﬁ@@msé@ e(nel SKQIPlﬂrE}.L q'lrdaqoreferred.
Step k) of digiiitration, ot dae,frGHan £ amRYising e PHNRBRNINRRS, R AR N SIERPJiS: pLeferably

performed according to the conditions described in Example 1, wherein the diafiltration is performed
over filfers MEMRIEADOAS S5ePHBSIH S INVEHRN | P LB R FRBBHSEA SIS R) ofaNdfitkafion can
advantageeusly hrefdensywithgoe 15sams tgparaf fikeis: TheniegensdesibostA edibitinyemtion can
further compiisg ¢t e ofaet dilttation (-8, step D). 2p0 & %Fteé%t%‘éf"\?é%ﬁr?“ é;ey%‘?é) m)) Gel
filtration step {I.€. Step H ceording b the Tnvention, the Sample obfained in step IS tréated on a
solid supporhisonspakangd edely Pritih goasisintete rmampenes syseitgedydrren e ganhedisnthtageously

between 8Q.and 160:Rem RiRfetaRinbRIWELRARANE 108nPay mere Risfesably-beiwesnya5@nd 75 pm,
more %)referage( between 20 and 80 pm and even morﬁgreferabgy between 20 and 6IEEOEBm. According

to the 1Averi TN OE4R! sabpst FlKNERor G LSR8 ﬁ?”aﬁ%th$?1ﬁ&%91ﬁ&&8x\ﬁ li%. 200-300

nm) so 25 M_(h@et@uchﬁ@_sﬁiktﬁrpemga@mwm@ﬁ b?éamzt})n zne-aﬂ@rmasme Prelecedes Which_
are smallerjnsiz6, BeRCYAIS IR AR Readsand e migtpiom berrahiz g et Te.syppgyts used in

step 1) of gel filtration can be based i;%.Jon agg;ose, dextran, acrylamide, silica, ethylene
glycol/methei€saatd vspbiinerarabingiura Sheresrfidtlh as for instance mixtures of agarose and

dextran. Acporgingdp H)adneniierdtisisupnoiisni@aneantfediibuseamghe whémetiagatigroups. Gel
filtratigqn chromatography su rts.are. co ercially available such as for jhstance: . Ethylene
ool et S SR B R B L By, S e BT B ) b
65 and Toywswaetd FHw Z6lHavivrPrsbaedianettgteionthiisethdrobtianas JGdnd 60none, I'esohaas);

WO 2010/ %E%QU%%Q/%é%lgnd preferably a pore size of 3 pm.

Step h) of clarification of the mixture obtained in step g) allows under suitabie conditions
the withdrawal of the celiular debris. According to the invention, the clarification of step
20 h)is preferably performed by depth filtration. Depth filtration inciudes but is not limited to
the use of one or more commercially availablie products such as Sartopure® filters from
Sartorius (e.g. Sarlopure® PP2}, CUNC Incorperated AP series depth filters (e.g.
APO1}, CUNO incorporated CP series depth filters (e.g. CP10, CP30, CP50, CP&0,
CP70, CP90}, CUNO incorporated HP series depth filters (e.g. HP10, HP30, HP50,
25 HPB0, HP70, HPOD), CUNO incorporated Calif. series depth filters (e.g. CA10, CA30,
CAS50, CAB0, CA70, CAS0), CUNO Incorporated SP series depth filters (e.g. SP10,
SP30, 8P50, SP60, SP70, SP90), CUNO Delipid and Delipid Plus filters, Millipore
Corporation CE series depth filters (e.g. CE15, CE20, CE25, CE30, CE35, CE40, CE45,
CES50, CE70, CE75), Millipore Corporation DE series depth filters (e.g. DE25, DE30,
30 DE35, DE40, DE45, DESQ, DESS, DESG0, DEGS, DE70, DET5), Millipore Corporation
HC filters (e.g. ATHC, B1HC, COHC), CUNO PolyNet™ Filters (e.g. PolyNet™ PB
P050, P100, P200, P300, P400, P500, P700), Millipore Clarigard and Polygard filters,
CUNO Life Assure filters, ManCel Associates depth filters (e.g. PR 12 UP, PR12, PR 5
UP); and PALL or SeitzSchenk incorporated filters. In order to improve the clarification



Allyl dextran/methylene bisacrylamide gel filtration chromatography supports (e.g. SephacrylTM 3300
HR having a bead diameter comprised between 25 and 75 pm; Sephacryirm 3400 HR having a bead
diameter 5com ity Hetiveen 25 and 75 pm; SephacrylTM 3500 HR hakAfdEB2BEsH Yiameter
comprised between 25 and 75 pm; SephacrylTm 319€00 SF having a bead diameter comprised

between 4Q:apaiP50pthel LA ALpRCIAl 2 NsRCTVIARIN hydr By RIgRaneslich gskfiliatign
chromatograp% su§) or,tg %e%? Trisacryl having a bead diameter comprised between 80 and 160 pm,
[1i

10Biosepra)l KgaP5se"Y RS BB GG Ih & SRS TREg NRER FEBHED PR &IAHGSS bead
diameter caragssethibetyrdbn 26tateiB0ipatidBiorRadjere Ethyignesglysatimethasrytategaiditration

h t . 0 5 0] 1 5 apd opearl(r) HW 75,
Paving & be o B R B O o A R e

conditiohs SIS & gePritieitemh ackeriimr todth& mismiiearéheactisiicahiamtrsnsiaronbvalent

salts selectpdrfoametagldepth Kithtieleralehs Dipcldntadiangs pg2d darie 2M pretesghlyin a range
of o fil erO(I'g] rr‘}!\r/]l to 1CI}\I/J apg g}%{e prefer b%ﬂ Or() W'\\//li; 20- a pH comprised b?g}tﬁ\{vgen 7.0 and
9.0, preferatbly Be?weaen 98 gn& §’§ and more prgtrerablyeasp oP%.%.F’Pﬁ%Sé%Sp é Y ufafitration is

performed bynmi¢gats apeptbngitionthaspeseidushyeidiarilsed iBatepukR®f Aimditratomaceaisding to the

present invepLighi&3H-SERHAL BiSRIDIP-RGIFOFMENOf AR HBFEMYSY HessHRed sap be

preceded by a step of incubating of the sample comprising the Orthopoxviruses in presence of one or
more gpabilé%'ysr.a}f‘s‘ﬁsaé&eﬁ@?éir% UL ABFE PTRIRIADR, 2 Gty ARisnah § I BHESeAPRREHNSK the
Orthopoxvithisasvéteiljzee inclegeturtrane aio [initegrgrisadahavides (R00asyTroserdrehalose,

sorbose, MAlaZIARe; SURNYSIAR0YRSR: FALINEBR JUCie e BRNMSE nS9SRriaRINSS, pigbinose,
xylose, ribose,
mixture obtained in step g) is preferably performed according to conditions described in

Example 1, wherein the clarification is performed by depth filtration over filters having a

15 pore size of 8 ym coupled to filters having a pore size of 5 ym, and at a flow rate of 1
L/minute.

The Orthopoxviruses (having a diameter of 200-300 nm) pass through the pore size of
filters during the clarification step h). The Orthopoxviruses are therefore recovered in
the flow through.

20 Step i} of washing of the anion exchange adsorbent with a solution comprising
monovalent salts allows under suitable conditions to recover the remained
Orthopoxviruses in the flow through. Monovalent salts used include but are not fimited
o NaCl and KCI. Preferred monovalent salts used in step i) are NaCl. According io the
invention, the concentration of monovalent salts used in step i) is in a range of 200 to

25 300 mM, and preferably 250 mM or 300 mM. According to the invention, step i) is
performed at a pH comprised between 7.0 and 9.0, preferably between 7.5 and 8.5, and
more preferably at a pH of 8.0. According to a preferred embodiment of the invention,
the solution comprising monovalent salts in step i) is a pharmaceutically acceptable
soiution comprising 100mM Tris-HCI, sucrose 5% (w/v), 10 mM sodium glutamate and

30 50 mM NaCl, pH 8.0 with physiclogical osmolarity (290 mOsm/kg) (i.e. SO8 buffer).
According to other preferred embodiments of the invention, the solution comprising
monovalent saits in step i) is a pharmaceutically acceptable solution comprising for
instance a Tris buffer, a triethanolamine buffer or a phosphate buffer. Step i) of washing

of the anion exchange adsorbent with a solution comprising monovalent salts is



30 rhamnose, galactose, glucose, mannitol, xylitol, erythritol, threitol, sorbitol, glycerol), amino acids
(e.g. Gly; Leu; Lys; Arg; Asp; Val; Glu), detergents (e.g. Triton X-100; Tween such as for instance
Tween 20, TWRETBH G Fiveen 85) and salts (e.g. NaCl; KCI). Accordin§ 55 pHdfeited embodiment of
the invention, the stabilizers used in this step of inc@ation are saccharides and more preferably

saccharose, BesaElng derdha etV QRBLRHL3353RC TEERARSYOSRA A inventiep, hs-concentration

of saccharose used in this step of incubation is in a range of 25 to 100 %L_ and preferabl is 50 g/L.
According tTRE RvEifiokeTAL S tdbil T RS ESN %E%o?ﬂ%n?@éﬁﬁ%%‘fﬁﬁ aGRERiERl opyer
pharmaceuticaityisiogeptéb BESohiipor carrg pisfegaOOBU0 ikis-HCI, sucrose 5% (w/v), 10 mM sodium

glutamate agd 5Q @Moﬁégﬂt%tiw&)".9\:!"&?\/9@(%85?9@&591 YL RORDHA) oo Dufter)

According to the'invention, the stabilizer(s) can be'comprised in a solution consisting o
pharmateufi@iyedciepiapid s eoRipinaHg TS iR pietehT Rsesamfel) saitkiitmdmensie buffer or

a phosphatedatifies. According to the invention, this step of incubation in presence of stabilizers is
performed at a pH comprised between.7.0 and 10 9.0, preferably between 7.5 and 8.5, and more
preferably zl?rt1 & |cﬁ£|e fc%frﬁg.e,&%%%rﬁﬁﬁttgftﬁheeiﬁr{/veer?t%l-"gﬂ X l%’%p 88?5%8%5@%%?%%& ofi ‘?ﬁg%'gﬁgarg i presence
of stabilizemsigefdiiaiirise lseviiveiivn Foampaers 2@ koves, mrctane prefesatiyal 8dwmergratecording to
the inventiog, JhizHigR HNCyRaliendB PrRsENSsRiRiakiize isRariarmed & %%@@?rmw@

comprised between 2 and 8C, preferably at a temperature comprised 15 between 3C and 7C, more
preferaBly HPTERBEFtIFe R aNOSRR LT ECh P e hianpaiuissndre hreteiamfiarad
temperaturelipfb Emahismsteputfdneuationcing)resencs of siabilizees fisgpseferahhe pesfarsaed in

presence of & c dur] urs ata fe rature of 5C cribed_in, Example 1.
According t%?gqrﬁ%{ti %ﬁr@mljtgo ?n%gnﬁgg;%iigﬁﬁgtéﬁﬁ A o%ﬁﬁ]ae%?ﬁ)\%er?t%%%’ per‘g\tﬁﬁsrfy ?(?géqsbrﬁqbeed, the
clarificationStepi(Eaion )5 i peafergreciianesd iy steipelisirebovieari Rhe GizRdpURUifiRRS Fom the
culture supgrnastiaatandiosdhepackaanssebendsso tlingimanethan esborinesicedtigiavention,
step f)jgf addition _of nf”l8n10vale Iﬁsalts to the Orthopoxyiruses recovered i s&? e) under suitable
conditidns £V IRHBE e nutiBaSEES AERHEFERE 'fbd[;t\% t\’i‘geéﬁ%rﬁ'f?oﬂr%ﬁ%% (15 SHIRSFYRIIRuses to the
anion 25exéhitouieyablsofitierst sstengyids noepedormercialivhabidakigasdethespfosemitimeention
therefore ajso.eelptegitosRimelPoba. MetamiB " RIRduRinG A1 RUNNING BN tYR&AD

attenuated and/or a recombinant Orthopoxvirus, comprising the following steps: a') preparing a culture
of packagiffé@fé?@@ﬂ‘)ﬁ%ﬁ@fﬁ@ﬁgwﬂg%élﬁ'& Enith AiftRbpRGARRGRIeY Eliffifting the
infected patikaginguwstisbiaihea oganspOnthegokd misdstpmdnceizthkheubrion iB preseasig of one or
more %Clegéﬁgﬁmed according to the conditions described in Example 1, wherein the
concentration is performed by microfiltration over filters having a pore size of 0.1 pm.
In another preferred embodiment of the invention, the concentration step ) is performed
by ultrafiltration. According to the invention, the ulirafiltration is preferably a cross-flow
filtration. The principle of cross-flow filtration is known to the person skilied in the art
25 (see e. g. Richards, G. P. and Goldmintz, D. , J. Virol. Methods (1982), 4 (3), pages
147-153. "Evaluation of a crdss—flow filtration technique for extraction of polioviruses
from inoculated oyster tissue homogenates™).
Step k) of diafiitration of the fraction comprising the Orthopoxviruses obtained in step j)
(e.g. the retentate when the concentration step k) has been performed by microfiliration
30 or by ultrafiliration) is an improvement of microfiltration and involves diluting said
fraction comprising the Orthopoxviruses with a solution to effect a reduction in the
concentration of the impurities in said fraction. The dilution of the fraction comprising the
Orthopoxviruses allows washing out more of the impurities from said fraction. It is

understood that the diafiltration may be carried out in a batch mode, semi-continuous



e") recovering the Orthopoxviruses from the culture supernatant and/or the packaging cells; WO
2010/130753PCT/EP2010/056491 20 f') incubating the Orthopoxviruses recovered in step e') in
presence of: 1¥81& 11 iHG6te agents capable to inhibit the nuclease(s) actvRFEHREBEGnally 2. one or
more stabilizers. 5g') contacting the mixture obtain¢d in step 1) with an anion exchange adsorbent

under suitagiggondifions telipyydhe capliye ofihe _@amgeﬂeswet@ﬁm% HeClRiCAEdRo) Clarifying
the mixture obtained in ste %ﬂder suitable conditions to allow the withdrawal of the cellular debris;
101" eIutind‘Jﬁ*ﬁﬁi33 r ES fith YU YRR ARG D AOVHERRSATY: ©X3T RIS LeFtfating the

mixtqre obtatedsaiustap i'}apfchkﬁgéiafhwamg‘ahemmt_imm ¢benprisifigative Optbomyvérmest'obtained in
sten 1). Step R AapaiR a5k’ RREAND feiRd SRR R fRpaiafio of a

kR
culture of packaging cells‘as previously descri ep b’) of infection oﬁﬁ@ pacEaglng cell culture

with an®OrtREpBXURE LYl b Sis By BRiAfREIR AT tRWSIAERAJING HBI RIGIRIRY WithPRREGHSopoxvirus
as previoustyrdpsssbesniep oef sultura Hiithe irediedpackraing cellsobntéi ageny Qrihopoxvirus
is produced-refers to step c) of cultyre of the infected cells until prageny, Orthopoxvirus js produced as
oroviousty TUCAR AR e e o BRI Abire At AR R0 e )
of incubatiors@d presiende efonerommokiinarkiabls sshreyitushetieseriBegiatdfedfiifagoovering of

the OrthopqyyiiesSTRIBARS GHEHR SRsHAIARIGNFAAbIRIRaakas e, aRlisTEips o e ¢) of

recovering of the Orthgpoxviruses from the culture supernatant and/or the packaging cells as
previoliSly 88§cﬁ!§38.1gg?h@%ﬁf%ﬁéﬁgir%%% 8Bl SrliAtIGR PE The S RRURTNCRBRIBN&IEE 1)) in

presence oDrthopoxviruses obtained in step |} is preferably performed according to the conditions
described in Example 1, wherein the diafiliration is performed over filters having a pore
size of 0,1 um.
Step j) of concentration and step k) of diafiltration can advantageously be done with the
15  same type of filters.
The present method A of the invention can further comprise :
1. a step of gel filtration (i.e. step I)) ; and
2. a step of diafiltration (i.e. step m)) .
Gel filtration step (i.e. step [): According to the invention, the sample obtained in step k)
20  is treated on a solid support comprising beads having a diameter comprised between 3
and 160 pm, advantageously between 80 and 160 um, preferably between 40 and 105
pm, more preferably between 25 and 75 um, more preferably betweean 20 and 80 um,
and even more preferably between 20 and 60 um. According to the invention, said
stpport has a porosity closed to the diameter of the Orthopoxvirus (i.e. 200-300 nm) so
25 that the latter does not penetrate into the beads. On the other hand, the molecules
which are smalier in size penetrate into the beads and the migration thereof is slowed.
The supports used in step I) of gel filiration can be based e.g. on agarose, dextran,
acrylamide, silica, ethylene glycol/methacrylate copolymers, or mixtures thereof such as
for instance mixtures of agarose and dextran. According to the invention, the supports
30 are preferably used without functional groups. Gel filtration chromatography supports
are commercially available such as for instance:
® [Ethylene glycol/methacrylate gel filtration chromatography supports {(e.q.
Toyopearl® HW 55, Toyopearl® HW 65 and Toyopearl® HW 75, having a
bead diameter comprised between 20 and 60 ym, Toschaas);



