WO 2011/ 006823PCT/ EP2010/ 059796 1 Title: Production of polio virus at high
titers for vaccine production The invention relates to the field of
cel | cul twoeoarmdes2al i 0 virus production. Mre particul aPCY/EP2410089T8€r NS

i mproved nethods for the culturing ofi1cells and production of 5polio virus

therefrom for _the production of poJio vaccines. Background of the invention
Pol i ovi ru%rgg“ 2 uﬁ‘é‘??o‘éterP?EIBfV”ﬂlﬁét H{‘EF%%FOF Y&CHERISIF P he fami |y

Pi cornaviridae. Polioviruses are small, non-envel oped viruses with capsids
encl osing 10a single stranded, positive sense RNA genone. There are three
types of pol i bwi inusemn reiptpedo the fRldoitdeed. cultnfesntdipohs vofis prosloetpin. Mage

i ndi vidual s .b ol.jovirus.can result i ral.yti c poljomyelitis.

Pol | onye PETEHREY il GG R SRRRSFS TE oRPrary revehe oborontigeredonate been
devel opedpolid@irisnBsiirymt BEtHRPréRctibMSf Yftiadgintd. PV) of Salk and the live,
attenuated oral poliovirus vaccine ( of Sabin. Both vaccines are 15

safe and effective. Each has its particul ar advantages and di sadvant ages,

and both e nla nimortant role in the control of polionyelitis. For
a review ﬁ Kerdui '%gtﬁ% inydifidn d poliovaccines see e.g. Kew et al, 2005.

Oral polio vaceohsifui\re hientREAT tRNEnteVUHaE b&iils of @tdatily been used

massi vel y. However, occasional recipients suffer fromvacci ne-associ ated
par al yt i cPromssiridgeRalioyirgscs ypmally pan-epvalengd Mimpgssvithcapyids gadesing .

Furt hernore, il b : V) [ j gle}c en fully
i rrrrumfldzedlétg 1}’1115%6 Stnﬁg&eéif ?gﬁtﬁ%%ﬁgesgﬁﬁrék ;I)lgﬁggfgétr% gll%fltg}eﬁa eegg’ﬁ Oelr%é]tcl)rrlllggsé uf ficient
mut at i onatypehaihesl 3. dnfeatuss of wtdeeptdls inalfivipeal aby polovikus easestlhat  ar e

clinically and epj.dem ol ogi cal |y indistinghuishahle fromnaturally

occurri ngg%!"lr 9@94&@%@_}%809@?%@%@,8 N higkly Hobiaies bre B8 of rou ating 25
vacci ne- dgsii KBECiRQ! HaQ¥ bEUSRS cRhed YR Y CH{RRA foli8virieWicEihe AIPV)2PQaIk Wi ght
and Modlin, 2008; Yakovenko et al, 2009). There 1s a grow ng

consensusandtht livaadtchvaedorappdlicowus uscouad OIS of SPhn. Beth wosingsdset e to nore
rapi d, eradication of wld-type li.o and contrql,.of energent, .cYDPV when
Labd T coti b Emestve ot 2y B pRE e AEapaRB hd i Py TR bt 1
302008; Jphr, plARE%h-important rbi@%ﬂﬁroonﬁém%lib@l?el@fs. FEMa 1S4 ueXPensi ve

(see e.g. John, 2009) and may even be prohibitively expensive for |ess and

| east deveelipénseoudiveliesiceinhess - dtvorilid8d. f or pol i ovaccines still
exists. The culfyrggNLSIBdRY) i LRARGELoREnP Ak RY SR used

massively. However, occasional recipients suffer from vaccine-associated paralytic

20  poliomyelitis (VAPP) due to revertants in the vaccine. Furthermore, it has been
observed in populations that have not been fully immunized that the attenuated Sabin
polio strains have undergone sufficient mutational changes to cause outbreaks of
paralytic disease that are clinically and epidemiologically indistinghuishable from
naturally occurring wild-type polio disease; these mutants are called circulating

25  vaccine-derived polioviruses or cVDPVs (see e.g. Kew et al, 2005; Wright and
Modlin, 2008; Yakovenko et al, 2009).