1. one or more agents capable to inhibit the nuclease(s) activity, and optionally 2. one or more
stabilizers. Agents capable to inhibit the nuclease activity include but are not limited to chelating 30
agents (e.g. eth§IBH&dARTine tetraacetate (EDTA); diethylenetriamine pERTAEREAHITPA);
nitrilotriacetate (NTA)), monovalent salts (e.g. NaCigr KCI), proteases, phosphate, monovalent
cations (e.g. Na; Li+; K*; Ag), guanidine hydrochloride and ammonium sulfate. Chelating agents such
as e.g. EDTA, DTPA or NTA, remove metal ions (e.g. Mg2; Mn2) which constitute, as previously

described, essential ‘Cofaclits FFIRRI OGP S0 SISO PRS0 505 B7 P 1 (HOBEREF Y
nuclease(s). Monovalentsaty {eyg.MalHdony RCHIeadR thevingctivatiad alameleasemptieed

concentration compry \g&%m%e%;oo an ﬁgﬁ% @%,@rg@d@bﬂy@tﬁ%@% t éogeg]&vldgﬁ%%&hat_e and/or

monovalent cations (e.g. Nat; Lit; Kt; Ag+ 0 the inactivation of nucleases at a concentration of

about 6t above 100 RINIPISesL&EMBR hYer8eH I didenBinderhaYitnSeal kR iryirstiebfagtivation of
nhucleases ata cglncgmfﬂéi@ﬂ @bﬁyh ﬁs%@@@ﬂ%eﬁ@@&%@gsmﬁp&fﬁ&ﬁl Ambegdimert ggm@ igventior;),I
the agents capable to inhihit the nuclease activity in step f) are.chelating agents, and more preferably
ethylenediamine tetrgg%de R éﬁfﬂ?%@ggfﬁ%g% ﬁtglgnn\;jea[n%r‘fmhé\rc}g?%%grﬁ%wgﬁ @‘ EDTA used in
step t) is in a range f E—Q@@@mmwwp}fefemh@digl198!1®ilmmo¢\mmmagq@wm;qm@ferred
embodiment of the inventigae1 s saRaRieHg-INPILUAGRUCIeBSRVACHVAY ihgteBd ). Are

monovalent salts, preferably NaCl, and more preferably NaCl 100 mM. According to another preferred
embodfinent of the ifRIBFRSA)the agents capable to inhibit the nuclease activity in step 1) are

monovalent salts and clglatiegoegBintsjqrefecahijoblaphascbbbiEAea diawoerpepiembbyiNgCl 100 mM
and 15 EDTA 10 mM, %%%s{ﬁ@%?% &Eﬁe%%qls 8% e%ﬁ%%?% %g %‘ln% %\é‘%gg , Step f) is performed at a

pH comprised between , pre y between 5, more preferably at a pH of
8.0 (as desEfbérnth EveavpritBCXEte ramh Jitties isbertisiossteh f siperiadd dewreniirature
comprised bewezen R 2hafd B P Eale Ry RbAdenWeBtuE seBNdsRReteRe Rt pANd; 7C, more
prefer%)ly %t a tem%%ratlgoggcomprrisequet een 49 and 6C, and even more preferably at a
temperatur Or'BE" AclBfdt g“fB’th%sﬁ\Fea She fHe'GUration of step f) is comprised between 5 minutes
and 20 hourselereprefentathembaiipiznt ofithigriticestionrding thittiowefikiep® is comprised between

2 and 20 hours, and is preferably 18 -heurs oin 25 Hispreseint %@Q%@]ﬁght%@rtl&g@%ﬁuses

obtained in step €') are also incubated in presence of one or more stabilizers, in addition to agent(s)
capable to inhibit the nucleSRFHEENAG (HsHrawELRIF IR eMuad . Mepipinay Petd@NieREp f) to
agents allowing the presergzatoniotshenDEhopoondnisesghiviag30e tipatment with agent(s) capable to

inhibitfhe nuclease(s) actiyi in.said alep fyalahilzers nelude i a1, ot A fpiked fp saccharides
(e.g. sucrose, trehalose, sorbose, melezitose, sorbitol, stachyose, ratfinose, fructose, mannose,
maltose, lactose, arabinos@nsylsye riplesebhasihes8 Galactose, glucose, mannitol, xylitol, erythritol,

threitol, soripHel, ycerp hrapimmasios (€ BefRimbaUsl-Yeehhg; A%P; Makii, detergeptsie.g. Triton

X-100; Tween sych as for instance_Tween 20, Tween 80 or Tween 85) and salts (e.g. NaCl; KCI).
According t‘few %T&%@(ﬁgﬁc fiJ}f':a§‘§E)10/056491

According to the present invention, each step from step f) to step 1) of Method A

~ 25  previously described can be preceded by a step of incubating of the sample comprising
the Orthopoxviruses in presence of one or more stabilizers. As used herein, “stabitizers”

refers to agents allowing the preservation of the Orthopoxviruses. Stabilizers include but

are not limited to saccharides (e.g. sucrose, trehalose, sorbose, melezitose, sorbitol,
stachyose, raffinose, fructose, mannose, maltose, lactose, arabinose, xylose, ribose,

30 rhamnose, galactose, glucose, mannitol, xylifol, erythritol, threitol, sorbitol, glycerol),
amino acids (e.g. Gly; Leu; Lys; Arg; Asp; Val; Glu), detergenis (e.g. Triton X-100:
Tween such as for instance Tween 20, Tween 80 or Tween 85) and salts (e.g. NaCl;

KCl). According to a preferred embodiment of the invention, the stabilizers used in this

step of incubation are saccharides and more preferably saccharose. According to the



22 a preferred embodiment of the invention, the stabilizers used in step f) are saccharides, and
preferably saccharose. According to the invention, the concentration of saccharose used in step f') is in
a range of 25 %Olzﬁa}léﬁ’{sgnd preferably is 50 g/L. According to the invehtioi? fﬁgﬂgfgﬁ]lizer(s) can be
comprised in a solution consisting of 5 a pharmaceg@tically acceptable solution comprising 100mM

Tris-H|C|_, swmg%%%hqéﬂtﬁggéri@dfmgw&@&at@s@acﬂg&ﬂ_igr%ﬁlgﬂin@hbgﬁewl\gahhmﬁ%@@bgical
osmolarity i.e uffer). According to the invention, the stapilizer(s) can be
comprised %%%srg u@@%%n%&%ﬁé%?@%%;? gc% tiégﬁg’/ré&ge a?BFe'ggﬁﬁ%'%’%Eﬁwa%éﬂée%?)instance a
Tris buffer, Gtribthanoiansak ibudfecbitiarphosphtitg lofifée nhE0Bame ¢t afcentaotaificheotiitare
obtained inc3ieR,id With sEkANIPASHENA0E REASQD DRIl NN A6 SHIRIE FRRdLionS Mg gapture of

said Orthopoxvirus and nucleic acids (e.g. DNA) as weéll contained in said mixture. According to the
inventiGn, &5 bPis HETIHMRRY S PRAESRTISEY hetRadnsmiaht: 8.6 Ut teiabn ASERIERA 7.5 and
8.5, and masetpeeierablinal ahpHsoftBifelés descrizeddmpbéacanmple 4pidtesorebngidondpertngention, the

duration of sieh ks isfGrabivcomprissdlehvosti- .3 hours.aNdis worg prefgygply 1 hour as

described in Example 4). According to the invention, ctional groups of the anion exc%ange
adsorbent féiaanoktapng) wriéepomarphesrbaigaryiesrtesio g iatdmiryeatitno v gipsudh as for 20
in_stc';nce o!im&ggxwéwg%%&%@agi%ﬁ&%@gﬁ%@%ﬁ%ﬁf&ﬁ%@%%ﬂwm MARE),
triethyJaminoet , the group -R- - -N+- also named o group; see

Strea ine%r)sre%ﬁff aﬁ%@(ﬁ% zzﬁ% %’?He%jé’rgﬂ)E%gW&%?@q ) ﬁc%"ng}é&y‘I\gﬁﬁ Wet?PEI) that
already haveeoirwiihtiave tadoduralipositiviéhchatge witimoubeatiph ngessEntd b St@bPreferied

functional qroipsQhthe:3aIaN £xcpads 39spbentag Heed NeeRd) %%éﬁ!@?ﬁ?&%mﬁ”&? group
consisting of dimethylaminoethyl (DMAE), diethylaminoethyl (DEAF), trimethylaminoethyl (TMAE) and

triethylamiriBetiyg 'E’ﬂEj,h'ﬁnat%ﬁ?e%éﬂ@ib%i@?aﬁ‘lqul%ﬂ@@'ﬂfﬁﬂ{?ﬂ@lﬁ@ﬁofﬁ’@%r%ﬁ exchange
adsorbent tisegdratiep @htarRadsinidae 9. besds-inafedumaitia ol esianenifidecording to a
preferred e iment.of the invention, the anion_exchange adsorbent used in step g').consists in a
bonca ol R el BOS & S A s ot 43 R Dl o
Chains (e.d Sexarsh ieainspee ctefapmety ot tActemaesatirenefidial grbispsier prdursireloddscribed are

attached tojeghains Shavah < hemisalbosiable.Rands(rasaiberpends). Brelesreskiunetignal groups
WO 2010/130753PCT/EP2010/0564§9%°T%3 of thebea s-fg&medgﬁtrixare trimethylaminoethyl (TMAE).

According t58t98%%ﬁimﬁ@%3@ 78 BERH LRSI EF RIS have a diameter higher than the pore
size of filterscasatinprithe iérdrcatidrdiep i’ )ofT tre Ddatwof thebdadriemiied as previously

20 described, the clarification step (step h)} is performed after the step e) of recovering the
Orthopoxviruses from the culture supernantant and/or the packaging cells.
According to another embodiment of the invention, step f) of addition of monovalent
salts to the Orthopoxviruses recovered in step e) under suitable conditions to inhibit the
nuclease(s) activity and to avoid the adsorption of said Orthopoxviruses to the anion
25 exchange adsorbent in step g), is not performed.
With this regard, the present invention therefore also relates to a method (i.e. Method B)
for producing and purifying a wild type, an atienuated and/or a recombinant
Orthopoxvirus, comprising the following steps:
a’} preparing a culture of packaging cells;
30 b infecting the packaging cel culture with an Orthopoxvirus;
¢') culturing the infected packaging cells until progeny Orthopoxvirus is produced;
d’) incubation in presence of one or more nucleases;

e') recovering the Orthopoxviruses from the culiure supernatant and/or the

packaging celis;



matrix have therefore preferably a diameter higher than 8 pm, more preferably a 5 diameter comprised
between 50 pm and 150 pm, more preferably a diameter comprised between 90 pm and 120 pm, and
even more pretétdH P& ameter of 120 pm. Based on the present chardSEFRBHE B invention, the
beads of the beads-formed matrix caring the Orthaibxviruses will be retained by the filters during the

clarification stey hihasoueleastie collassiehlissAnierserbangs assghenisERasisting in
beads-formed matrix 10 used according to the invention are preferably autoclavable. Autoclavable
anion exchange adsorbents conslsti |n%e5@§§oﬁ9%ﬁsm%?ﬁ9%ﬁv@a|%§/ B MHRERRBEY and some
of them are commercially available suthigsdod imsiangy UNOsphere0 Q (BioRad), UNOsphere0 S
(BioRad), STREAMLINETmM Q Sepharoseq Xl (Amaisham Biosciences), STREAMLINETm SP
Sepharose(r) XL (Amersham Biosciences) or 15 BioSepra(r) Q hyperZ (Pall Corporation). Preferred
autocla¥able dhilofPERHAgEDTRSHIENPEEHIRSIHY $HPR bhXHELBinTEPM SFB0aRed rafisg RS the present

invention is UNQwghareés (BleRach and BiedemsatapQrbysreide (Bathspmpmiaiianind NGgpbere0 0

(BioRad) consgstsdsi’n hydrophilic spherical polymeric beads having a diameter of 120 pm and carring
trimethylaminoect'hyr (TMAE) functional groups. BioSepra0 Q hyperZ (Pall 20 Corporation) consists in
highly dense angl ganbirgzircomivivrdiokid gkt sthavingadiamerriefabdiivds onalovd tearring

quaternary aming &-vactians| SiRiRsieptap 9') of contact the mixture obtained in step f') with an anion
e adsqrbent wherein said exchange adsorbent consists in a beads-formed matrix is preferably

exchan ) . .
perfor?ﬁed accor BN b RO AL SR BB RS ERA PP HS A 8181 8L 4® O hyperz (Pall
25Corporationj)isarsedirdibeptding ioLaa otiteinpieifested @mbodiment of the invention, the anion

exchange adsgiiaghser/in3tpaa) CONSISIRIN. D REANG, FHAStanal groypa Y the membrane can

be as previously descri 8 Preferred functional groups of the membrane are trimethylaminoethyl
(TMAE). Acti§RImbtoraspreptine @errbiiunin ohracfreingvesisosere s sier Mihperyealian etep g) has

a pore sizeLonprisetbaekygiag dedvdSapenicare pefensddy a pore size of 3 pm. According to another
Cize of DO oL a0 T o ForE Ay & TP SBR G TR e pion
exchange afsoigstntsaldhsistcipiing eelimehise wihanstidpdedusias orivdoahydisernibedVO
201011307§%?)CJYE§2&§Q/|%5@ﬂQﬂez4nfected packaging cells until progeny Orthopoxvirus is
produced refers to step ¢) of culture of the infected cells until progeny Orthopoxvirus is
produced as previously described.
20 Step d') of incubation in presence of one or more nucleases refers to step d) of
incubation in presence of one ar more nucleases as previously described.
Step e’) of recovering of the Orthopoxviruses from the culture supernatant and/or the
packaging cells refers to step e) of recovering of the Orthopoxviruses from the culture
supernatant and/or the packaging cells as previously described.
25 The Orthopoxviruses recovered in step e’) are then incubated (step f)) in presence of:
1. one or more agents capabie to inhibit the nuclease(s) activity,
and oplionally
2. one or more stabilizers.
Agents capable to inhibit the nuclease activity include but are not limited to chelating
30 agenis (e.g. ethylenediamine tetraacetate (EDTA); diethylenetriamine pentaacetate
(DTPAY); nitrilotriacetate (NTA)), monovalent salts (e.g. NaCl or KCI), proteases,
phosphate, monovalent cations (e.g. Na*; Li*; K*; Ag*), guanidine hydrochioride and
ammonium sulfate. Chelating agents such as e.g. EDTA, DTPA or NTA, remove metal

ions (e.g. Mg?"; Mn2*) which constitute, as previously described, essential cofactors foi'



of them are commercially available such as for instance Sartobind0 75 Q (Sartorius). Anion exchange
adsorbents consisting in membranes used according to the invention are preferably autoclavable.
Autoclavable %ﬁ’&ﬁ%&%‘ﬁ%ge adsorbents consisting in membranes havgér%y)&ﬁéﬁldescribed and
some of them are 5 commercially available such agfor instance Sartobind(r) 75 Q (Sartorius).

Preferred amS@cgt\mhcjf aniancqaé'é:gas Qgemg,sﬁpb@ﬁt camistingdn mg@gm@ra[{@@c%gliqghtc@h@e present
invention is, Sartohind(r). 75 artorius). When step g') is performed with an gnjon exchange
acisorbont SRR AN P ERRRR R A RBFARESE (R TG SREB Wb DA i cAlibg the
withdrawal pfefeeabblalea0d Si9Gsinid.nBhoepbiteda Tier cetintavatiet ks e (BapriNeetaiiedhy anion
exchange MgMNANES (asIRIEMAUSH Herrihedl ured i sierdioR Bl R iorIantiraten pivhe mixture

obtained in step g') refers to step h) of clarification of the mixture obtained in step g) as previously

describd. KEEBHIMy P pReErRAEHABYBRALHR St R iIRASHiRh e IR GNP rifasFmaY with 15
an anion exchangs agsarbsntibei() alde adsdaiimeth matiXestepehipodmeeatpregededdnienstep
allowing the re f said. b - rix_cari t XVir . With this regard, said
step is per%hr?ne \@L&gﬁ%%g% ?ﬂﬁeiré %e%%dﬂg%’géﬁq%é%@ % %é?e@i%gglgl\?}v%e%ﬁfﬂgna fe ﬁgizae'gg:‘ the beads
beads-form@armataierai¥ortiignedineing datispcairicptrd Bive Hechl Meeicbligsiiyeoinprided between

10 and 10?cer?lba@fﬁ§%?w@;@me@]§/@@g%'§e§trﬂ li’!;QQ tﬁ%g@@%ﬂ@f@ﬁﬁ?ﬁﬁ?%hﬁ%?ﬁ?@ﬂakﬁillt%ffj@ﬁ%s used
accor (0] e inveniion are erera autoclav e. AUlOoClavabple_ tiite agds nave alrea een
oo A AR e e A R VOTE T G S R s o AR RPEGH Fiver
Bags (CUN@)ipihibee miplehrestatifpitifistep Bagse engndlBI&E S48 1 0rd62H, 0050, 0dD)nore
polyester/oQRIRRIETARFINGE B8 {5 B.EES 0910028405025 6190 Angyon

monofilament Felt Filter B?B?S (e.g. NB NYS'0025, 0050, 0100) are preferred. Step i') of e ufion of the
OrthopoxvifiERMR S2E8RIESA ENRBrIEmGYRISASS et WaltsSiHBWs IHR MetBYaiY stith@tdptured