There is a growing consensus that inactivated poliovirus vaccine (IPV) may
contribute to more rapid eradication of wild-type polio and control of emergent
cVDPV when used in conjunction with existing OPV strategies (Wright and Modlin,

30  2008; John, 2009).

However, production of IPV is more expensive (see ¢.g. John, 2009) and may

even be prohibitively expensive for less and least developed countries, where a strong

need for poliovaccines still exists. The culture systems for producing bulk poliovirus



WO 2011/ 006823PCT/ EP2010/ 059796 2 material that can be used in a vacci ne,
in particular non-attenuated poliovirus, contribute to a large extent to

t he rel atwoebuy/dosgpd cost s. Thus, there remai ns a meEEPROOOBTIGrt for
efficient culture systens for producirg poliovirus for use in vaccines.
5Propagation of poliqvirus.in HEK293 cells has been escf.ri bed as a system
for the sMaHyiabiaheatrRsissd v YaccmeelRinag, '%ﬂoﬁﬁgﬂ%{%ﬁg@%@ 8¥ %ol i ovi rus, and

it was deggfiiibadtd hak @é%t&ﬁ!ﬂ@’%h%%lfaﬁ&ég hih Je@lsi ovirus, such as poliovirus
containing point nutations in an | RES el'enent as present in the Sabin

strains, denon$husthetc restusedngsd optigatri foncfifividHEKBO8e systdnss foCanpbel | et al
2005). 10El - n.’m)rtlal i.zec% human enbryonic retina (HER) cells, in particular
PER C6 cePiPSUCIAZ PRIQARI THflSe /R BAYMES s it abl e for propagation of various
viruses, Wth ppapRdadfpoRsvitddfih PR3\l BadU2RH delcridbd a2®Bkteny\@r

01/ 38362). Al though WO 01/ 38362 descri bes worki ng exanpl es of propagation

of vari outhestydyiaicwonispedifie repdicgtionphenefipesafl palppess, Sidiswasg descriied (HSV)
t 1 i Lrus -i . . . ti
of Ppot 1 oultit QusaTERE s oo NG, Rh AP BT shi e Al o Ry ifRa0"  on

condi ti onsn fRES eRplchCatgresdnoih thOBataw ktiaifs, idoms tigfut@edeliSccd vepagatiordiden
descri bed, and cannot easi I{ be qoredi cted based on replication of unrelated
viruses i HEKRE3 éche(Gagmpbellsk#); 2045 was hitherto unknown whether it woul d be

feasifye to econamhfllifeMAMGARILLR KL UIHER )\ OMUS blrAbunotie deor vacci ne
producti on purposes in t%ese cells: For l"arge-scal e manufacturing of
i nact i vat edlspldvicdeac déeseabed poluitade fargprosaggeneotbdripupropegavgidan n Ver o

cells, which are npnkey-derivyed. Ver S i dely us f cci ne
product i oRTPRE %mﬂge%ﬁam a§§89\ﬁﬁ*foa%ﬁﬁ%§3-%ﬁth@ﬁéﬁ€% OBaEF R acci nes,
and thus Hé’srcriﬁésewéﬂkﬁlg@ﬁﬁlpl%%@b%pﬁgﬁ%ﬂt&@aﬁ%tétﬁﬁﬁ%’irﬁﬁiehzd ViRRSallY

regul atory authorities for the manufacture of viral vaccines, and use of

t hese cel bEHemes SBvdecVites gD pEDhand2 orpebs ettus and fosavityy ieRBRIG6s i n t he
field (Barrett et al 009).. Large scal e, cro [ ture of Vero cells
for | Hace UGt aPiston of PR el BoR GEnpuBht WESR) PLERSE, Fhbhfulion et ar.
1982 and #R&4ndifiolN RE e§tichidn sMRlibAreenSGe lRMadEdtivREn 8éscAbRRhh®vacci ne
using Vero cells, and the resulting vaccine, are also described in US

Pat ent 4, sEmoBasily Bopragicted hased onfephisttianafnec] {teh pirmses yip@cse cobp.oduct i on
(al nost 2 T i e .

Condt &1 ontiehs VS HERS pElsR AL ET o0 bb VBB cficqRugichly Plodlel

ser um conpa@liovimg atmiddustrialpeile fort vactine produtsorppueporet irnthegphade i n serumfree
medi u but in_view of the disadvantages of usjng serumthese authors

alr eazE&, i ndi caFer leregescale spppylastuing of dpaghyated polinvaedass. peliqydds ied, and in

such generally propagated in Vero cells, which are monkey-derived. Vero cells are widely
used for vaccine production, including inactivated as well as live attenuated
poliovaccines, and thus far are the most widely accepted continuous cell lines by
regulatory authorities for the manufacture of viral vaccines, and use of these cells for

25  vaccine production is expected to rise by experts in the field (Barrett et al, 2009).

Large scale microcarrier culture of Vero cells for inactivated poliovirus
vaccine has been described by Montagnon et al, 1982 and 1984. A process for the
large-scale production of a poliovaccine using Vero cells, and the resulting vaccine,
are also described in US Patent 4,525,349.

30 High titers of poliovirus (Sabin type 1) production (almost 2x10° TCIDs¢/ml)
were described by (Merten et al, 1997) for conditions when Vero cells on
microcarriers were cultured in serum-containing medium prior to the virus production
phase in serum-free medium, but in view of the disadvantages of using serum these

authors already indicate that a completely serum-free process is desired, and in such



WO 2011/ 006823PCT/ EP2010/ 059796 3 an optim zed conpletely serumfree
process these authors were able to obtain a titer of 6.3x108 TCI D50/ m .

Kr eef t enbwogoatooed23( 2006), i nvol ved in production of polPCoXEPRMS/0FDP6 vacci ne
production at industrial scale, also rgention yields of various wild type
and Sabin 5 strains of ?oliovhgys in Vﬁ%O cells gro on _mi.cro-carriers,
whi ch yi ePHSPEPECS Pomplately grumpfEecdireqess tigee atthogs nare dhlela QRiaip AtsTs pei ng
bet ween 844¢ 3Rth*&G@D JRESe authors al so describe that the amunt of virus
needed to produce the final vaccine is significantly higher for IPV than
for OPV, whi chKredighbergichald2@(6nintdlyedin rotiggioeof peleaucisifarnvacost per dose
for 1PV than for OPV, 10Serumfree productiqQn of polioviru sing Vero
cel I's cul PROYEE SndeERbalt kb Snlat 3 Saafowblid BReatEs Reara ot ai
2005) , 5 angtrahd SFPsB0viREin L6 eIt orphva G Ghickd-Etrivya Swhieh§Tel dsh@d sinfilagt at i C
cultures, the microcarrier cultures were described as easier in scal e-up.

Despi t e t fr tes diffsecay stemins, thedag tirarabeing petivsambiliang 8¢t. Thawesathors also o
m crocarr h@s%fiﬁé‘&%gth%%}ﬁ%ﬁlﬁrt (ff)e/xldéuﬁgl%ﬁ]e rtgﬁrodh*c‘eeth@f% ped L on ié)iiglln?irc fyguantities

of polioviFus Fenalns cos erefore a need remai ns for alternative

product i ohigayisfoe sV tianh POOPRY whithessulliBad a sighffetntd elighdrrpesadckibs cost
di sadvant age, Production of poliovirus using suspension Vero cells
has been BE<oss FadPVitbaufor OFY.in I ower virus titers (m og CCl D50/ ml bet ween