Orthopoxvithestifrg ragdresaniefcexoh ange! acsoRmEM, Mahevsle prsratisbiiserdicloderimtzg not
Iimiteq éo N@BT%?'% %ﬂ Fsr%ergﬁg %qnn&%%va}legﬁ]salts used in step i') are NaCl. According to one
of the' r% ion. the el g

embodiment einve elution'1s pérforfned by an increasing monovalent salts concentration

gradient, rafvsATipeie tABI RSS! Sen BisMmeresrep ererabigarerTissHorivERn AdianEdh fnore
preferably sl tackwobh AGCoRdiIRAEIORRMSE Rbadinea; af the dngentian Jbe abdtion is
performed E;/( é;\mspi[égi?.-step elution at a concentration of WO 20101130753PCT/EP2010/056491 25
According 1o the invention, step ) is performed at a temperature comprised between
20 2°C and 8°C, preferably at a temperature comprised between 3°C and 7°C, more
preferably at a temperature comprised between 4°C and 6°C, and even more preferably
at a temperature of 5°C. According to the invention, the duration of step ) is comprised
between 5 minutes and 20 hours. In a preferred embodiment of the invention, the
duration of step ) is comprised between 2 and 20 hours, and is preferably 18 hours. In
25  this present embodiment, the Orthopoxviruses obtained in step e’) are also incubated in
presence of one or more stabilizers, in addition to agent(s) capable to inhibit the
nuclease(s) activity {(as previously described). “Stabilizers” refers in step f') to agents
allowing the preservation of the Orthopoxviruses during the treatment with agent(s)
capable to inhibit the nuclease(s) activily in said step ). Stabilizers include but are not
30 limited to saccharides (e.g. sucrose, frehalose, sorbose, melezitose, sorbitol, stachyose,
raffinose, fructose, mannose, maltose, lactose, arabinose, xylose, ribose, rhamnose,
galactose, glucose, mannitol, xylitol, erythritol, threitol, sorbitol, glycerol), amino acids
(e.g. Gly; Leu; Lys; Arg; Asp; Val; Glu), detergents (e.g. Triton X-100; Tween such as
for instance Tween 20, Tween 80 or Tween 85) and salts (e.g. NaCl; KCI). According to



monovalent salts which is below 1M, preferably comprised between 300 mM and 750 mM, and more
preferably of 500 mM. According to the invention, step i') is performed at a pH comprised between 7.0
and 9.0, prefePaBRPIERIEEN 7.5 and 8.5, and more preferably at a pH of S HEREEUPEiHY to a preferred
embodiment of the invention, 5 the solution compriging monovalent salts in step i') is a

pharmaceuficalyacceriabipipointion grMRVisiRgHLOOMM Trisildels Sugiase iﬁ%e(f@?’)’fqéo M sodium
glutamate and 50 mM NaCl, pH 8.0 with physiological osmolarity (290 mOsm/kg) (i.e. SOB buffer).
According tP6REF PreretdPEBhRANBIRR INGERiing RS It EBNPRSAGFHERIPIent salts in

step i') is a phssncheensticaligdcceiaialileisolutionangennpdsing 100 WLinstanpestetsishp e, gL

ieth lami - ” i".of i f the.O i ith [uti
retrenoianne o AR R o 1 sl aLle PSR g olten

ent salts IS prefera . aqcor e conaitions descri
4, whefein thetaimiseeidipeliforaseatplasahEiensmysioy R T @ stienee38B fir).400 mM:;

5:?0 mM) inw@f@ﬁmmm%@@e@ﬂat@_faemgeﬂmmtiﬁa@f Enfe e l@@@i&a]giaaf%eﬁléi)a%&om@h? )
elimination of the proteins ent aiq flow thro ractions.. In a preferred emhpodiment of the
invention, tﬁqeégc%fgg%t 1’51%‘0%@% p%%%gpe%%?%g@%ﬁ 'gn i%fiﬁ??’ﬁ%ﬁ“(aépﬁe?ﬁ%mﬂﬁ? Eﬁ c‘f%’eg n step j)).
In another prefeneetembedivtientahthslimyehd aiatives conideniy sttonrdtdie) Jobi perfoompds2@by
ultrafiltratiop, (g5 e s deserbetinsiendhinteRde) f digfieaHan ¢f g fraction comprising the

Orthopoxviruses gbtained in step |') refers to step k) of diafiltrating the fraction comprising the
OrthopBxviriE8sTaRARMEEPH giégﬁmg‘f%@mawh&%wmdwﬁbﬁﬁré@m FEDREERAEPHREMvention
can further siowerisede2 slitabsiemodigehdilitationrfiues siepdld) Oandpdxaistemad diafilatiané.e. step
m')). Step |0 filtrafi fers.to 1) of gel filtration. Step m') of diafiltration refers to step m) of
diafiltration?%é%ﬁiﬁo%g%%é%éﬁ?ﬁrﬁ\%%??gr%& each step from step f') to step I') of the Method B 30
previously déseriied indyeninysaiiet edery s deepesfomeeth &irfg b1 CrmsuisRsicoedMesnsTY e

OrthopoxvigisesriidpEBEERER 6L NS AIhMQNS slaPHiZRsDréredesonareinof stahilizerss refedsHo agents
allowing th re?gﬁrv tion of the Orthopoxviruses. Stabilizers include but are not limited to saccharides

(e.g. s1 cro Al0kse, sorbose, melezitose, sorbitol,
According to the invention, the duration of step ¢’) is preferably comprised between 1

and 3 hours, and is more preferably 1 hour (as described in Example 4).
According to the invention, the functional groups of the anion exchange adsorbent used
in step @’) are primary, secondary, tertiary and quaternary amino group such as for

20 instance dimethylaminoethyl (DMAE), diethylaminoethy! (DEAE), trimethylaminoethyl
(TMAE), triethylaminoethy! (TEAE), the group ~R-CH(OH)-CHz-N+-(CHzs)s (also named
Q group; see Streamline® resins, Pharmacia) and other groups such as for instance
polyethyleneimine (PEI) that already have or will have a formal positive charge within
the pH range of 7.0 to 8.0. Preferred functional groups of the anion exchange adsorbent

25 used in step g') are selected from the group consisting of dimethylaminoethyl (DMAE),
diethylaminoethy! (DEAE), trimethylaminoethyl (TMAE) and triethylamincethyl (TEAE),
and are more preferably trimethylaminoethy! (TMAE).

The anion exchange adsorbent used in step g’) can consist in e.g. a beads-formed
matrix or a membrane.

30  According to a preferred embodiment of the invention, the anion exchange adsorbent
used in step g') consists in a beads-formed matrix. Matrix can be e.g. agarose,
hydrophilic polymer, cellulose, dextran or silica. Chains (e.g. dexiran chains) are
coupled to the matrix. Functional groups as previously described are attached to the

chains through chemically stable bonds (e.g. ether bonds). Preferred functional groups



stachyose, raffinose, fructose, mannose, maltose, lactose, arabinose, xylose, ribose, WO
20101130753PCT/EP20101056491 26 rhamnose, galactose, glucose, mannitol,xylitol, erythritol,
threitol, sorbitgf?dﬁ}g’aﬁ(gff,samino acids (e.g. Gly; Leu; Lys; Arg; Asp; Vaﬁ%’iﬁﬁ? fg?é%lnts (e.g. Triton
X-100; Tween such as for instance Tween 20, Twé&én 80 or Tween 85) and salts (e.g. NaCl; KCI).
According t§ a preferreg frabadiaent afdhg invertionithersiabilizeis ysaiinehiaestapgeidncubation

harid , ferabl h LA dj the i tion, th ti f
cacoharosd ToBA T s GErPBr TrcHOoRIBIR o PARDTHER 5 EoB QAN BrraBEr < 2o gl
According fothesinveritiierthesethliliZbe s adicaiéoocstaprisdd The lseidsont dhadistdg-raed
pharmaceyligglly ﬂSGSpﬁ%&%'%@%%&pgsmgﬂ&gm%m?ﬁ%a§U§§FF?,S%§%? (Wodrdymi sodium

glutamate and 50 mM 10 NaCl, pH 8.0 with physiological osmolarity (290 mOsm/kg) (i.e. SOS buffer).
According famEReTBIStAOLBAN AN & AR EPEoMn R RTe{ssBRis f BmRiRtiFy i ised
pharmaceusiemibeaceptableisaoten eamhpvisingdar psitamaesy a Hrisratdfar] d20ipthaBadathore buffer or
a phospha er, Accarding. tq.the invention, this st in jon in | o ilizers is
pertormed Lo bR s B s e e R e el T e

preferably e @rthopswinmesonding tswacaantierere duragdhosimibosiign starciibatovelh presence

31: SFabi|iZt?fa“si?rﬁﬂé;ﬂd%?ﬁ;@&ﬁ‘g&eﬁﬁiég%@HQ@Q%%S_T&”M%?fﬂ%é@&fl&?ﬂﬁ%fﬁaz{%rﬁ@mding to
ein nton, IS Step Oof INCu 10N IN presence o apllizers IS performeq at a te erature
oo B S A B e AP P el EraRL R ER o PR BCAlIR 7C. more

preferably akahtarppeerddurecctsnpnsddite twbdesdbiSanms & Cadid evenainerdypbefar alslycabead

temperaturg of 9 d IS §i6R AFEURAIGRIMPIRERAER W RIRRIIZRIS IS RIRIE ARy O esmed In
presence of 5£F%L saccharose durln%}]é%gours at a temperature of 5C. Accordlngé% another

embodimeABOFR® MEHSPREETRhE | Bh & feMBHNF D5 Qe sterbatrss® chrifftagtinatep (step h)
is performegigftairites step FIRNVEOEETing Rheselsthopm®irges(ioardherc ulBisecse e amant and/or

and St S TERS B, i Sy BT VLS oot 0 Bred oAb more.
particularlyaesafégnb eonsahoad (i.e MarmiProes) forrogaenignthdrpihenarrpeniviilepdiends
attenuated gReYQsrRFESANIERANJ) and BioSepra® Q hyperZ (Pall Corporation). UNOsphere® Q
(BioRad) consists in hydrophilic spherical polymeric beads having a diameter of 120 um
and carring frimethylaminoethyl (TMAE) functional groups. BioSepra® Q hyperZ (Pall
20  Corporation) consists in highly dense and porous zirconium dioxide beads having a
diameter of about 75 uym and carring guaternary amine Q functicnal groups. Step ¢') of
contact the mixture obtained in step ) with an anion exchange adsorbent wherein said
exchange adsorbent consists in a2 beads-formed mairix is preferably performed
according to the conditions described in Example 4, wherein BioSepra® Q hyperZ (Pall
25 - Corporation) is used.
According fo another preferred embodiment of the invention, the anion exchange
adsorbent used in step g') consists in @ membrane. Functional groups of the membrane
can be as previously described. Preferred functional groups of the membrane are
trimethylaminoethyl (TMAE). According fo a preferred embodiment of the invention, the
30 membrane used in step g') has a pore size comprised befween 1 and 5 pm, and
preferably a pore size of 3 pm. According to another preferred embodiment of the
invention, the membrane used in step g') has a pore size lower than the size of
Orthopoxviruses (i.e. 200 nm), and more particulariy a pore size of 0.1 um. Many anion

exchange adsorbents consisting in membranes have already been described and some



Orthopoxvirus, comprising the following steps: a") preparing a culture of packaging cells; b") infecting
the packaging cell culture with an Orthopoxvirus; WO 2010/130753PCT/EP20101056491 27 c")

culturing the iMt&cteY Bdkaging cells until progeny Orthopoxvirus is prod&GE8d2iitibation in
presence of one or more nucleases; e") recavering the Orthopoxviruses from the culture

supernatangriler the 2BackaginmCcalgiablkinghating the,Orihopaxyirusgs serR¥eredsn gep e”) in
presence of;. 1, one or. more agents capable to inhibit the nuclease(s) activity, and gptionally 2. one or

more stabil@eaﬂg?ritffd"f@é?ﬂ GTHE ASRIRE GHERRRR NP P ¢ MimReaH Sriredinhie™ isorbent
under suitaliesotndlitiares wamm%MNem&sa@@ﬂbMEviam a;xdhmdeicaaisiﬁlﬁ;ehtb) cIarifying
the_ mixtu_reég}a@gag i%s%grgaéﬂb%erh%ggag‘%gggdg%s_ @egg%éh%%t@l@g\/%pft %?nc%uglar debris;
'15i") eluting the Orthopoxviruses with a solution comprising monovalent salts; ") adding monovalent

salts to%the SrRPGRIYUREEIRNRSUF sBSp P iRSSROER Bl eR BRISSrpaitrsEshidBfeGgoxviruses
to the anioexehange: asisorbertiarmienisbroent consisting in a membrane according to the

present invention is Sartobind® 75 Q (Sartorius).
When step g') is performed with an anion exchange adsorbent being an anion exchange
membrane, the following step h’) of clarification {allowing the withdrawal of the cellular
10 debris) is not required. The cellular debris have been retained by anion exchange
membranes (as previously described) used in step ).
Step h'} of clarification of the mixture obtained in step g’) refers to step h) of clarification
of the mixiure obtained in step g) as previously described.
According to a preferred embodiment of the invention, when step g') is performed with
15 an anion exchange adsorbent being a beads-formed matrix, step h’) can be preceded
by a step allowing the removal of said beads-formed matrix caring the Orthopoxviruses.
With this regard, said step is performed by using e.g. filter bags having therefore a pore
size lower than the size of the beads beads-formed matrix. According to the invention,
the pore size of the filter bags is comprised between 10 and 100 pm, preferably
20 between 25 and 100 um, and more preferably 50 um. Filter bags used according to the
invention are preferably autoclavable. Autoclavable filter bags have already been
described and some of them are commercially available such as for instance CUNQ™
Felt Filter Bags (CUNO) wherein polyester Felt Filter Bags (e.g. NB EES 0010, 0025,
0050, 0100), polyester/polypropylene Felt Filter Bags (e.g. NB PES 0010, 0025, 0050,
25 0100) and nylon monodfilament Felt Filter Bags (e.g. NB NYS 0025, 0050, 0100) are
preferred.
Step 1) of elution of the Orthopoxviruses with a solution comprising monovalent salts
allows the recovering of the captured Orthopoxviruses from the anion exchange
adsorbent. Monovalent salts used include but are not limited to NaCl and KC!. Preferred
30 monovalent salts used in step ") are NaCl. According to one embodiment of the
invention, the elution is performed by an increasing monovalent salts concentration
gradient, ranging preferably from of 0 to 2.5 M, more preferably from of 0 to 2 M and
even maore preferably from of 0 to 1.5 M. According to another embodiment of the

invention, the elution is performed by a single-step elution at a concentration of



k") contacting the mixture obtained in step j*) with an anion exchange adsorbent 20under suitable

conditions to allow the ceg)ture of nucleic acids; I") washing of the anion exchange adsorbent with a
solution compt&lilPdhGYalent salts under suitable conditions to recoveFTEP A EIAEY
Orthopoxviruses in the flow through; m") concentratig the flow through obtained in step 1*); 25n")

diafiltrating i sagten samprishng the QrpapoxvirusssreRisipedin stebdmbhiwiep a3)@f pigparation of
a culture of ckgain ells refers to step a) of prgeé)aration of a culture of packaging cells as previously
I

described. 8%8p’ 1BRHIR WP tRES [FERRY o o LRIT AN G OMA dPESARTs Ri#8rdtPstep b) of

infection of pheqraekbajiagEedocuttiredvtitines Of th godXusrate prigyibeste e 3¢Tibed 8.30a5tep ") of

culture of the J ' ntjl V. Ort US| e e p c) of
e o 1 e el Ao o P S Y Qiep

of incuBatidASnSArih EEBPEHB M EAHICIS8%R I SHERS td Step RIPETRIAWNSABA AYGsiaBISce of one

Or more nugleases astyeyayshoaesCTieE CIVQCPAE0EYB QA3 PLTARP 204 Q%048 2% and
Stepe")ofrecoveri e Qrthopoxvirusesfromtheculture su atant or th ckaging cells
meutabe g U e R g e P R S Rl
packaging ésitordinpréviothsly desferibddersSudjrie)isf dicihbativedicmelGrtholbbgvirtosiigogvered in

step €") in prERENAS R SAILONE QEFPI8:2eHaFARBAIRARINBEIBE IS ULRASR (BhARHMRG ad optionally

(2) one or more stabilizers, refers tg step f') of incubation of the Orthopoxviruses recovered in step e')
in pred@ncdBf315%Re BF ’a@éﬁ’ﬁ@Eaﬂﬁm@?ﬂfﬁﬁﬁﬁ&ﬁemﬂéfgﬂﬁ(@i%ﬁﬁ@? aha ety (2) one
or more statyilitersQab qrexitrushs dedoribedollifGie pagipadiogntash dhelsnixtsaiesokiapne@iabstep ) with

an anion exahange adsarban Uadet sullahle condilansdqralouihe ARINS 9L SR QibRoxViruses

and nucleic acids, refers to step g') of contact the mixture obtained in step 1) with an anion exchange

adsorbent WsHEr8afaN e tEKaRFSHON NP IReERIRNT €8EEIH (CHHONbAAPEAE &AB MBI acids, as
previously dggcrirest,

15 Step J) of concentration of the mixture obtained in step i') aliows the elimination of the
proteins present in said flow through fractions.
In a preferred embodiment of the invention, the concentration step ) is performed by
rmicrofiltration (as previously described in step j)).
In another preferred embodiment of the invention, the concentration step ) is performed
20 by ultrafiltration (as previously described in step i}).
Step k') of diafiltration of the fraction comprising the Orthopoxviruses obtained in step |}
refers to step k) of diafilirating the fraction comprising the Orthopoxviruses obtained in
step J) as previously described.
The present method B of the invention can further comprise .
25 1. a step of gel filtration {i.e. step 1) ; and
2. a step of diafittration (i.e. step m’)).
Step I') of gel filiration refers to step 1) of gel filtration.
Step m) of diafiltration refers to step m) of diafiltration.
According to the present invention, each step from step '} to step ') of the Method B
30 previcusly described may be preceded by a siep of incubating of the sample comprising
the Orthopoxviruses in presence of one or more stabilizers. As used herein, “stabilizers”
refers tc agents allowing the preservation of the Orthopoxviruses, Stabilizers include but
are not limited to saccharides (e.g. sucrose, trehalose, sorbose, melezitose, sorbitol,

stachyose, raffinose, fructose, mannose, maltose, lactose, arabinose, xylose, ribose,



15Step h") of clarification of the mixture obtained in step g") refers to step h) of clarification of the
mixture obtained in step %as previously described. Step i") of elution of the Orthopoxviruses with a
solution compWQﬁ&l?HSWg alent salts refers to step i) of elution of the OFfhEBeRIEEE with a solution
comprising monovalent salts as previously describ2gl. 20Step j") of addition of monovalent salts to the

OrthopoxvirdgamseYigarivlutegiiRaiep halays ugte), sHabie coneanditianido ayeiddne
adsorption of said OHho OX\%@SGS to %?/r%ior_l engcha e adsorbent in step k)_(i.e. tqQ avoid the

adsorption BFYABrATRSH 8 o5 F GRftro W tHE'aFoR SRR aRBrHERe THE 8 ore nucleic

acids (e.g. DEnosughnal FﬁmfauiﬂeriaedT tockre %&1iﬁwm@ngxeTaMrkﬁr)téncsmitdK'Oa..MdMum;ilent 25
salts "”C'U‘?&:B%ééﬁre%tg“{&'E?Br&‘?%'hlégle%%%%n?B?ft%%f‘?‘ﬁbg}ﬁféﬂ%%r&ééiﬁééﬂé?%éH fiapd) are

NaCl. According to the invention, the concentration of monovalent salts in step J") Is in a range of 200

to 300 FhM SERI PriEvetaplie R 80ensREEaSIEHANY RS ansiPta tivesrrrdiie e SteR 9"y irgpertbemed at a

pH comprisaddpabreare tehaselRidnpseaixrbeiwesn i shansi§fancumnaishpiateklyiqd a pH of
8.0. 30Step k'),of contact, of the mixture obtained, in step j.\). with an anion.exchange adsorbent under
uitable coRtABIE (O 18 BTl R e S D P e hture
obtained inG&ted# eAthraisethioneeschdingecaasisiibemfunddesuicabldictlyditivastab @lleaitien capture of

nuceic acids AsRIRYioBMACRGIRRY,; JHR 20 L0(1A0FEIBGHIERZARAGRR494:2% SieR gt washing

of the anion exchange adsorbent with a solution comprising monovalent salts under suitable conditions
Ris

to recOter B AR IRIRNSIAQISRICHMAETR MR-t SRP BHEPRARTRE B the anion

exchange adstimbentavitbrg sokitidabidoene)sicmn nienovalprissalis undertgistalkieneatidiiaisdo recover

ihe remained 301 RBANUSESIBU M BIRUS AR URXOYS essrhed, Sog g copcenrator

of the flow throug tained in step ") allows t n of the proteins present in said flow

through fra&tRifane larpistrriigremvb afRERPRIERETRUNRRICING KoM MMEIdANstENsNS R Performed
by microfiltiab@betan pexiessiyelessibardiSicpaliotanathepareridamdisent ok e invention,
1 of Lo PR TR oA g e B G R ATE GErd FELth Sheg e AR e s 19
of diafiltratithgthevéraistiontcendpriging the Dithspoxefrinaboitairnedrirestapy) ofs gebiliverslyiglescribed.
The presertdpeihad Gl InveHAhgasb IHEhe! SRNRIRE predraBisted RbgS! lLafigndie. step 0%) |
and 2. astetgeo irtc\lflea;zltlitcgﬂflct)gis(l'sefegteo% Fi)rl;t:{lbatior1 in presence of stabilizers is petrformed at a
temperature comprised between 2°C and 8°C, preferably at a temperature comprised
20 between 3°C and 7°C, more preferably at a temperature comprised between 4°C and
6°C, and even more preferably at a temperature of 5°C. This step of incubation in
presence of stabilizers is preferably performed in presence of 50 g/L saccharose during
18 hours at a temperature of 5°C.
According to another embodiment of the Method B of the invention as previously
25 described, the clarification step (step h’)) is performed after the step e') of recovering
. the Orthopoxviruses from the culture supernantant and/or the packaging cells.
The present invention also related to methods that combine step(s) of Method A and
step(s) of Method B, as previously described.
With this regard, the present invention more particularly relates to a method (i.e. Method
30 C) for producing and purifying a wild type, an attenuated and/or a recombihant
Orthopoxvirus, comprising the following steps:
a”) preparing a culture of packaging cells;

b"} infecting the packaging cell culture with an Orthopoxvirus;



Step 0") of gel filtration refers to step I) of gel filtration. Step p") of diafiltration refers to step m) of
diafiltration. According to the present invention, each step from step ") to step p") (and preferably 20
each step front' &P KS%S3step p™)) of the Method C previously describe8THAYBEHIEEEded by a step
of incubating of the sample comprising the Orthop@xviruses in presence of one or more stabilizers. As
used herein, "stabitizgigkefensinrasaisalUARg thedntesenmtion gidhe QnhrRNIRdses Stabilizers
include but are not limited to saccharides (e.g. sucrose, trehalose, sorbose, melezitose, sorbitol,
stachyose, 25 raffifB8&%%ructose, mannose, maltose, lactose, arabinose, xylose, ribose, rhamnose,
galactose, glucose’)mnanpatidnxylicsengthot oh¢hreitakesarbitakadycerol), amino acids (e.g. Gly; Leu;
Lys; Arg; Asp; Vals» i -100; Twegen for | ce Tyeen 20, Tween
80 or Tween 85) gng%ﬁgg(@gqlﬁgcwg%&ggﬁ?ﬁin%}% f‘ %re%r@gﬁagﬁ?ﬁ%ﬁ%ngﬁﬁt%o %% i%éention, the
stabilizers used irP85{8tep Gt Ficubation 30 are saccharides and more preferably saccharose.
According to the inygitipatiibereooeepbatinneisaseharesenused §Mithisaiepnekiscubation is in a range
of 25 to 100 g/L, and preferaply is 50 g/L. According to the invention, the stabig er% canb

comprised in a solution ConZSiIPSt}ISr?ge St é% Bhea? %nég&%g%$e§80|gg A eéngft%%%s% Sﬁwf) ?'s?‘f'rgé #8®mMm
Tris-HCI, sucrose 5% (w/v), a@tipmidiigodium glutamate and 50 mM NacCl, pH 8.0 WO
2010/130753PCT/EP2010/0564 21 3 nwithehysindagicalosmolarity(290 mOsm/kg) (i.e. SOB buffer).
According to the inyention, the stabilizer(s) can be comprised in a solution consisting of a
pharmiceutically BeEPtaRIa G BRUERHIgIRG ST HRanty HIAS BURSSXHRNPRASRIMRR buffer or a
phosphate buffer.uAdeoreliitgtie theniditientiomn, thisvstér ofabtineubatieidiniptesenci aistakilizers is
performed at a pl—rlucjchqgﬂ;p{aiagg_ between 7.0 and 9.0, preferably between 7.5 and 8.5, and more
preferably at a pH of 8.0. According to the invention, the duration of this step of incubation in presence
of stabilizers is cdmpHaed BedhesAXIUBROSREEZ0IM 6ifR, N drHBFS piaRisatydiiPRB UpsaR¥tording to
the invention, thisiséepiiiipadbation tepiesereri®f stabilizers is performed at a 10 temperature
comprjsed betwee) .and 8 referably at a temperature comprised between 3C and 7C, more
preferil ly at a ter’w?pei%’qa'f'&e go%rynr@ﬁgg o ﬁ%c‘e"ﬂ%ﬁ oﬂ@%ﬁ?‘é@ﬁ%&%'ﬂ?&%@ﬂ%ﬁ?‘%ﬁ ata
temperature of 5¢) Bhdngepcobividabasials itogresOnbemhbstalstzerbiisieferbly) pedotarad in
presence of 50 gk Saeahasase phisiner B BeRg IRmeeTRle liBC oinasoulgiaanener
embodiment of the Method C of the invention as previously described, the clarification step (step h")) is
performed after tl'?éegtéﬁ;e") of recovering the Orthopoxviruses from the culture supernantant and/or
the packaging celtd) dwtactingtie hepressntimse nisipthy samplesompisiatthedostbepoxviruses

obtaing ater eag sleg, gt e JSHods of e piRseabiINepfign Y bg preserved by 20freesing wel

] in the art. According to the invention, the methods of the present invention
are performed at B pHashinprisedietieen 7e8%RE 0agrefeeablyviBtweaeRiBRNEPSIB%iNg more

preferably at a pHrf8vdient salts under suitable conditions to recover the remained
Orthopoxviruses in the flow through;
m”) concentrating the flow through obtained in step I');
25 n") diafilirating the fraction comprising the Orthopoxviruses obtained in step m”).
Step a”) of preparation of a culture of packaging cells refers to step a) of preparation of
a culture of packaging cells as previously described.
Step b”) of infection of the packaging cell culture with an Orthopoxvirus refers to step b)
of infection of the packaging cell culture with an Orthopoxvirus as previously described.
30 Step ¢”) of culture of the infected packaging cells until progeny Orthopoxvirus is
produced refers to step c) of culture of the infected cells until progeny Orthopoxvirus is
produced as previously described.
Step d”) of incubation in presence of one or more nucleases refers to step dj of

incubation in presence of one or more nucleases as previously described.



In a preferred embodiment of the invention, the Orthopoxvirus is a Vaccinia Virus (VV). 25 Preferred
VV according to the invention are VV as described for instance in patent applications

PCT/EP2008/B89P26 #{520091065546 describing VV comprising defe EGERALIYRISE FAL gene(s))
or PCT/EP2008/009721 (W02009/065547 describirgy VV comprising defective F2L gene). In another

preferred egipgdiment ofthe jaxstion, the;Prthapoxwims io:a raedified Boyvaceipia Vigyg pnkara
(MVA). Preferred MVA according to the present invention are MVA as deposited before Collection

Nationale d&@RINERIE AR oSy RRSHAENEC BT 'GifiEr HeptigRak) NPL-PRVRIVA fstiEcace
V0012070 préimohbdAViA:EN (BRARKCVIO088301e8) ativOa20/10/1R0FE3RGINIEFRAD Ha/@56481s81 The term
"recombinqggs(gﬁ%qpoxvirus" refers to an Orthopoxvirus comprising an exogenous sequence inserted
in its genome. As used herein, an exogenous sequence refers to a nucleic acid which is not naturally

presen?in thiepAreRt ORsRBERVAUDS RNHBHRTIRCAMT % dy SHIUS 30 RSREAR AL a
molecule haringrardire eidests apdbRCtly iststaxis fubeies(Bcalischn@dirRaybraieric, we
mean that the molecule encqded by the_exogenous se nce may itself be toxic (for, example ricin,
o e T S R T e R oS [ A 3P
deoxyribon&¢lmagesPseridbihoprs @xORIAZENtT tapadede midtibibksrdctesia(s) @iy product, or it

may act oncE%ig}%thg)edﬁg 9 fosra Qégm@epgpgyﬁpemggsﬁpggwﬁ)@ge of ricin cDNA is disclosed in

Lamb et al (Eur. J. Biochem., 1985, 148, 265- 270). In a preferred embodiment of the invention, the
exogelbusLEGUEAEE FOHRGIIENGYEHES RUBIRRILIYSIRP dcBliR ST BRIRRIAGBRIES G5IS08E Y relatively
non-toxic prodesgsictasiexodilignEovextumplesthe gory ok eytbSindaraviinase aadventssic

SHuorocytasine (545 FE) 48,0 14OIpWaGL O FL) (M £64] A72LENAS 89, 33) g erpes

simplex enzyme thymidine se sensitises cells to treatment wi agent ganciclovir

(GCV) or aéitbeniagvcsiterberdssydeincetirble. 48 BHrHSE 9 ediinet HiIe(1990tee\?Bi6EE, 608). The
cytosine degntbass,Rlsey-PANET deliexasme bushlvesSaesharomyces cerevisiae, may be used.

Th.us,_,gi pr%fterre L.em oclii T %nr%iogth? %g invler%ti%nl,f%f}g.suﬁijpiq}e_ngene e cr%gees eg_)rgteingf}}avpg a
cytosine de finds gctﬁlﬂy, Ahd'mBre ?ef@r’éﬂfy T?) otBirT 6PFEY 1" |5?o in EecR/ ed by patent
applicationsl&vitx88i544 81 MOUDSH185BEC RCIHER2608/080T2Y dascPIEH/EP2008/009721
incorporategkferej PR IR 1%Re ortNUiBdIBdeIth Brefpisd QeRmRIngHhOIdgRAK K Hses
produced according to the 25method of the invention are:
refers fostep I") of elution of the Orthopoxviruses with a solution comprising monovalent
salts as previously described.
20  Step ") of addition of monevalent salts to the Orthopoxviruses previously eluied in step
") allows under suitable conconditions to avoid the adsorption of said Orthopoxviruses
to the anion exchange adsorbent in step k™) (i.e. to avoid the adsorption of more than 10
% of Orthopoxviruses to the anion exchange adsorbent). Therefore nucleic acids (e.g.
DNA) only will be adscrbed fo the anion exchange adsorbent in step k). Monovalent
25 salts-inciude but are not limited to NaCi and KCl. Preferred monovaient salts used in
step |') are NaCl. According to the invention, the concentration of monovalent salts in
step |’} is in a range of 200 to 300 mM, and preferably 250 mM or 300 mM. According io
the invention, step |} is performed at a pH comprised between 7.0 and 9.0, preferably
between 7.5 and 8.5, and more preferably at a pH of 8.0.
30  Step k) of contact of the mixture obtained in step |”) with an anion exchange adsorbent
under suitable conditions to allow the capture of nucleic acids, refers to step g) of
contact of the mixture obtained in step ) with an anion exchange adsorbent under

suitable conditions to aliow the capture of nucleic acids as previously described.



MVA-FCU1 (see WO 99/54481) also called TG4023; MVA-FCU1-8 (see WO 05/07857); and
VV-FCU1 wherein said W comprises more particularly a defective 14L and/or F4L gene, and a
defective J2R YT EEE PCT/EP2008/009720/ 30W02009/065546 and FCT/EP2010/056491
PCT/EP2008/009721/W02009/065547). Other exa®8ples of pro-drug/enzyme combinations include

those disclesgg by Hagsiavecetial GMeh8GERGR). nmebevarious alkylabngageptmansiige
Pseudomonas Spp, CPG?2 enzyme, those disclosed by Epenetos ,&%o linsonBusza (WO
01111201 FEN SR B SLAPHR R0 o SR (PR SR & POt i
2010/130758® OMEP2000/05649 162 ¢aited evhsiihbeth gk eokid asebakge \auss tleat auith useful in this
embodimentqi e BHEHATY, IREIHGFBH ARNATJENLELI9. AkadE-RhBSRNARP S USEIHLI Lonverting

phosphate-containing prodrugs into free drugs; arylsulfatase useful for converting sulfate-containing
prodru@s intd freBMIgSERIBIBENIQY HiieHAsaserravie s teeRsivedihermolysin, subtilisin,
carboxypesidases)aicoatbepsins (§uab aswaihapgindBiasd ib)sthat amivsefid iepmriiing
peptide-coniaiping, prafiugs 15 free-lryas; Ralagylsarhoonentidases. sciil for converig prodrugs
that contain' D-amino acid substituents; caﬁ')o ydrate-Cleaving enzymes such as beta-galactosidase
and neuranfiidRI%Ss St ubfocedviErngeflytosyiated froordgeyinucheliiatings (aetarediousittamase

useful for capyerting druasidleriyatized withbetaraeiadns btpdassiudss and peoigitishamidases, such
as pezicillin V amitlz:l%se or§eni$iljin %ﬁmida e, yseful for converting drugs derivatized at their amine

nitrogens Wit BRERBTERER bF SHRFIRNREE PYrSBE E Qs @R RicV IS ¥aesarage. Arismatively,
antibodies withp enixyinditblaetivitygfatss fkadion cutheisirtgaializyhesxeansbe disiethtal Gorseest the

Prodruigs OfieRRIMIPCed % HLIERR AHN e HA N 8RR Bn A ALY 18Ls SoRink455)

Similarly, prodrugs include, but are not limited to, the above-listed prodrugs, e.g.,
phosphate-EoHERM G PrEYRLGY, ¥ERspIRESphate-containing prodrugs, sulfate-containing

prodrugs, papideraentairtg PO duas iRamnaasitmiediieaopsedrugs, glycosylated prodrugs,

bet_a-lq tam-containing prodrug?, OJ’E%%%EEEPEE% L'chg(zj_%hg{é(éxg, etae}]réude_- 20 containing prodrug_s_or
optionally substituted phenylacetamidé-containing prodirtigs, s- fludrocytosine and other 5-fluorouridine

prodrugs which can be converted. Esigmplatiabitstiotofiie. gtagethat can be derivatized into a prodrug

form for usgig s Breiniamine veerbi At NatdipitRddgectoposide, teniposide, adriamycin,
daunomyci%,} car margggén amingpterin, dactinomycin, mitomycins, cis-platinum and cis-platinum 25
analogues, %‘bf‘%a SHLFURTRETTE REERITLRhAHIL €18, 675,187), 5-fluorouracil, melphalan and

other relateficoitrdpgniarbstaresedn iaviemtioar emibostspandrthetexdganaisgete@nt peefsrabijpozyme

capabjf of cleayinadaraied RNA GpNA. J1p IRaeiykRNA e A IRbe.cleaped RNA or
DNA which is essené[ial to thé};‘ungtion g%%hé@%l(% ang cleavage t e%ur%ezu t%lcn%:% rﬁl‘eggtr?%r
preceded by a step of incubating of the sample comprising the Orthopoxviruses in

presence of one or more stabilizers. As used herein, “stabilizers” refers to agents
allowing the preservation of the Orthopoxviruses. Stabilizers include but are not limited
to saccharides (e.g. sucrose, trehalose, sorbose, melezitose, sorbitol, stachyose,
25 raffinose, fructose, mannose, maltose, lactose, arabinose, xylose, ribose, rhamnose,
galactose, giucose, mannitol, xylitol, erythritol, threitol, sorbitol, glycerol), amino acids
(e.g. Gly; Leu; Lys; Arg; Asp; Val, Giu), detergents (e.g. Triton X-100; Tween such as
for instance Tween 20, Tween 80 or Tween 85) and salts {e.g. NaCl; KCI). According to
a preferred embodiment of the invention, the stabilizers used in this step of incubation
30 are saccharides and more preferably saccharose. According io the invention, the
concentration of saccharose used in this step of incubation is in a range of 25 to 100
g/L, and preferably is 50 g/L. According to the invention, the stabilizer(s) can be
comprised in a solution consisting of a pharmaceutically acceptable solution comprising
100mM Tris-HCI, sucrose 5% (w/v), 10 mM sadium glutamate and 50 mM NaCl, pH 8.0



30 the RNA or DNA to be cleaved may be RNA or DNA which encodes an undesirable protein, for
example an oncogene product, and cleavage of this RNA or DNA may prevent the cell from becoming
cancerous. In‘gggﬁl Her embodiment the exogenous gene encodes ARG RN A. By
"antisense RNA" we mean an RNA molecule whicl3thybridises to, and interferes with the WO

2010/13079a3RCT/5Hy2RIEYRa649d b e ssipgoif oM@ MmBNA Mg UigrRIFLO8ERg BiRgateIn or to
another R\%A molelee within the cell such as pée-mRNA,or RNA or rRNA, or hybridises to, and

interferes Rﬁ tHE' & éfb% ﬁ%lgeé(ﬁgep?ﬁ'a BthadiBetife cﬁDngoi’ﬁvg?] %ﬁt,"fﬁe (gxggenous
sequence rebfacesthtchilyctimrebloble dedbdtive gempirsitie thwgetselhcEhere &ie sewiéeal thousand
inherited geneic Aiseases HNARMAROalUEng FUMARS MG hARSFRERGY deiective genes.