0. 5,308 7. 9) e} BASroARARRIYB o LR VG0 TR ABSKALES, Vero ool (van

Ei kenhorst et a IS an ect o Invention to provide
sui t abl e prigoesseas hhhalko bam descrited byf(Qard @nye088rhed attbuek dredavat ofr oduct i on
of polioviruses .for yse in vaccines. This may aid in providi access to

af f or dabl BrOFBPHEYaKas IRC e SetipiulyrcolintpFesargar gl %“t‘&?rﬁggﬁcél Basis. 25
Summary ofg {Rer iyeRLPN The invention is based on the denonstration
of very efficient propagation of poliovirus in PER C6 cells, wherein

unpr ecedent ed Pieghtetthe effisacf andohiwitial applesabil B obthasenarerordiasggl t o met hods

descrjbed.herein. . The obtainin such hi.gh titers, which prqvide a

ot oni 1T caXtTeCUamES A hls SO Alater shoo Gy POV 08 6 cer s,
could nOtﬂﬁ&%@e&ﬁﬁﬁdi@ﬁﬁﬁ@ﬂ@abéﬁ@@wﬂﬁo&ﬁﬁbh%ﬂﬂ@ﬁ@ﬁﬁ&mﬁéﬂ@ﬁeyﬂhU§ﬁ&rln such
cells, nor could the conditions for an industrially feasible process be

f or eseen, less fem thigelisadvantage.

Production of poliovirus using suspension Vero cells has been described,
resulting in lower virus titers (‘’log CCIDso/ml between 6.5 and 7.9) than those
20  observed in routine microcarrier Vero cells (van Eikenhorst et al, 2009).
It is an object of the invention to provide suitable processes that can be used
for large-scale and economic production of polioviruses for use in vaccines. This may
aid in providing access to affordable poliovaccine in developing countries on a
sustainable basis.

25

Summary of the invention

The invention is based on the demonstration of very efficient propagation of
poliovirus in PER.C6 cells, wherein unprecedented high titers of poliovirus are
30  obtained according to methods described herein. The obtaining of such high titers,
which provide a significant economic advantage over production of poliovirus in Vero
cells, could not have been foreseen based on replication of other viruses in such cells,

nor could the conditions for an industrially feasible process be foreseen, since the



4 conditions and obtai nabl e advantages can vary w dely for various
different types of viruses that have vastly different properties. Thus, the
i nvent i onwprovii@esza process for the production of poli ee¢irrero10089vps i Si ng
the steps of: a) providing a serumfree suspension culture of cells, which
5 are PER C6 cells as deposited under ELCACC no. 96022940, b) infecting said
cells wth poliovirus, at a cell density of between 2x106 cells/nml and
150x106 cells/m, and c¢) harvesting poliovirus at a time of between 12 and
48 hours af teanditigpsendiabfpinable advantagesesanypry Vel &r yasieus ditfosend tPEs ot i ng i s

performed atyigsehht HAGOWstly ditferddep sabout 5x106 cells/m and 20x106
cells/m, for instance between about 8x106cells/nl 10 and 15x106 cells/n,

e.g. at about 10%uBehediBysnsipmprovides a progess for theiproduptinsnfpeliewirus.sai d har vest i ng

of the poli Oe@n{ﬂaﬁmgshewpfsef ri?gmafd.@ al skt eée Jaeﬁenﬁ&ncm%fca& 30 hours
after infection, for instance at about 24 hours after I nfection. These

condi ti ons et BER.Goselinasdenosited ynder BRACC nor 26022949, binfeoting said cellhi ch is 15
significantl \V%WE&I?VH]@& él&lltdeﬁ"s‘?@ otfbawuntz«mﬁ éeumnm{d D50RPISRLINGHL Wd N9

m crocarrier Vero cells for wl g 0 strains) of pollowrus in
a rel ati vel yc)dnoyesting potierdms a%ﬁ'@hofmeeﬂd emﬁwoyrsgﬁer W@&Htm econoni ¢