Examples of such genetic diseases include cystic fibrosis, where there is known to be a mutation in
the CFYR defieaBeRremigsRlscol SaR/strspIs PRI A eaPkherimPis 8 kefiaiticPinthe
dystrophin g@)qirsiekdelgelttheeasr 5vhere. eralismiono prefer isheal @ prtatiedimtuweidibg gene. Many
Wypes of capcer;are gaysed Dy eleclivg genes. spedially praiooncodencs, Apd umpuL.syppressor
genes that have undergone mutation. Examples of protooncogenes are ras, src, bcl and so on;

examples cfauwitRadsegipiesssdr uanardlpB3iEhdRbMare Riefaetsmifoliment sictidingviantion, the

exogenoustagadeBRtANaAResapT UMRdBNSsOriatestAnKtioen cla-ctoAsrefatsiasa melgcule that is
detected at a higher frequencé or density in tumor cgg‘s:than in non-tumor cells of the same tissue
0

type. Exam{SBETPHEA SRETRHRCRRURER &t T - c RR'VARNT! R BT AAE8 5825 00, MUC1
(see WO 92vea0, 3MO=01/0924 harddRoetdlily ettat GpaeMed: 20034l 4B (@)e60020 mubrporated
herein by reference) MLIC2 ROMEd-Dualed: 1a5,20.0RGROBAR-ROFIA QRO MUIALRd PR3,
overexpressed p53, CA-125, PSA, C-erb/B2, BRCA |, BRCA Il, PSMA, tyrosinase, TRP1, TRPZ2,
NY-ESO-1 Presenee Rishehiiieess indueiserhippgiorgiachin atpssmics, dulivthgasrdRee Aétding to a
more preferrggembadinaanpénadrddriscUCI. In another embodiment of the invention, the exogenous
gene gpcodes A Antgen o8 2% Uasdhersing Jlige refers 4o aloand thaf can be bound by an
antibody; an antigefi néed not Itself be’immunogenic. Pretérably the antigen’is &rited o a virus
such as fordsesiisie, v -da(§aetcasstgy 198RNgN BTy fanyest #Fanbersiamsoleficemaegnieus, human

or animal h@f@%ﬁtHEHéﬂﬁr@é@‘f@ﬁag%%Q&@VQB@%H@&‘&QH&F}H‘%’%E@ 3 lygpeotein such as ICP27
0 thereo

from HSV1 or HSV2, cytomegalovirus (such as&B or derivatives Varicella Zoster Virus

(such as ggtABRNS, B i ReRERLHTESIFRRS s (2 ﬁ%@ﬁé‘tiﬁ’g@z\'}iﬂf@(ﬁf@\/m%ﬂmﬁeﬁepaﬂtis B
Surface antpairedaterivativetie ré ohcheptdis Afvinesptieliev) i inapditiisnta yibesfldéawW sy WO

0411]210()821gr95g%qu Iy panestryetural HeVpratein, from genotype Ib strain ja), and hepatitis E virus
H . :

EV), or from other viral pathogens, such as Resgalratory Syncytial Virus, Human Papilloma Virus
WO 2010/13¢7858108 {9 Er0Yerss49e methods o

comprised between 7.0 and 9.0, preferably between 7.5 and 8.5, and more preferably at
a pH of 8.0.

In a preferred embodiment of the invention, the Orthopoxvirus is a Vaccinia Virus (VV).

the present invention are performed at a pH

25 Preferred VV according to the invention are VV as described for instance in patent
applications PCT/EP2008/009720 (WO2009/065546 describing VV  comprising
defective 141 and/or F4L gene(s)) or PCT/EP2008/009721 (WOZ2008/065547 describing
VV comprising defective F2L gene).

In ancther preferred embodiment of the invention, the Orthopoxvirus is a modified

30 Vaccinia Virus Ankara (MVA). Preferred MVA according to the present invention are
MVA as deposited before Collection Mationale de Cultures de Microorganismes
(CNCM} under depositary N° |-721, MVA 575 (ECACC V00120707) and MVA-BN
(ECACC V00083008).



34 (HPV; see WO 90/10459, WO 95/09241, WO 98/04705, WO 99/03885 WO 07/121894 and WO
07/121894; E6 and E7 protein from the HPV16 strain are preferred; see also Liu et al. Proc Natl Acad
Sci U S A. 20043 %E6T Suppl 2114567-71) or Influenza virus, or dertetFFéMPHa&Hrial pathogens
such as Salmonella, Neisseria, 5 Borrelia (for exagple OspA or OspB or derivatives thereof), or

Chlamydia, 0ieBqegete e foraaampledPu@h Jiviragd FesOrdarHveriHpmRriaiss ey asm
plasmodium or Toxgglasma. According fo a mor%greferred embodiment the antigen is selected from
i

HCV or HPY SR HTS PaYEPG e SPE LI d T 8 SR B &t SRS o SR AR S SEGHRREP Lo the 10
method of treéeisviertionds Vs MENh(semiverod]ly 1882 tatsihe alhesh T Gl b xTinestecombinant

OrthopoxvigHsbggrb%@%{pm@épgé’bg&gse%%gﬁi}%@g%sgﬁegl%g?ﬂ%mlg@%@ﬁ%g;%g& eguence can

encodes more than one molecule. For examp be ul to associate in"a same recombinant
Orthopdxvitler &t xofeitsiss kogtiemcBy efistlings. qdreatix’ (sutpienifousy awssriveal Biean antigen
(as previousiyigeserdesitivisinten exReB0YSE6MERCMENGRAINGA BYIOKIE ée-anpHattavkin (IL as
for instanc : tumour necrqsis fac NF); interferon-(IEN); colony.stimulating fa (CSF)). With
this regard‘,%%‘%]eaérrre ercergg%bin%cﬁ?'brﬁgg Xvi}rff}gégup%b%cghtg)cco'rr&ier%e{%nfﬁea%"gf‘noﬁ%&ly ‘e invention
are: rivonugpAASMEEXYbop} piras el BsoRioTeB R aed ANOrOBJ092iH I) 2yl dwe caktab 8I5EG 4010; and

M MVA-[HRY 1] (56800 EHRI04P% LY 85/ QA2 MM IURE AB5M toxic proiRiO388R, WO
07/12% 94 and WO 07/121894) also called TG4001. Advantageously, the recombinant Orthopoxvirus

further comprisEE e bR hoBedBRARS thLAURPrEL Bl OF the RO R0 I9%2qIERCRR). The

elements nggépsary 25 for the expression comprise of the set of elements allowing the transcription of

a nucleotidg, sequaneed e AMARA BRIl o2 RN D 2 pehbelids, 1 pRdiguAl the
promoter sequences and/or regulatory sequences which are effective in the cell'to be irifected by the
recombinarft S#FHER SRS MAHESIRVEIRIBH, 28 SHEORLRY meetaliipbn cesfayairado alionrthe

exdcretion otdkie emes@ioe?@«hmg, shsfangyoidhgidireclisdenaig m{ysﬂgm&%&ﬁs%%w@ms may be
induciple or_canstitutive. Of cou romoter i e e inant Orthopoxvirus
selectgédGaniﬁo t(fut?u“ rﬂ%‘s"{%%ﬁ‘.&n{g%edrgz;“ﬁ%%?n ?nt?gr@%?%y%v%%/égggxé%%g&ed&evg&ﬁﬁ ffus
promoters FPAR®HBRNFICEL, 128 ep Sernitisepntsifmtion bésadpromidtetss Thdilielatageprovides a

large amough QfiMEGFMEIAR 1S AAtA SHALREAMOSRE S RUIRRFGSs NG EIIPENES, Me ot al
2010/130753PCT/EP2010/056491 35 necessary can, in addition, include additional elements which

improve thd 'ER0PEEH P hrePBRb GBS ERER BRRE FARYEFARE T [RE HGEREIETFRIFe may be
mentioned an Sadihdeortiyedntreneseipences (WQSH29441), isesretarsignalangyaneeshauclear

Iocalizﬁion;m%gg% wﬁ{@éﬂg%%sef\%%%@iéi%p&%igfhtégmﬁl%ﬂaﬂo%fne deaminase activity, and
more preferably FCU1 protein or FCU1-8 protein covered by patent applications WO
99/54481, WO 05/07857, PCT/EP2008/009720 and PCT/EP2008/008721 incorporated
herein by reference.

With this regard, preferred recombinant Orthopoxviruses produced according to the
25 method of the invention are:
® MVA-FCU1 (see WO 99/54481) also called TG4023;
® MVA-FCU1-8 (see WO 05/07857); and
# VV-FCU1 wherein said VV comprises more particularly a defective 4L
and/or F4L gene, and a defective J2R gene (see PCT/EP2008/009720/
30 WQO2008/065546 and PCT/EP2008/009721/W(02008/065547).
Other examples of pro-drug/enzyme combinations include those disciosed by
Bagshawe et al (WO 88/07378), namely various alkylating agents and the
Pseudomonas spp. CPG2 enzyme, and those disclosed by Epenetos & Rowlinson-

Busza (WO 91/11201), namely cyanogenic pro-drugs (for example amygdalin) and



5 the RES type, poly A sequences for termination of transcription. The present invention also relates to
a purified wild type, attenuated and/or recombinant Orthopoxvirus obtained by the method of the
present invent\gﬁwjdggsés a pharmaceutical composition, preferably a8 @ FacUH& A used herein, a
"pharmaceutical composition” refers to a compositi&h comprising a 10 pharmaceutically acceptable

carrier. Saigphegaeausicallyiacaspiable caslioels PiRiermblY isptomiciHy RIS AL WeRKehypertonic

and has a relatively low ignic strength, such as for example a sucrose solution. Moreover, such a
carrier may C6HER M%goﬁvé’h’{ 8?%88%%%%& E)%frt?;if@)'é) @f?hﬁﬁ%ﬁsﬂﬁﬁ%@%ﬁﬁ%ﬁ&%c sterile
water. The pkbaifithephatarace uticalrogs pusitiveei sdingad ditigayiéadpsstedsand Hoffexed stiras to 15

meet the regyisements,af %}Bd‘ﬂ?ﬁ% 6 RRArmgAGaLtcAlcomposifion Sa@aé/emi%%gsg

pharmaceutically acceptable diluent, adjuvant or excipient, as well as solublilizing, s zing and
preserving KMy Eor RGBS HBRTRERHERIESLRSHFRINARS N (BeEle BB SoHERAHR 88 bk s otonic
solution is prefersad. lkefay be providethiy depigle ctossOndn arodtiidosatin esdd gy (powder,
lyophilisate like) form 20which can.be reconstituted at the time of yuse with an apprgpriate
diluent. Théﬁé: s}%ﬁ’{)&r%?gﬁ é@lag 50 re gﬁéars 1:t%r a"Bﬂ‘{ﬁ@B%ﬁé" @Hgsa tg%ucgt{é% 'Bn 78rmr'380§(3t58|nant
Orthopoxvifubgliugmed sathehydtriedef e preseyinisveatioh f@sthdeiegmimmiosidaler thadorevention

a cancer, apdifaeiaussdiseasaians/ WoADAMGINBIG ISISA REaARL SRLhfIaIN drogbcele efers butis

not limi edéo lun cancerée.g}. small cell lung 25 carcinomas and non-small cell lung), bronchial
cancet Ooe EFRRBERI S RANT LR PR L NARF LA hBEICCAREET L TGS CRber, lip
cancer, nagaroality andammnasd souscaiiceVaaditreatccapedc)liordl cavitysancesie Qrtongue

cancen). SastiGEANGeNGLIPMach sancraNe ALK sastialiesingl sangaLaglpn cancer,

rectal cancer, coloréctal cancer, anal cancer, liver cancer, pan(_:reatlc o 1 u .|n ry_tr ct cancer,
bladder carBeFPhyRTEREAMBYY, RIGnESLCHrESy, AUPETRENEY, sRrtibediaeiNGh & naKRatieneeliviy.g.
melanoma)aley&eanser (Redareiablasiomaintsaineaneesdevertaliepadrigd Wiabkasiamasand cerebral

astrocytoma), central nervoys sys cancgr, lymph e.g, neous B- mphoma, Burkitt's
mpiima. TSR ST PRt i gtirs DS one adoZr A kIR roast WO
2010/1307 FBROTE PROKE/058U gle 3t dintiad denit tehovedisbat pevdivgh, e.g., phosphate-

cancer(e.g &seRigragpElgIR neoplgsiRls e RBMNGRE (€ GrearRIetrial Gancephyarian cancer,

vaginal cancer, vulvar cancer, prostate cancer, testicular cancer. "Cancers" also refer to virus-induced
tumors, incﬁfamﬁ?}ﬁaﬁg’ﬂ%mﬁ’%ﬁnﬁ) BgSilRa DiATRITRdRCE et Erb R egBe SVRERY'8RRiuced
tumors, EBMaddugse bBiélttympploomimide padiis &, nehticed ity rnassildEd Ve henoxyacetamide-

20  containing prodrugs or optionally substituted phenylacetamide-containing prodrugs, 5-
fluorocytosine and other 5-flucrouridine prodrugs which can be converted. Examples of
cytotoxic drugs that can be derivatized into a prodrug form for use in this invention
include, but are not limited to, etoposide, teniposide, adriamycin, daunomycin,
carminomycin, aminopterin, dactinomycin, mitomycins, cis-platinum and cis-platinum

25 analogues, bleomycins, esperamicins (see for example US 4,675,187), 5-fluorouracil,
melphalan and other refated nitrogen mustards.

In a further embodiment the exogenous gene encodes a ribozyme capable of cleaving
targeted RNA or DNA. The targeted RNA or DNA to be cleaved may be RNA or DNA
which is essential to the function of the cell and cleavage thereof results in cell death or

30 the RNA or DNA to be cleaved may be RNA or DNA which encodes an undesirable
protein, for example an oncogene product, and cleavage of this RNA or DNA may
prevent the cell from becoming cancerous.

In a still further embodiment the exogenous gene encodes an antisense RNA. By

“antisense RNA" we mean an RNA molecule which hybridises to, and interferes with the



induced lymphoma and HTLV-2-induced lymphoma. As used herein, "infectious disease" refers to any
disease that is caused by an infectious organism. Infectious organisms include, but are not limited to,
viruses (e.g. s tHHdEd RNA viruses, single stranded DNA viruses PREFEA ARt odeficiency 10
virus (HIV), hepatitis A, B, and C virus, herpes simptex virus (HSV), cytomegalovirus (CMV),

respiratory sysie¥i@nvirssR W), FraRin-Raledi's Erdddiqy rpaidRPHlomaMBifdHRMA, parasites

(e.g. protozoan and metazoan pathogens such as Plasmodia species, Leishmania species,
SchistosonECLsRTe 8 BP T YL aHI SPeBiET B 8. Ry RV ACE: AYRT BsfoiRaP

tubercqlosimtsﬁimem\éllathsteeptegsiocifzﬁqca)@me;SStaphylococci), fl_mgi (e.g.. Candida'species or
Aspergilus seefe STISUMAEHELRE ik AR RO -0S AR DEIEHLe AAATHAS lisggfer refers

to two general types: 'Systemic autoimmune diseases' é%.‘lf"%lsor ers that damage many organs or
tissuesg, arfl folafpdtya @i e drestes!(i Eheitssracps B damvagatoM)aitsAgiesifan or 20
tissue). Howigwetetherlieshafalocatizadiaytommnae Witeases, canske wystastieieingdirestly affecting

other body d&%an%g%ﬂ Ss%%ergg. '%y tgggigsallgg&%ncunﬁc% (reas]es' \‘rllcrlu e Puft are not tlirrf)ited to
rheumatoid ARNHUS Which Can & %ec Jom?s, an possYBy Iuné’sa?deseln% u%t?sfin%ﬂyvd?ng s?/sefemic lupus
erythematoswsa{®n i) tenighthoerfte Busiian jeimse skidereyestremy, bfure teetdbioddortidp s well as

other tissues AEAINAAThe? 8y 3HEFRAACHBRe VALK CaN AltReisekinniiesHaR: RNELBINgS. Bogen's

syndrome, which can affect salivary glands, tear glands, and joints; Goodpasture's syndrome, which
can afféct ITHERIGAC kil iR agEHe MagYalmRmBt JERCHh TR Cashfe Y shffeed/suagesnd
kidneys; podgpegddtiia dreismatiesnakiclachntaffiect-arge ssusclaygnes pshaindiesn patabaybestis/giant
cell arteritis, whi ect arterie neck ‘Localize mm |seases'
include but a?égn%?t"ﬁ?gﬁ) t(gégypseblglgglgcgé%e%%%ﬁtﬂ%f v%%ic%éa%%l%?soaégéhgéﬁs%fs etosl;;{1 a% imoto's
thyroiditis afPR5EEGRSIBNSSAE, RFiBRGEct the thyroid; celiac disease, Crohn's diseases, and

ulcerative qaliisumteleatiogiHagesireiniesing asteRbdbnks degosice\Enbadut Guillammarre
alandeD WO SO HSoE 1IP0I 39 Aty Gchs SE Saetofing OEngiis, and
autoimmunteagpatyisnasictilsfieciinerlivels dhanRaymenitisnpherisnehing, edich issnaffget.the fingers,
toes, nose, Balfipies of TAA includes but are not limited to CEA, MART1, MAGE1, MAGES3, GP-
100, MUC1 (see WO 82/07000, WO 95/09241 and Rochlitz et al. J Gene Med. 2003
Aug;5(8):690-9 incorporated herein by reference), MUC2, pointed mutated ras
20  oncogene, normal or point muiated pb3, overexpressed p53, CA-125, PSA, C-erb/B2,
BRCA [, BRCA ll, PSMA, tyrosinase, TRP1, TRP2, NY-ESO-1, TAG72, KSA, HER-
2/neu, ber-abl, pax3-fkhr, ews-fli-1, surviving and LRP. According to a more preferred
embodiment the TAA is MUC1.
In another embodiment of the invention, the exogenous gene encodes an antigen. As
25 used herein, “antigen” refers to a ligand that can be bound by an antibody; an antigen
need not itself be immunogenic. Preferably the antigen is derived from a virus such as
for example HIV-1, (such as gp 120 or gp 160), any of Feline immunodeficiency virus,
human or animal herpes viruses, such as gD or derivatives thereof or Immediate Early
protein such as ICP27 from H8V1 or HSVZ, cytomegalovirus (such as gB or derivatives
30 therecf), Varicella Zoster Virus (such as gpl, Il ar ill}, or from & hepatitis virus such as
hepatitis B virus (HBV) for example Hepatitis B Surface antigen or a derivative thereof,
hepatitis A virus (HAV), hepatitis C virus (HCV; see WO 04/111082; preferentially non
structural HCV protein from genotype 1b strain ja), and hepatitis E virus (HEV), or from
other viral path'ogens, such as Respiratory Syncytial Virus, Human Papilloma Virus



The present invention also relates to a pharmaceutical composition, preferably a 5 vaccine, comprising
a purified wild type, attenuated and/or recombinant Orthopoxvirus obtained by the method of the
present inventith2R&¢drdthg to the invention, said pharmaceutical compdsitldi'¥/iifétided for the
treatment and/or the prevention a cancer, an infecigus disease and/or an autoimmune disorder. The

present invantion alsoyelatpsiisihe pe ekasieciid tyass Atenualed angépsakeecominant

Orthopoxvirus obtained by the method of the present invention for the preparation of a pharmaceutical
compositioH?Hr%?é?adbw%@&%&?ﬂﬁ%@ﬁ@&%ﬁ?%ﬁ%ﬁ%tﬁr’é{fg Ch"EUARCe P &FIHfEctious

disease angéar a!ecaut@immunf@g’cmﬁsﬂaﬂemﬁbes_lnharrﬁ'atetioal Oeﬁmcbefti@maﬁdzinm‘tm'habzthe vaccine
may be mapyiastuces senveriianaly fanedainisyaion diche oesl Bacaiiesal r diasstlyg route. The

routes 15 ministration may or Instance the intragastric, subcutaneous, intracardi

intramfscuRRiRdierRinptrasefitonspherdamet vietrdeseal, iﬂ’tt‘éb@!ﬁt&*@r?rﬁqmﬁé\?r‘écheal

r%ute- For the latienbier sonodigints+ Admindstiadio B apsasalr yushllatiopidsadyantageous. The
administrat

ion may be made as a single dose or repeated gnce or several times after a certain time
interval, ThECASRRTPRKA TORA 20 BRI RHART e AR VIS HE R e oGS
parameters;ifey exaigle, of the individual, of the disease to be treated or of the gene(s) of interest to

be transferigg, Aggordinado adistaossitiitgihe RINGRSEHICA SompRsiion.andin Raricylar the

vaccine may be administered directly in vivo (for exarﬂ?a%wtravenous mgectlon into an accessible

tumor & at'REHEdiFhELS, REKGmIsSIYEN Yo dsERidp: rIALRAIES Qﬁgﬁ%ation). It is also
possible to Beopidhe ravivO@pRoRchuwtieh-oansistshireoliectingecalsoopnshe qaliert dhgone marrow
stem cells, petiphetalhloaclynenocues. musele cells Aad e kel LA0siecting Auiscing them in
VItro according to prior art tec n!ques ana rea m_|n|ster|ng them. to the patient. It'is dreover pOSSIble
to envisagelavitEiel4p mEseaiaie dnd Wthe neeriprInaTy AoRePREItEpeEREgRseREINeantidn, 30

carrying ougsémuIHgnegUs PAAUGEESIVR adiRisiFatans: kv difiesent sautesiQidheuarias)
compogentS@?ntalne in the gharmaceutlcal compositj din artlcE ar(wothe vaccine. The present

vontion sl A ERORE NS SR R B B SRR A st (hofs 207 Snmar e
belonging tiEhetwmatidas:fastsfatbertbhENbo dietfervof ik Milddigry, sit@lating factor (CSF)).

2010/1307 530 CH{ER2030/ 0548135 BLSAURISHABHIRIELAMEIRAD] QUBEP RHS ACEOTHHEG to the

method of the invention. Among Anatidae, cell belonging to the Cairina or Anas genus is particularly
preferred. EVRAIAGHE5ETEPRERR 7@ immortalized avian cell lines belong to the Cairina moschata or to

the Anas platyrhynchossspegievib @ceortingow@refesredenbodime wsrfdhe inweitiealiddairina
[ 5_6‘” Iicpes are Cairina moschata immortalized avian cell lines comprising

mosc?%ta immortalized ﬁ\g %pl

|
a nucleic acid sequence coding &1elomerase reverse transcriptase (TERT) covered by patent

application WO 2007/0 *795@\-IHB\cHraL (sayVire BiYiéM Sthe/ Yol SRiB B2t mOieh REEH Afan\éell lines: 10-
T3-17490 as deposited g/ iup&sIrarean Colleeiigniooelr GaHEERS also called TG4001.

Advantageously, the recombinant Orthopoxvirus further comprises the elements
necessary for the expression of the exogenous seguence(s). The elements necessary
25 for the expression comprise of the set of elements allowing the transcription of a
nucleotide sequence to RNA and the translation of a mRNA to a polypeptide, in
particular the promoter sequences and/or regulalory sequences which are effeclive in
the cell to be infected by the recombinant Orthopoxvirus of the invention, and optionally
the sequences required to allow the excretion or the expression at the surface of the
30 cells for said polypeptide. These elements may be inducible or constitutive. Of course,
the promoter is adapted fo the recombinant Orthopoxvirus selected and to the host cell.
There may be mentioned, by way of example, the Vaccinia Virus promoters p7.5K
pHBR, pK1iL, p28, p11 or a combination of said promoters. The literature provides a

large amount of information relating to such promoter sequences. The elements



(ECACC) under accession number 08060502 (see Figures 2, 3 and 4) or a derivative thereof; -

T6-17490 as de gﬁsli(;u?gﬂa%the European Collection of Cell Cultures (EC@&? lzjri%g&glcession number
08060501 (se‘g |gufes E 6 and 7) or a 15derivative thereof. With this regarcf the present invention

also relates to: The use of a Cairina moschata ini#¥portalized avian cell line comprising a nucleic acid

sequence eedngajelynerase rexeisedranselipi@se (kBT faydhe:produeiinn phsrovid type,
attenuated and/or reco F\)inant Orthopoxvirus 20acgordinnq to the method of the! inf/ention The use of
# e of s mai n zft ost call.

; . . R z .
T3-17490 85%5%%5501%35#@%9%%8&3 iZed avian cell ting aseé‘SBS%t'e e uropegﬁeé?)?yectlon of

Cell Culturés (FERDG I dradisEssigeniindersegosuss (AOd&$& e In soaadtiple Sigodla derivative
thereof for fagRreductiprof AuifRs slipnaiad ARd/eN WeamPinRantidRSATEIoRME MR aecording to

the method of the invention. The use of T6-17490 Cairina moschata immortalized avian cell line as
deposited AFHEER FEPR A SRS BF Tl BUMIRIS teERRRES (WHEBr accession number 08060501
(as describégkiprexample=3)iar alderaratited dhepadfiédriiie ypedatbonaéd anddotypepattéranated and/or

recombinags FRBCAAREXUENARECAOIAJO HiaBetecAl ') JaRN AN, k6RO Lo agother preferred

embodiment e invention, Cairina moschata immortalized avian cell lines are Cairina moschata
immortalizé ARas B IEHEs RIS PRI REEEHADN ABENRCAER sequence and a nucleic acid sequence

coding a VM EDR30IA0 3P e RRRLAAb B4R bRtitRIoRsAS & raVesaR bamseiptases(dERT) covered
by pa% n_t application t\chﬂ 2009/é) goléﬁ.c\é\{jrtlh thlg ar%gartgérmg prese t ina\éegti?anbraels% arreﬂlé'glrte;sS to the use
ofa C%rln 6@(?ﬁgya?ﬁl%o?f:aﬁlfeobawan CEN 1ing corﬁprlsmg an ?:Ew( nGefER421a sequence and a
nucleic preferably isofonic, hypotonic or weakly hypertonic and has a relatively low ionic

strength, such as for example a sucrose solution. Moreover, such a carrier may confain

any solvent, or équeous or partially agueous liquid such as nonpyrogenic sterile water.

The pH of the pharmaceutical composition is, in addition, adjusted and buffered so as to

15  meet the requirements of use in vivo. The pharmaceutical compositions may also
include a pharmaceuticaily acceptable diluent, adjuvant or excipient, as weli as
solubilizing, stabilizing and preserving agents. For injectable administration, a
formulation in agueous, nonaqueous or isotonic solution is preferred. It may be provided
in a single dose or in & multidose in liquid or dry (powder, lyophilisate and the like} form

20  which can be reconstituted at the time of use with an appropriate dituent.

The present invention also relaies to a purified wild type, attenuated and/or recombinant
Orthopoxvirus obtained by the method of the present invention for the treatment and/or
the prevention a cancer, an infectious disease and/or an autoimmune disorder.

As used herein, “cancer” refers but is not limited to lung cancer {e.g. small ceill lung

25  carcinomas and non-small cell lung), bronchial cancer, oesophageai cancer, pharyngeal
cancer, head and neck cancer (e.g. laryngeal cancer, lip cancer, nasal cavity and
paranasal sinus cancer and throat cancer), oral cavity cancer {e.g. tongue cancer),
gastric cancer (e.g. stomach cancer), intestinal cancer, gastrointestinal cancer, colon
cancer, rectal cancer, colorectal cancer, anal cancer, liver cancer, pancreatic cancer,

30 urinary tract cancer, bladder cancer, thyroid cancer, kidney cancer, carcinoma,
adenocarcinoma, skin cancer {e.g. melanoma), eye cancer (e.g. refinoblastoma), brain
cancer {e.g. glioma, medulioblastoma and cerebral astrocytoma), central nervous
system cancer, fymphoma (e.g. cutaneous B-cell lymphoma, Burkitts lymphoma,

Hodgkin’s syndrome and non-Hodgkin's lymphoma), bone cancer, leukaemia, breast



5 acid sequence coding a telomerase reverse transcriptase (TERT) for the production of a wild type,
attenuated and/or recombinant Orthopoxvirus according to the method of the invention. As used
throughout the"Snird/ gﬁb?catlon "derivative" of the deposited immortaliZ&d ALY E&Pfnes refers to an
immortalized avian cell line which comprises a nuc3éic acid 10 sequence coding a "substance of

interest”. Agdizes hgepitl atrsbbsianss of Iierass! C@@ﬂeg}udqetgyt isM,E@iteqﬁ@a@)@h@r@aceutically
active protein e. owth factors, grgwth re lators, antibodies, antigens, their deriyatives useful for
mmunizat GRS LR AT ATToRD (R, SEAGTHAL TR, BHATOEARER: CEBER CNFESE.

hPGCSF, MWSF;:mt@fepmﬁa(hﬂmmntaﬁfbhalamtade&on‘ﬂﬁetaﬁmfafmo*ﬁfgrammla)smmodelchlotting
factors (e.gy Faglon n\élUdiﬁ?CHa'i |%<nﬁ%@é&%ﬁ%ﬁ%ﬂ%ﬁhﬂ%u@é@é&%ﬁ%ﬂ&Oﬂe?éég%zﬂféw'”95

Figure 1: depicts the effect of various Benzonase0 concentrations (i.e.

Benzonase &feantEleEs =g aetn Bl vesrone: W’%WW% tW@‘?I% ﬁ%&éfp icts light
microscopyritagingy obhdrk/49WWHECAC G D8a0bohéraiina 20 moschata immortalized avian cell line

(passage 3 Spi 7 » 0806 rn chata immortalized avian
cell line gro‘%vgthﬁc%%\r/eeh% e(()%lﬁ p;ﬁ?s%gg% lé)%%gl(ssl;%age e7r§) z?glg%%})@%%%c% i?cféjge( C?K(?(? 08060502)
Cairina mo#gheligufnaiaeriizedigdace Musaiposuitioted Subling ﬂﬂiél@\liémtf@n\’(fb@ﬁﬁ dassage 7 to

passage 7%ngh FigaHgea: ARAIGIFJIGR! BIHIRSSPRYISIONIY O#Js@;slM%QaﬁEM&%@é@ﬁ@}) (passage
45). F ure ?53% g& 490 ECACCg%iSOGOSgl) Cair na moschata mmor(*é%% d avian cell line growth

curve rom 1 BHRAHNR & \flrtjfrr SPIB TR (BEA 0@6%‘6‘??@3‘1’[‘“13 moschata
immortalize € sia mresgd |- bivey3Opaptita tion d (RBWhoHsieieB uticruéii@R\)asshgedt fepiessage 51). To

Lustrate (NG (S lI0N Bl AL e MR TG BUAUBRLES AP A bRIRRRY 0 Tt the
scope of the invention in any way. Examples Example 1: Methode A
species, Leishmania spe<:1es Schlstosoma species or Trypanosoma species), bacteria

(e.g. Mycobacteria in particular, M. tuberculosis, Salmonelia, Streptococci, E. coli or
15 Staphylococci), fungi {e.g. Candida species or Aspergillus species), Pneumocystis
carinii, and prions.
As used herein, “autocimmune disorder” refers to two general types: ‘Systemic
autoimmune diseases’ (i.e., disorders that damage many organs or tissues), and
ocalized autoimmune diseases’ (i.e., disorders that damage only a single organ or
20 ftissue). However, the effect of ‘localized autoimmune diseases’, can be systemic by
indirectly affecting other body organs and systems. ‘Systemic autoimmune diseases’
include but are not limited to rheumatoid arthritis which can affect joints, and possibly
lung and skin; lupus, including systemic lupus erythematosus (SLE), which can affect
skin, joints, kidneys, heart, brain, red blood cells, as well as other tissues and organs;
25 scleroderma, which can affect skin, intestine, and lungs; Sjogren's syndrome, which can
affect salivary glands, tear glands, and joints; Goodpasture's syndrome, which can
affect lungs and kidneys; Wegener's granulomatosis, which can affect sinuses, lungs,
and kidneys; polymyalgia rheumatica, which can affect large muscle groups, and
temporal arteritis/giant cell arteritis, which can affect arteries of the head and neck.
30 ‘Localized autoimmune diseases’ include but are not limited to Type 1 Diabetes Mellitus,
which affects pancreas islets; Hashimoto's thyroiditis and Graves' disease, which affect
the thyroid; celiac disease, Crohn's diseases, and ulcerative colitis, which affect the
gastrointestinal {ract; multiple sclerosis (MS) and Guillain-Barre syndrome, which affect

the cenftral nervous system; Addison's disease, which affects the adrenal glands;



WO 2010/130753PCT/EP2010/056491 40 Step a): Preparing a culture of packaging cells. Sixty six
SPF eggs are incubated in for 60 secondes in a 2% formol solution. After being rinsed with 70%
ethanol, the e§J&*At& 3pehed, the embryos are extracted and 5 dissectdd "FHE"SHATAEd tissues are
then digested at 36.5C for 120 minutes by dispase3@l/m1) and triple select (UlI/m1). The mixture is

MInCteS). The CLES A1 peuloatag 55 L ot VG (oo or 3 Joe e G e by
minutes). : re incubated i of VP- nvitrogen) for 2 days at 36.5C. Step b):
Infecting thg%gé@gq%g%&%lﬁ\éﬁft%\%ﬂ% ?tﬁ%%%\éﬂg.ni&%‘ﬁ% eli %ﬁﬁ?\fr@% BPeR 198r discarded
and the M\iagrlle@s-11 2] also called TG4010 (0.05 MOO (MVA deposited before Collection Nationale

de Culturesrglg Mictaotopnismes GCAMLundes dﬁgﬁg@%&&@%&%ﬁ@@ﬁm prefoifagal Medium

Eagle (Invitrogen).  Step c): Culturing the infecte ckaging cells until pror%eny Orthopoxvirus is
produced. YESPHE irfiRERIteE B LEEGHH thBRSaBieRiIARrR 8 W9 "aE 3BT R P MiHsRation in
presence obisaemed roprensuciemsasoinfesteckSenk sreempisingdbriMY Aopragenysatthesincubated in

presence o 0 10 U/ml.or 50 U/ml rcfc eference 1.01653.0001) unde\r_éhe following
Concitions: AU Tt CALSr SATRR 2 o TR alche o S A P Beli e 8 B OB 8 o
Recovering-tie@rfopinainusatiskase tngionlamrewopenadisardyor the packaging cells. 25 The cell

culture medigcape it GRERtRIE 04 96i8ds ThenRixtdrers g;\?rﬁrié@wwgé?géeméé@iw& at1l
live

BRIAREA e YN il e TS A F o
2 hours unges@Egiatio vibapfemperatlice 0E@0 (REEan b pe8:0lyStepat)ciAel ding thohewatentt salts to the
oo FEYBIEN B oG Fetnde aulaRle sapdiiomg R B Aufieggs(abactiity and t
avoid the adsorption of said Orthopoxviruses to the anion exchange adsorbent in step g).
The pharmaceutical composition and in particular the vaccine may be manufactured
conventionally for administration by the local, parenteral or digestive route. The routes
15 of administration may be for instance the intragasiric, subcutaneous, intracardiac,
intramuscular, intravenous, intraperitoneal, intratumor, intranasal, intrapulmonary or
intratracheal route. For the latter three embodiments, administration by aerosol or
instillation is advantageous. The administration may be made as a single dose or
repeated once or several times after a certain time interval. The appropriate route of
20  administration and dosage vary as a function of various parameters, for example, of the
individual, of the disease to be treated or of the gene(s) of interest to be transferred.
According to a first possibility, the pharmaceutical composition and in particular the
vaccine may be administered directly in vivo {for example by infravenous injection, into
an accessible tumor or at its periphery, subcutaneously for a therapeutic or prophylactic
25 vaccination). It is also possible to adopt the ex vivo approach which consists in
collecting cells from the patient (bone marrow stem cells, peripheral blood lymphocytes,
muscle cells and the like), iransiecting or infecting them in vitro according to prior art
technigues and readministering them to the patient. It is moreover possible to envisage,
where appropriate and without departing from the scope of the present invention,
30 carrying out simultanecus or successive administrations, by different routes, of the
various components contained in the pharmaceutical composition and in particular in
the vaccine.
The present invention also relates to the use of an immortalized avian cell iine obtained

from an avian cell belonging to the Anatidae family for the production of a wild type,