advant ages over if isuR{ QSRS Wid filclig i pefforkied sl sy S Bizauet f on for

vacci ne preparati on Thi s was nstra ree

pol i ovi rus: abypteiﬂo‘(@ilé(méﬁmb?@d@ qelis/m), foripgtance betwegn %’P'Ftaﬁxt‘\; C&H%fm! ype 3 20
(Saukett st reﬂxdrl)5x1060elrs/r}|pe?e£tta W 164100 IRt S therefore said poliovirus is

w | d- type vi rul ent | OV | nst-ance poliovirus pe 1, poliovirus
type 2 or polio ¢%’qmd@eﬂ%5%hmsﬁﬂ oligyirus is pesformeshatiadimer us i s

poliovirus t straln
VEr Lo e ffober g It MO RGNt ShaSRRE el i st e

enbodi ment s, infglieh. pol i ovirus is an attenuated poliovirus (being |ess

neur ovi rul ent), ﬁ@éecbgﬁ f’rﬁ%ﬁalﬁetﬁ%&%v%}fﬁhﬁ'n(ew'(hl%hn&ﬂfw/ﬁzi %&rﬁsof type 1, 2

or 3). The invention rovides a process for producing a polio
vacci ne, lfcorqmlﬁqan@y momtb%remstlm@rthwte‘a@mmgy pesnined psingsmigeasamriarn baged o t he

| nventi on, rb Qﬁfs 60N gﬁb 8&.@%1"@)/6@9;.0@.3& i elatively E]ﬂ:?ttﬂr&s'é’éd Rlichand

fornulatlng t arveste pO iovirus to obtain a pO i o vacci ne. For an
| PV, inact i vherefore ng signifisantieponemieadyantages ayes theprosessenpursently msd fofn OPV, t he

step of i nag;fdn\ﬁ@i}ds']ﬁoduémﬂpfor (/é%gHE ?ﬁgaratlon Thib Was &nﬂin&?atéﬂ RFhPgRE herein to

provide a poliovirus bulk useful 'e‘gar ation of a polio vaccine, said
pol i ovi rus Hpes %mlmlr%ttmerlatﬁmewr%ﬁrﬁ dene (VT straimaed wge dol i ovi rus

accordi ngy t aE @n i on and conprising cul ture medi um.and a poliovirus
SHEET (RUL

RECTI FI ED | SA/ EP
In certain embodlments therefore, sand poliovirus is wnld-type vnrulent pohovnrus

for instance pohovn'us type 1, pollowms type 2 or poliovirus type 3. In certain
embodiments, sald poliovims is poliovirus type 1 strain Mahonéy or Brunenders,
poliovirus type 2 strain MEF (or MEF-1), or poliovirus type 3 strain Saukett, In other

25 embodiments, said poliovirus is an attenuated poliovirus (being less neurovirulent),
for instance a Sabin strain (which can also be of type 1, 2 or 3).

The invention further provides a process for producing a polio vaccine,
comprising a process for producing poliovirus accordiﬁg to the invention, further
comprising purifying, optionally inactivating, and formulating the harvested

30 poliovirus to obtain a polio vaccine. For an IPV, inactivation by formalin or other.
means is performed. For an OPV, the step of inaetivating is not required. o

It is also disclosed herein to provide a poliovirus bulk useful for preparation ofa -

polio vaccine, said poliovirus bulk being obtainable by a process for prqducing

poliovirus according to the invention and comprising culture medium and a poliovirus

RECTIFIED SHEET (RULE 91) ISA/EP



WO 2011/ 006823PCT/ EP2010/ 059796 5 titer of at |east 109A CCID50/nm, for

i nst ance between about 1095 and 1011 CCI D50/, for instance between about
10" and MOQB/@H2B50/ M . In certain enbodi nents, said PaTEPRE®/059796] une of
between 1 and 1000 liters. In further enbodi nents, said bulk contains cells

e M RO  Sh A SRR RIS o e (I

ot her embegiin®iHes betwen Bbbi 1085 I{aeﬁﬂ”r@@pysgﬂﬂf In%ﬁiﬁeen?do‘aﬁﬁé}ﬁ& Qpigand is
present in a suitable container. Al'so di scl osed are poliovirus and

pol i o vacbilkdasbvalunasifdetrersorldindd 009 htﬁe& ﬂm@sﬂ@r emhedinguisnsdibbulk Sai d

pol i ovi rus nd/ or ree of rot eins, pref erably
PO et nEo RS s 3RaPs FRAEGUR. el SiaFopdamedy B MHERER 4l Prrnr oot
cel | resi gishtfon. IMc&Mt E@Bddimpats] Q¥ BHR id fadenhdsa BisRACHRE.adWaRE according to
conventional nmethods will contain residual non-human protein and/or other

non- humancmbediggatssthe pbkrhas hecthisstoved fiog the bipreastrend iy asenhe ser um used
during ceLdlta lctoﬂ{ nerThus pol i ovirus produced according to the instant
invention suffers fromless contam nation 15 of non-human inpurities

resul ting froAlsbkigscisediaetpotiaviprsamd s lib Rastifod itoMallel scdrdidy eethethsing
conventional processes, The invention also provides a process for
obt ai ni ngohthgdricaien Seidpalioxiras arskon syidowacping iy Er%%f raenkey PrQtems.of at | east

about 0109@&&51@1 %reg?gi{%@anlléﬁﬁ‘g}fi&%gcﬁt [%g;)d%%o B REE AR RBh-HuGRthot010, for

i nst ance t wee conprising the steps of: a)
20pr ovi di gl asﬂeal&rinfcoetea%,qmﬂievﬁsﬁsahatdmb beereprofiuedlacsardingite homaeetuBEIR C6

cells, cti. said ¢ oliavir t a cell den

bet ween 29@@@3%811@?%1“5%%‘?‘%69% Y PT%?lPdané]/%ﬂt%El) n%‘i‘%@clieﬁauﬂél i ovirus
at a tinmegsgh RehYEQRIIsl&kcaald/SBHDRAURS s@lintlsed BRSES d@tult@rOlPhad N t he

pol i ovirus preparation having said concentration. Preferred énbodi ments are

the sane pelid@ss pidsededinsoulifpio thhmspinbiogsgiohonffehdras fse degammation
polio acc to.the inventio descrl%l on of t he Figures

di
PP I8 " R ATER S Dokt ot iE MonRaniidifopeR b Bkt e 2 56k o

2. Pr oducbfogﬁc&{fusﬂ%ldo@\é@ﬁtmaltpm@esgesl n suspension PER C6 cells in different
serumfree nedia, at different MJds and at different cell densities at

infection.  The myeytion alpfmevdesos proseipratiziBmandolipHEITICPRIFNSE on
product i Ogelpéuét?l% étoavtggrugf 2 YRESavbut ?Ogarig'eéra{b%l AR Téq So&oféﬂg’e@ab%? Lls in

serumfree
least 10", for instance between 10'%> and 10'' CCIDs¢/ml , comprising the steps of: a)

20  providing a serum-free suspension culture of cells, which are PER.C6 cells, b)
infecting said cells with poliovirus, at a cell density of between 2x10° cells/ml and
150x10° cells/ml, and c¢) harvesting poliovirus at a time of between 12 and 48 hours
after infection to obtain the poliovirus preparation having said concentration.
Preferred embodiments are the same as described above for the process for the

25  production of poliovirus according to the invention.

Brief description of the Figures

FIG. 1. Production of poliovirus in adherent PER.C6 and Vero cells.
30 FIG. 2. Production of poliovirus type 1 in suspension PER.C6 cells in different
serum-free media, at different MOIs and at different cell densities at infection.
FIG. 3. Effect of temperature and time of harvest on production of poliovirus

types 1, 2 and 3 in suspension PER.C6 cells in serum-free medium.