The obtained mixture is then incubated in presence of NaCl 250 mM and pH 8.0. WO
2010/130753PCT/EP2010/056491 41 Step g): Contacting the mixture obtained in step f) with an anion
exchange adsBhEENEE: suitable conditions to allow the capture of anélngPﬁg}&’g.S(’i‘%e obtained
mixture is then added to UNOsphere(r) Q (BioRad}8The UNOsphere0 Q 5 (BioRad) beads-formed

matrix is firgttaraghed with siggiter waterrdbemnsipelamiaddbxliss1a-paMibyftertethaGhapd then

equilibratecghwith Nagl 250 mM orgo .énM buﬂ‘e[jéﬁ)H S%Th%U%Osiphereo (%gioRad :
beads-forméed Matrx & theh adde nt?yl lfsﬁhgcg peris SRICWStsOR-MAROR pour et cé3323E8/4D,
5205; WatgeativdadyyresaitednieneTi0optaieedtlin tieprorotrbindditea FdxireglbblmpdReference
FF810196 % Saripisswisdimiriecht A UNQsRAREE LML (RIORad) beads-formed matrix and the

mixture obtained in step f) are kept in contact during 1 hour under slow agitation at room temperature

(20C t&2285°P5H8N R BRIARAACRRRAN BB LRE N We 8 1A TN SR I WBALRIBAS to allow
the withdragadotitidiced war delbiris. ndweiokitai reddrixingd is/thepaidnbeddymirpil fltadiein on a
Sartopure(r) F jus 0 r tori lo e of
1L/minute. Ct%;gi?:%%&éﬁi?%gﬁéh%qur%%%%&qé%g%ﬁezﬁ%?%e%’%?V:V%:rgéaﬂu!%iér#qf:%er%}pﬁgir?\gg%%{monovalent
salts underatitanlieT IR RIFNE 6/t vEE thRi igdRil deErisd phRiplsedhithadieiast Qg The
UNOsphere@iQ{&ioRad) is then washed (v/v) with NaCl 250 mM or 300 mM in SOS buffer (10mM

Tris-Hgls sucrose 5% (wiy), 10,mM sodium gltamate; 30 MM NeL siection of Cell Cultures
(ECACC) under accession number 08060502 (see Figures 2, 3and 4) ora
derivative thereof;

- T6-17490 as deposited at the European Collection of Cell Cultures
(ECACC) under accession number 08060501 (see Figures 5, 6 and 7) or a
15 derivative thereof.
With this regard, the present invention also relates to:
® The use of a Cairina moschata immortalized avian cell line comprising a
nucleic acid sequence coding a telomerase reverse transcriptase (TERT) for
the production of a wild type, atltenuated and/or recombinant Orthopoxvirus
20 according o the method of the invention.
® The use of T3-17490 Cairina moschata immortalized avian cell line as
deposited at the European Collection of Cell Cultures (ECACC) under
accession number 08060502 (as described in Exampie 2) or a derivative
thereof for the production of a wild type, atlenusted and/or recombinant
25 ‘Orthopoxvirus according to the method of the invention.
B The use of T6-17490 Cairina moschata immortalized avian cell line as
deposited at the European Collection of Cell Cultures (ECACC) under
accession number 08080501 (as described in Example 3) or a derivative
thereof for the production of a wild type, aitenuated and/or recombinant
30 Orthopoxvirus according fo the method of the invention.
According to another preferred embodiment of the invention, Cairina moschata
immortalized avian cell lines are Cairina moschata immortalized avian cell lines

comprising an E1A nucleic acid sequence and a nucleic acid sequence coding a



pH 8.0 with physiological osmolarity (290 mOsm/kg)) by using a peristaltic Watson- 25 Marlow pump
(Reference 323ES/4D, 520S; Watson-Marlow). The flow trough obtained in step h) and the flow trough
obtained in stépAY&EHAER incubated overnight (i.e. 18 hours) at 5C in preSERAEYYELcharose 50 g/L
final. Step j): Concentrating the flow through obtairgsd in step h) and the flow through obtained in step

i). 30The flauichsabeoRiaines! irsiephiandtbrfiowdsosigh obiginegkia stensp e tagn ogacentrated
18 times th%té%r@ 4(éjﬁpm Prostak Microfiltration Module (Reference PSVVAG021, Millipore). Step k):
Diafiltrating f ction'comprising the Orthopoxviruses obtained in step D. WO

2010/1307%8HCINER2RT0/066 49454t Tventberalte isithen whidfitredeoof theCsiineg mostiletae. 0.1 pm

Prostak 'V'i@.ﬁ%&%ﬁ&@d@%ec@qfﬁé%ﬁ&i&%&oéw\#ﬂiﬂ E%JJ‘&%;&@RHQ%H’% %‘%’é&’* s
performed using Quant-iTrm Picogreen(r) dsDNA Assays Kit (Cat No. P7589, Invitrogen). fResuIts:
No reminifiG OIPRE e EERRS EIRRBRASe T e mAdtPFABI e S BTHIRA W Bertel BIPiAe (as

deposited atidGABCattedestagcessiaeismbeiz08QBMRA3XusRIHCIdImgredustinaabar@ropoxvirus
according tg the.method of the invention. T3-17490 cells (passage 39) have a homogenous fibroblast

like morphcﬁ’oge’;r?E igure 2). 10 The static monolayer is stable up to 100% confluence and subject to
contact inhibitigRed hereedowk tbaexibie ragpditetofor Weroaptesid dontdenivralgdnimnbftaiineitrobial

contaminatigfaasclielindd R R k84901 GaMLIRR-OWIR CURPHTLOIN RASSHHEELS P3ssage £5) (Figure 3)

shows§ continuous exponential %rowth hase from gassa e 19 to passage 75. Focusing on the

evolutlon oPERSIIHAZHEIT AoSHARGIRACBISTEE AB YR REEEIePs SR ERRSPAIEHRR T &38e is
observed, imgadéciat itscant Henitetedothat therPBdeidistéipilistdepdsaeih e 48hyroatk daciogthe 10

atest passags(Figyf (T ARNESPON BGAUTHRGT SLRGRYAIOR JGHBINgS, (pRRMlalipn oubing
level, PDL) has been calculated by cumulating the 2 exponential growth phases: during the 75
passages tMBCHIRiIfAENE ihEr§ehe HERRAIM TNSEP RISHREGIfHY SIEIS, TR et of
population derhIgS SFPrineEeal GalteaeniamheloFrePRISANSEEENRRSRNEA-HESHS, BMbgpecie
e LI AU R e PR e i o arc S0 . The
immortalizRtigeiggusiption of the drawings
Figure 1: depicts the effect of various Benzonase® concentrations (i.e. 10 mM; 50 mM)
on Benzonase® endonuclease activity (temperature of 25°C; Mg2* 2 mM; pH 8).
Figure 2: depicts light microscopy imaging of T3-17490 (ECACC 08060502) Cairina
20  moschata immortalized avian cell iine (passage 39).
Figure 3: despicts T3-17490 (ECACC 08060502) Cairina moschata immortalized avian
celi line growth curve (from passage 7 to passage 75).
Figure 4: depicts T3-17490 (ECACC 08060502) Cairina moschata immortalized avian
cell line population doubling time evolution {from passage 7 to passage 75).
25 Figure 5: depicts light microscopy imaging of T6-17480 (ECACC 08060501) (passage
45).
Figure 6: T6-17420 (ECACC 08060501) Cairina moschata immortalized avian ceil ine
growth curve (from passage 15 to passage 51).
Figure 7: T6-17490 (ECACC 08060501) Cairina moschata immortalized avian cell line
30 population doubling time evolution (from passage 16 to passage 51).
To illustrate the invention, the following examples are provided. The examples are not
intended to limit the scope of the invention in any way.
Examples
Example 1: Methode A.




N. B.: 25 The population doubling level (PDL) refers to the number of cell generations (biomass 2 fold
increase). PDL calculation: PDL = Ln(final/initial cell number) / Ln(2); The population doubling
time (PDT), alggé(gl?@(}e&?neration time, is the time needed for one poplfﬁfi’gﬁzi%’@ﬁﬁ%. PDT
calculation: PDT = At * Ln(2)/ 30Ln(final/initial cell umber). Example 3: T6-17490 immortalized cairina
moschata cell line (as deposited at ECACC under accession number 08060501) used for the
production 9f an Orthopoxvirus ccrdfin o0 the method of the invention. WO
2010/130753PHEFERF BB A AT FEIRIB S8R (passage 45) have a homogenous fibroblast like
morphologys éftitrixeSEY: Thgsstatiinonbatsdye fas Glasiecngdas it G024 donflaswatiandAftsnjbetnp contact
inhibition. The &ellywersiesialnsnaihe B IGRPIRRAACOMAINBIAR and faigigbiahy
contamination as well. The T6-17490 cell line growth curve grorg assage 15 5 to passage 51) (Figure
6) shows atIRfEHULERRABRHLISGHSR A P Y S TEhaEF To B UrHGRIET b BRESReasured
population déitibljrentinép @ BAgavds iprog reissivekyte dsedisimgd AvetagevE RDdiassed frame84h
(passage 2 ) o) LFi e ulated ulation
doubings (FBL ) esiens ot EenEER e bR (o0 e T B T 17400

cells are thixaferted 01t oe poNE theNHdyicraahifeand da¥s@ndediiently referred as immortalized cell
line. N.B.: 3o pppHiation desbhpraigveldRLkiriersiasheHaphes-a cell generations (biomass 2

fold increase). PDL calculation: PDL = Ln(final/initial, cell pumbery / ;15 Th lation doubling
i S e I e et NS e s
calculation{®OHr _=M!Ql’) LAR2YALnfapaktititial befbreumBeiipcExamplatidnblethdede BuBtegsa')ddreparing a
culture of pREkAgRgR&HSs (CNCM) under depositary N° 1-721) is added in 55 L of Basal Medium

Eagle (Invitrogeh).

Step c): Culturing the infected packaging cells until progeny Orthopoxvirus is produced.
15  The infected CEFs are then incubated for three days at 36.5°C.

Step d): Incubation in presence of one or more nucleases.

Infected CEFs comprising the MVA progeny are then incubated in presence of
Benzonase® 10 U/ml or 50 U/ml {(Merck; Reference 1.01653.0001) under the following
conditions:
20 - 2 hours under agitation at a temperature of 25°C;
- Mg? 2mM ;
- pHof8.0.
Step e): Recovering the Orthopoxviruses from the culture supernatant and/or the

packaging cells.

25  The cell culture media and the CEFs are collected. The mixture is then homogenised for
15 minutes at 11 ml/min with a Silverson® L4R high speed homogeniser (Silverson), or
for 75 minutes at 1500 ml/min with 2 SONITUBE 36 kHz type SM 35/3WU (Heraeus
PSP).

The obtained mixture is then incubated 2 hours under agitation at a temperature of

30 25°C and pH 8.0.

Step f): Adding monovalent salis to the Orthopoxviruses recovered in step e) under

suitable conditions to inhibit the nuclease(s) activity and to avoid the adsorption of said

Orthopoxviruses to the anion exchange adsorbent in step g).

The obtained mixture is then incubated in presence of NaCl 250 mM and pH 8.0.



20Sixty six SPF eggs are incubated in for 60 secondes in a 2% formol solution. After being rinsed with
70% ethanol, the eggs are opened, the embryos are extracted and dissected. The obtalned tissues are
then dlgestedwgf)ﬁ%?@eufor 120 minutes by dispase (Wm and triple selec]f?Uﬁir)ﬁT) 8 ixture is
filtrated to remove undigested tissues and the CEFS are collected by centrifugation (2300 rpm, 15
minutes). The CEFs are 25incubated in 55 L of VP- SFM (Invitrogen) for 2 days at 36.5C. Step ID):

Infecting the packaging cell cylture wit d| carded and
the MVA- S s bt P

56 dtionale de
Cultures d@m@r@gr@ammtm@wilmdm d@?ﬁb@taﬁ?ﬁmem@ added in 55 L of Basal Medium

30Eagle (InsigogeahedtafxiiteQiinadhednirgied packasing BRlRM IR ORDSEHEORQFVIrUS is

produced. The infected CEFs are then incubated for three days at 36.5C. Step d'): Incubation in
presente oftRRas MerdsHocmedatiyds 56%%56‘?%3%@1‘?@?0%?656%‘1 ﬂﬂt‘ﬂ%@(ﬂ’é@ﬁﬂ:s
comprisingThe M\fAvbhadfenypit e thiemnddibateduiliopaéskndd ofBk250nabeor BDW MM (é&eck;
Reference gjgﬁ .0001) under the following conditions: - 2 hours under agitation at a temperature of

25C; _me - pH of 8.0, Step e"): Recovering the Orthopoxviruses from the culture supernatant
and/or the H@@k&ﬁi}ﬁs@f@ﬁ@ Q (BioRad) beads-formed matrix is then added by using a peristaitic

Watson-Marlow pump (Reference 323ES/4D, 520S; Watson-Marlow) fo the mixture
10 obtained in step f) contained in a Flexboy® bag (Reference FFB101961; Sartorius

Stedim biotech).

The UNOsphere® Q (BioRad) beads-formed matrix and the mixture obtained in step f)

are kept in contact during 1 hour under slow agitation at room temperature {20°C to
22°C).

15  Step h): Clarifying the mixture obtained in step g) under suitable conditions to aliow the

withdrawai of the celiular debris.

The obtained mixture is then clarified by depth filtration on a Sartopure® PP2 8um
(Sartorius) coupled to a Sartopure® PP2 5um (Sartorius) at a flow rate of 1L/minute.

Step i): Washing of the anion exchange adsorbent with a solution comprising

20 monovalent salts under suitable conditions to recover the remained Orthopoxviruses in

the flow through.

The UNGOsphere® Q (BioRad) is then washed (v/v) with NaCl 250 mM or 300 mM in

$08 buffer (10mM Tris-HCL; sucrose 5% (w/v); 10 mM sodium glutamate; 50 mM NaCl;

pH 8.0 with physiological osmolarity (290 mOsm/kg)}) by using a peristaltic Watson-
25 Marlow pump (Reference 323E5/4D, 5203; Watson-Marlow).

The flow trough obtained in step h) and the flow trough obtained in step i) are then

incubated overnight (i.e. 18 hours) at 5°C in presence of saccharose 50 g/L final.
Step j): Concentrating the flow through obtained in step h) and the flow through

obtained in step i).

30 The flow frough obtained in step h} and the flow trough obtained in step i) are then
concentrated 18 times through a 0.1 um Prostak Microfiltration Module (Reference
PSVVAGO21, Millipore).

Step k): Diafiltrating the fraction comprising the Orthopoxviruses oblained in step ).




The cell culture media and the CEFs are collected. The mixture is then homogenised for 15 minutes at
11 mil/min with a Silverson@ L4R high speed homogeniser (Silverson), or 10 for 75 minutes at 1500

ml/min with a SORHBE*6 kHz type SM 35/3WU (Heraeus PSP), Stesqr/.r‘ﬁ%eb%‘?ﬂﬁd the

Orthopoxviruses recovered in step €') in presence4sf one or more agents capable to inhibit the
nucleasg(S)ﬁ@iw@Yenéa(t)J ge Qh@in@ﬂméw@issﬁaenéamébagasdutfres.@.nc%@f Nﬁ@l 0 gmi arkl]d
EDTA 1 1, 15pH 8.0 Step g); Contact; Ixfure, obtained in step f') with an anion exchange
adsorbent uHé’éc’ﬁ@&ﬁ%?&@88%%3%%%&‘8”&&0%&%%7 '(ﬁpsoa{? '‘Orthopoxviruses and nucleic acids.
The obtainddterixaniditmthevbid¥édeoBioSesras i WywerlZ (PhliCuserdidsDNAE 2B 0SEprat Q
hyperzZ (Pa!bQQrQQ.r@%%hﬁ@i%' gmjed matrix is first washed with sterile water, then sanitized with
NaOH 0,5 N, washed with Tris 10 mM buffer (pH 8.0), and then equilibrated with Tris 10 mM NaCl 10

mM saechdr§Sd 5o BERBAIHRPLNA 1hEeiei8epra0 Q hyperz (Pall Corporation) beads-formed matrix
is then addeddaypisihdr: a-pmmmmwmmwimvmmaemmem%@d 22BGACC

watson- Mgion) 22 1o, e ES Phieipd g5, SIER ) cpianGrin g RIS hoX ) bag [elgrRnce

FFB10196 3 med
matrix and # d¢ept in contact during 1 hour under slow agitation at

room temperakies2aNdeAR25le 51 ) A GaHbAREGRE THibIe AREAReSiBISEA S T Suitable

conditjons tp allow the withdrawal of the cellylar debris. The obtained mixture is then clarified by depth
fitratiaR on D SRUBLPGOASH! o 18 15 s) L AE HS B ZROUPUES A S0BIAR (BARUADS) at a flow
rate of 1L/mMimutecBtewate Ebsted) theg@itbofioxvinusetwith asalartiore tomprsinpmaonovbiant salts.
WO 2010/ %ﬁ%ﬁw&'ﬁ@f 39&%95%%3@7490 cell line growth curve (from passage 7 {o passage

75) (Figure 3) shows a confinuous exponential growth phase from passage 19 to

passage 75. Focusing on the evolution of the population doubling time (PDT), a
15 progressive stabilisation and decrease is observed, in particular it can be noted that the
PDT is stabilised under the 48h mark during the 10 latest passages (Figure 4). The
corresponding number of population doublings (popuiation doubling tevel, PDL) has
been calculated by cumulating the 2 exponential growth phases: during the 75
passages the cells have undergone at least 147 population doublings {PD). The number
20  of population doublings a primary ceil can undergo before entering senescence is tissue
and specie dependent. It is commonly admitted that the upper limit is situated between
50 and 60 PD. The T3-17490 cells are therefore far beyond the Hayflick limit and are
consequently referred as immortalized cell line.
N.B.:
25 ® The population doubling level (PDL) refers to the number of cell generations
(biomass 2 fold increase). PDL calculation: PDL = Ln{final/initial cell number)
I Ln{2);
& The population doubling time (PDT), also called generation time, is the time
needed for one population doubling. PDT calculation: PDT = At * Ln(2Y
30 Ln{final/initial cell number).