FIG 4. Effect of cell density at infection, tenperature, and tine of
harvest on production of poliovirus typel in in suspension PER C6 cells in

serum f r egorrei/ 06823 FIG 5. Efficient production of poirigpzéemwwsorvypes 1,
2 and 3 in serumfree suspension PER C6 cells at high cell densities. 5
Detai l ed descrintion of the invention 6 The cells used in the

processes of the invention are PER C6 cells, which are immortalized cells,

al so known in the art_as t.i nuous, cel.l |nes and the 10
potential for aHG: hiEffct %‘pqeﬁfjé'?ﬁ?éﬁt ‘P%@Jém‘e eppelre. & ??'%f %FEJ}VJ%E%S) PER. C6
cell's for tlaﬁadmtroa Cgomfvuw@par msemspaawpemomusmaslerumr&mmc@mns as

deposi ted under 22940. on 29 Feb 996. wll be clear to
the skilled per%@nﬁﬁfﬁ?""ﬂtm’ “ﬂg‘?'} of Rofig{rug;types r?%ﬂéé" Eeé?'f'sﬁefrom an upstream

or dovvnstregﬁgpg@ﬁm@gc@lsqtaﬁ%wmsms, an upstream or downstream passage
of these deposited cells. PER cells are 15 described in US patent

5,994,128 and in (Falloux( et al, 1998). These cells are very suitable for
i nfluenza virus production to produce cell-based influenza vacci nes, since
t hey can be infected and propagate the virus with high efficiency, as for
i nstance dedetailed descrinfipn of the ityentioB 1) and WO 01/38362. PER C6 cells are

capabl e of grow g defls ﬁ%ﬁﬁ@ﬂﬁgﬁﬁteﬁs@s fttRe inbentiog ere PERSES ceis, wjoclfarp i nst ance
described in (Yallop et al

trat d h t th
cells are aligmora sﬂls;cadiﬂ'@c'rvar"g\ea&&&ﬁ?'ﬁﬁ" gglgf'?eéa e %‘Q?evel §S|Gn

serum frige SURRGH Sran iffthit H¥3Pan (sec c.g. BifEleetad QﬁOQ)hEER:Gﬁ detls fontshe enpl oyed are

econom cal ly and regul atory advant ageous. The use ers i s not
required fomutpese ofithe present applicatiop sha |'?FaeSﬂ{sraﬁgfp%'oe%?gg%rﬁ%@&%e{)y used

processes Wigkfh4gs gn f@#éb’iu 9Y60RWill be E8arco terskilled perton thitdliis cost s of
pol i ovirus produced_usin e conventi onal ers%&cel I bas?d Flelfely %ﬁses
Serum f ree slefinitien wil ingju eI‘f‘é Iy, fremanupSRRR A ABWNSTSAR PSSRSO #1& i um used

for cell W%ub (MEach Bf &swris@ank pasleie Vet depasited eeslsamnogcemamt It may
not be entl re free of serum derlvedp%?oductls %gg‘fhﬁé ﬁsargx | e bovi ne
serum alll’siumdn@"é’BSA)USE?@“ﬁ&%‘?pé?SW‘b lapcetgl & Stch-conponent s
are al so not uﬁbi’esf%%ﬂuafza DavEpbaRAoR &Cpimawt-lbaﬁednhﬂahmvhccmes, siscabsence of
any ani mal derived conponents. Eéagqqtgre errﬁ&ébn%d rrents Ptg?]%onpl ete

met hod is cdhey ce@bgwfecrqd an¢) prog B VISYs W SR & ave been
directly derjeyefled mQBAFRIROGL) aAEWO OF3S3BRLEERICE s«ﬂrsmmcapahipoﬁngslg etc. In
a preferred enbodi nent t he met hod ofeg Oduc'cré%escn\ééifﬁ'&ellopetaECﬂ FI ED SHEET