Example 3: T6-17490 immortalized cairina moschata cell line {(as deposited at ECACC

under accession number 08060501) used for the production of an Crthopoxvirus

according to the method of the invention.




The Orthopoxviruses are eluted by an increasing NaCl concentration gradient (300 mM; 400 mM; 500
mM) in SO8 buffer (10mM Tris-HCI; sucrose 5% (w/v); 10 mM sodium glutamate; 50 mM NacCl; pH 8.0
with physiolog‘i%%lzﬂfgﬁfc?l?ﬁ?ity (290 mOsm/kg)) by using a peristaltic Watggﬁ’iﬁﬁé[ﬂ%?(ﬁﬁ]mp (Reference

323ES14D, 520S; Watson- 5Marlow). Step j'): Conr@ntrating the mixture obtained in step i'). The eluat

obtained ingerviibis thar ConranBatess]Siies SroushadhdBmrBrasial Migofilsalignijodule
(Reference ESVV@G&EL Mllllpore).|8tﬁ¢f, k%laflltr%thﬁége fraﬁtlon comgnsg,%the Orthopoxviruses
obtained in'SB )2 oTRESTHEMANS YRR TR0 'Bn' Hie s ErAEREHLRATT SUBI°h A BYUEkK
MicrofiltratigrriboctuleT{Re ferien cee RS WRED 2Egtilig doe) e pjaamtifi cattemoh iNA spefformed

using Quant;il g Hicogrean ) ASNAMSARY KUt NPk _%Hﬁx!}m&?aeanﬁ@gge'\k% remaining

DNA is detected. 15All documents (e.g. patents, patent applicalions, publications) cited in the above
specifiCatiol? ARSFRIBIA ThEdBYE? b a By FelereRda AYa fHRS 1RBERI CERWHS RIFEY A 5tiBASEPthe present
invention wilsbp@apatesieritiose skilledisdhe pulnithavlitieratiing Fom)the Seangaraepirt of the

invention. Although the,inventi s been descyj in_connection with specific preferr;
o bocme e e o B s e BRI, imited to
such specifid ethigveinTenisie maewen eirale-insdiicaidrioofdpebliese (BEH ) motesprtagrigng out the

invention whigls are.e0yieysdaihose skilRdinti adaikdiendeddohegyitinhrSeanadst the

following claims. 46 Claims 1. A method for producing and purifying a wild type, an attenuated and/or
2 recoTbinZhPBHREIBS R AR ORGAHRG Sees 88 5 EREAHG B3 Bt packaging

cells; b) infécBng the packaging cell culture with an Orthopoxvirus;

B The population doubling level (PDL) refers to the number of cell generations
{biomass 2 fold increase). PDL calculation: PDL = Ln(fina¥/initial cell number)
[ Ln(2);

15 # The population doubling time (PDT), also called generation time, is the time
needed for one population doubling. PDT calculation: PDT = At * Ln{2)/
Ln{final/initial cell number).

Example 4: Methode B.

Siep a’): Preparing a culture of packaging celis.

20  Sixty six SPF eggs are incubated in for 80 secondes in a 2% formol solution. After being
rinsed with 70% ethanol, the eggs are opened, the embryos are extracted and
dissected. The obtained tissues are then digested at 36.5°C for 120 minutes by dispase
(Ul/ml) and triple select (Ul/ml). The mixture is filtrated {o remove undigested tissues
and the CEFs are collected by centrifugation (2300 rpm, 15 minutes). The CEFs are

25 incubated in 55 L of VP-SFM (Invitrogen) for 2 days at 36.5°C.

Step b'): Infecting the packaging cell culture with an Orthopoxvirus.
The cell culture media is then discarded and the MVA-[MUC1-IL2] also called TG4010
(0.05 MOI} (MVA deposited before Collection Nationale de Cultures de

Microorganismes (CNCM) under depositary N° 1-721) is added in 55 L of Basal Medium
30 Eagle (invitrogen).

Step ¢’): Culturing the infected packaging cells untii progeny Orthopoxvirus is produced.

The infecied CEFs are then incubated for three days at 36.5°C.

Step d’): Incubation in presence of one or more nucleases.




c) culturing the infected packaging cells until progeny Orthopoxvirus is produced; d) incubation in
presence of one or more nucleases; 10e) recovering the Orthopoxviruses from the culture supernatant
and/or the pacRediHy B8 f) adding monovalent salts to the OrthopoxviF§3EFHRESFEIEd in step
e)under suitable conditions to inhibit the nuclease(g}activity and to avoid the adsorption of

said Orthopgredisgesderie apipprgiganas Wbeﬂbgéﬁﬁ%’ré%h%&%tt%‘aﬁfﬂgpFQEe%étb‘F e obtained

in step f) with an anion e CQ nge adsorbent under suitable conditions tg allow the capture of nucleic
acids: h) cl aﬁﬁ%%?n@t f@'&Mﬁfﬁ%ﬁﬁ%ﬁ‘éﬁ%ﬂ GhgRt %ﬂ%@%ﬁaﬁiﬁsﬂe‘w&Rﬁnqiﬁeﬂﬁithdrawm of
the cellular debris; 20i) washingrefiihd=aapiatixchaadgergasetlrerdf\@EMCa solution comprising
monovalent salts under sui £Lopditions to recover the remained Orthopoxviruses in the flow
through; j) concentrating the flow through obtained in step h) and the flow through obtained in step i);
25k) didfiltrating the fractioR'¢&fipAsing the Orthopoxviruses obtained in step j). 47 2. Method
according tgrelairnl, Rdaereimtherpackagipo-eels sy erisamaitalizedrecllingsaand preiRraliy
immortalizeda%\(/éarilnceclguges. 3. Method according to claim 2, wherein said immortalized cell lines are

capable of pension without (micro)carriers, said cells being preferably cultured in
The cell culture media and the CEFs are collected. The mixture is then homogenised for

15 minutes at 11 ml/min with a Silverson® L4R high speed homogeniser {(Silverson), or
10 for 75 minutes at 1500 mi/min with @ SONITUBE 36 kHz type SM 35/3WU (Heraeus
PSP).

Step ). Incubating the Orthopoxviruses recovered in step ") in presence of one or

more agents capable to inhibit the nuclease(s) activity.
The obtained mixture is then incubated in presence of NaCl 100 mM and EDTA 10 mM,
15 pH8.0.

Step g'): Contacting the mixture obtained in step ) with an anion exchange adsorbent

under suitable conditions to allow the capture of said Orthopoxviruses and nucleic

acids.

The obtained mixture is then added to BioSepra® Q hyperZ (Pall Corporation). The
20  BioSepra® Q hyperZ {Pall Corporation) beads-formed matrix is first washed with sterile

water, then sanitized with NaOH 0,5 N, washed with Tris 10 mM buffer (pH 8.0), and

then equilibrated with Tris 10 mM NaCl 10 mM saccharose 5% buffer (pH 8.0).

The BioSepra® Q hyperZ (Pall Corporation) beads-formed matrix is then added by

using a peristaltic Watson-Marlow pump (Reference 323ES/4D, 520S; Watson-Marlow)
25  to the mixture obtained in step ') contained in a Flexboy® bag (Reference FFB101961;

Sartorius Stedim biotech).

The BioSepra® Q hyperZ (Pall Corporation) beads-formed matrix and the mixiure

obtained in step f) are kept in contact during 1 hour under siow agitation at room

temperature (20°C to 22°C).

30 Step h'): Clarifying the mixture obtained in step g’) under suitable conditions to allow the

withdrawal of the cellular debris.

The obtained mixture is then clarified by depth filtration on a Sartopure® PP2 8um
(Sartorius) coupled to a Sartopure® PP2 5um (Sartorius) at a flow rate of 1L/minute.

Step i'): Eluting the Orthopoxviruses with a solution comprising monovalent salts.




Smedia free from animal product. 4. Method according to claim 2 or 3, wherein the immortalized avian
cell lines are obtained from an avian cell belonging to the Anatidae family, and preferably from Cairina
moschata spe®i&. 20198 ethod according to claim 4, wherein the immoPElE&P HYI&H%ell lines
comprise a 10nucleic acid sequence coding a telomgrase reverse transcriptase (TERT). 6. Method
according tgiclainy-Boshairiadbednmaiialized avianicelblios is I%é%%%%ﬁsﬁc%'tgﬁa%feme _
European Collection of Cell Cultures (ECACC) under accession number 08060502 orf a derivative
thereof. 7. MEtHBY 08 aNG RO &7 R RiTen s PmYb fende! aviarreeIPih el 780 as
15depositedatithe dhuteopstan 0otdctitrOnf 8. CwitTem (EOIAGKS) ubkerABEessidmMOLmIRGS) 08060501
or a derivatjye t of. Qd rdi lajm 4, wherein the.j rtali Vi ell lines
comprise aE LN Hdehs ned Cor et e B L R, O everse
transcr@taﬁf(ﬁfﬁﬁ-'l’). 20 25 48 9. Method according to claim 1, wherein the packaging cells are

primary or seepiiglany@danapksindiRipiesaReRigkanembryo fibroblasts (CEFs). 10. Method
according t?hda'rlﬁa]t’ C\)/l\g?ereln .tﬁet%?—lil{)/lsgﬁg]pnsed between 7.0 and %.O, preferably between 7.5 and

e 5 R USIRG RS IR SWREH i Uil dL8edKs are)

8.5, and is more prefera ’R/eg. .
endonucleddisfs)itaibis eefdealfitg Benze BN GLZ IMétliparalccording to claim 1, wherein the

concentratigR-0fiAUEIRAREIM JSHR ALAIIEBInprising the Orthopoxviruses obtained in step j).
10 The retentate is then diafiltred on the same module i.e. 0.1 um Prostak Microfiltration
Module (Reference PSVVAG021, Millipore).
The gquantification of DNA is performed using Quant-iT™ Picogreen® dsDNA Assays Kit
(Cat. No. P7589, invitrogen).
Results: No remaining DNA is detected.

15 All documents (e.g. patents, patent applications, publications) cited in the above
specification are herein incorporated by reference. Various modifications and variations
of the present invention will be apparent to those skilled in the art without departing from
the scope and spirit of the invention. Although the invention has been described in
connection with specific preferred erbodiments, it should be understood that the

20  invention as claimed should not be unduly limited fo such specific embodiments.
Indeed, various modifications of the described modes for carrying out the invention
which are obvious to those skilled in the art are intended to be within the scope of the

following claims.



5to 100 U/ml, preferably in a range of 5 to 50 U/ml, and is more preferably 10 U/ml. 13. Method
according to claim 1, wherein the step of recovering the Orthopoxviruses is 10preceded by: 1) a step
allowing the disruption of the packaging cell membrane, preferably by using a high speed homogenizer
or by sonication; and 2) a step of incubggion of the mixture obtained in step 1) during at least 1
hour allowing the degradation by the nuclease(s) previously added 15of the nucleic acids released
from the packaging cells. 14. Method according®@ifl#m 1, wherein the anion exchange adsorbent
consists in a beads-formed matrix having a diameter higher than the pore size of filters used for the
clarification step, preferably a diameter higher than 8 pm, more preferably a diameter comprised
betwebrfs0ngthathfbl 30 qstbcingranstgferfpiysasdidinetep e oapaties 2aibdwae PO pacantbt2®bm,

and e% %}%rgvmﬁge%%%ﬁs%@ggﬁgé&ﬁgg%% 5. Method according to claim 1, wherein the

functio roups of the anion €x nt'are selected from the group consisting of
dimethylaminoethy(BNNEY diottiyieentihpetiwdgiDEAEYstrimethylaminoethyl (TMAE) and

triethylaminoethwy (; %1 i rably tri (ktcg( inoeth 16. Method according to
claim 1, wherein h;eF‘ E&%ﬁ |£%%nﬁ§é%£@%%§é?rr§§l )%a g)ef{)ﬁhgﬁltérga ﬂ(;%%a@ér %%éferably over filters having
a pore size of 8@mecodupleg tdhitersideienig papbenbige obBspmnini9 pbddethoddbopaimgus claim 1,
wherein the concentgﬁg% Step is performed by microfiltration over filters having a pore size comprised
between 0.09 and & pm, and preferably over filters having a pore size of 0.1 pm. 18. Method
according to claith houbet&in thediaéltiohstepisrperformele ases; filters Shaving a pore size
,K;?mprised between 0.09 and 0 %g R and preferably,.over mters P]Eving a pore izet ozl;é)djfopgm 19.

ethod accordifi trc?%?aﬁﬁ{lmgw erein rI]lO method Tart 8?ncom%r%lé Jre “stipernatan the
packaging cells;

f) adding monovalent salts to the Orthopoxviruses recovered in step ejunder
suitable conditions to inhibit the nuclease(s) activity and fo avoid the
adsorption of said Orthopoxviruses to the anion exchange adsorbent in step

15 oy | |

g) contacting the mixture obtained in step f) with an anion exchange adsorbent
under suitable conditions {o allow the capture of nucleic acids;

h) clarifying the mixture obtained in step g) under suitable conditions to allow
the withdrawal of the cellular debris;

20 i} washing of the anion exchange adsorbent with a solution comprising
monovalent salts under suitable conditions to recover the remained
Orthopoxviruses in the flow through;

j) concentrating the flow through obtained in step h) and the flow through

obtained in step i);

25 k) diafiltrating the fraction comprising the Orthopoxviruses obtained in step ).

30



1) a step of gel filtration ; and 2) a step of diafiltration. 1020. Method according to claim 1, wherein the
monovalent salts used in step f) are NaCl. 21. Method according to claim 1, wherein the concentration
of monovalent salts used in step f) is in a range of 50 to 150 mM, and is preferably 100 mM. 22.
Method according to any of the preceding claims,'w_herein said Orthopoxvirus is a Vaccinia Virus or a
modified Vaccinia VirusAnkara (MVA). 15

2. Method according to claim 1, wherein the packaging cells are immortalized cell lines,

and preferably immortalized avian cell lines.

3. Method according to claim 2, wherein said immortalized cell lines are capable of

growing in suspension without {micro)carriers, said cells being preferably cultured in
5 media free from animal product.

4. Method according to claim 2 or 3, wherein the immortalized avian cell lines are
obtained from an avian cell belonging to the Anafidae family, and preferably from
Cairina moschala specie.

5. Method according to claim 4, wherein the immortalized avian cell lines comprise a

10 nucleic acid sequence coding a telomerase reverse transcriptase (TERT).

6. Method according to claim 5, wherein the immortalized avian cell line is T3-17490 as
deposited at the European Collection of Cell Cultures (ECACC) under accession
number 08060502 or a derivative thereof.

7. Method according fo claim 5, wherein the immortalized avian cell iine is T6-17480 as

-15 deposited at thé Eurcpean Collection of Cell Cultures (ECACC) under accession
number 08060501 or a derivative thereof.

8. Method according to claim 4, wherein the immortalized avian cell lines comprise an
E1A nucleic acid sequencé and a nucleic acid sequence coding a telomerase reverse
transcriptase (TERT).
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9.

10.

11.

12.

13.

14.

15.

16.

48
Method according tc claim 1, wherein the packaging cells are primary or secondary
avian cells, and preferably chicken embryo fibroblasts (CEFs).
Method according to claim 1, wherein the pH is comprised between 7.0 and 9.0,
preferably between 7.5 and 8.5, and is more preferably 8.0. '
Method according to claim 1, wﬁerein the nuclease(s) is(are) endonuclease(s), and is
preferably Benzonase®.
Method according to claim 1, wherein the concentration of nuclease(s) is in a range of
5 to 100 U/mi, preferably in a range of 5 to 50 U/ml, and is more preferably 10 U/ml.
Method according fo claim 1, wherein the step of recovering the Orthopoxviruses is
preceded by:
1) a step aliowing the disruption of the packaging cell membrane,
preferably by using a high speed homogenizer or by sonication; and
2) a step of incubation of the mixture obtained in step 1) during at least
1 hour allowing the degradation by the nuclease(s) previously added

of the nucleic acids released from the packaging cells.

‘Method according to claim 1, wherein the anion exchange adsorbent consists in a

beads-formed matrix having a diameter higher than the pore size of filters used for the
clarification step, preferably a diameter higher than 8 ym, more preferably a diameter
comprised between 50 um and 150 um, more preferably a diameter comprised
between 90 pm and 120 ym, and even more preferably a diameter of 120 pm:.

Method according to claim 1, wherein the functional groups of the anion exchange
adsorbent are selected from the group consisting of dimethylaminosthyl (DMAE),
diethylaminoethyl (DEAE), trimethylaminoethyl (TMAE) and triethylaminoethyl (TEAE),
and is preferably trimethylaminoethyl (TMAE).

Method according to claim 1, wherein the clarification step is performed by depth
filtration, and preferably over filters having a pore size of 8 um coupled to filters having

a pore size of 5 ym.
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17.

18.

19,

20.

21

22.

49

Method according to claim 1, wherein the concenfration step is performed by
microfiltration over filters having a pore size comprised between 0.09 and 0.15 um,
and preferably over filters having a pore size of 0.1 pm.
Method according to claim 1, wherein the diafiltration step is performed over filters
having a pore size comprised between 0.09 and 0.15 um, ahd preferably over filters
having a pore size of 0.1 um.
Method according fo claim 1, wherein the method further comprises :

1} a step of gel filtration ; and

2) a step of diafiltration.

Method according to claim 1, wherein the monovalent salts used in step f) are NaCl.

. Method according to claim 1, wherein the concentration of monovalent salts used in

step f) is in a range of 50 to 150 mM, and is preferably 100 mM.
Method according to any of the preceding claims, wherein said Orthopoxvirus is a

Vaccinia Virus or a modified Vaccinia VirusAnkara (MVA).