(RULE 91)  \WDs'wspensiop i the 3prenseras Seruy
20 2005) It is demonstrated herem that these cells are also very su1table for production

of pohovnrus to high levels in serum-free suspension cultures.
Moreover, the condltrons employed are economlcally and regulatory
advantageous.’ h B
The use of mlcrocarrlers is not requn'ed for the instant invention, in contrast to
25 the w1dely used processes with Vero cells. Microcarriers contribute to high costs of .
poliovirus produced usmg the conventlonal Vero cell based processes.
Serum free according to the present mventlon means that the medium used for
cell growth and-infection lacks whole serum as an lngredlent It may not be entirely
| free of serum-derlved products such as for example bovme serum albumine (BSA),
30 however in preferred embodiments such components are also not present, or have
been recombmantly produced i m the absence of any animal derived components In
preferred embodlments, the complete method is carried out in the absence of any
| components that have been directly derived from animals, such as serum or serum-

components, etc. Ina preferred embodiment the method of producing a vaccme is

RECTIFIED SHEET (RULE 91)



7 perfornmed in ani mal conmponent free conditions. This nmeans that the nmedi um
used for cell growmh and infection is devoid of any aninmal derived
conponentwo 2Mwmes28r, any additives suppl emented to thePogdgiPaomdsI7061g t he
process of vaccine production are alsa free of aninmal-derived conponents.
The absence .of ani nal conponents in the 5pracess o ki ng. said .polio

vacci ne oPfréEey ippy Sorphpitent Eecghnditiagn Hop F@ansatﬁaﬂgsmsgluﬁbvse@ P5 reason,

PER. C6 Cebélﬁgro\%ﬁ &y AR b dévﬁf&l%f%& Shintg Qemﬁhérﬁs.%&ewbércﬁlwﬂ €
devel oped i n conpliance with GLP/GW are very wel|l suited for the use in

vacci ne naddifieastsupplamentdil fdf the eradiwn dtomethewdécescefivabeine prductaamderc hoosi ng
the optinmal culture iumfor the cells,and cjrcungtances useq is part of
the rout | He° S REAGPIE At Ry SRPP B S e 3R SPRe BhAGAT tParone T e bt t ur o
nedi a £ or pidagssI RS Qfd $IR REEHE BifelsAROEdsOthabisendrBUsntyillcd akaoye. t o the
skilled person and can generally be obtained from comrercial sources in

| ar ge quahel thisgsasonr PR S 0el liraedchere dplly plipraciereaca idmed cpltsomdaiieh Cul turi ng
can be do f i n i i t i Loreactors, using
batch,  t ed i ealoE ARl at B S e s a8 Pt sl BEEREC Y S

| ar ge scalscide(rmanifichuiigs Differostucltu@media ¢ar bisudely aidghooshy thewptitiag it is
preferred in the art to have cells capable of growing in suspension, and it
i s pref er Petre BreHBpbios dhq colls apaprempanses wiyddtPatelddC rentinRéaskpekiee of

ani ma o-%{?&- "y = = um
corrpoinoent gk.lﬁ t% el(E-:l t%%%ﬁ?flsgﬂ%&% 81?{{1& teglraiof%{hg Irbgggégﬁgﬁgmgﬁt(see e.g.
Ti ssue Culntvantéyn ke ddsmadl Koesgo thér dksléedgredsoRaind cgio penced iyt tlerabt{id&@i73) , and

R 1. 20 Freshney, Culture of aninmal cells: A manual of basic technique,
fourth edfPMOTPTFILRSOUFSIN [aige quanghes. of e A8opsdige sy Stoagifdm 1'r ce

cul ture meidbolNalithdl Of BiSRM e FGGREHAAN URNhE] ?ohlfé"r B6RRE SSintiofelGodsnvent i on

include but are not Iimted to standard media that can be ordered fromthe
cat al ogs vfingibalcla fed-halgh.scontimedugdy sigmCOMIBERIADTIordcThe retncvSdegntse4lé ¢

HyCl one, cat,. nos, 5H30871,. 5H30872). 25 Furt.her ustomordered nedia such
e peFhexERbipERL R RS AR b sl B R ars S BT R B e ¢ ha
may be sutdlRapatii®nr gtﬁa/irggﬁntsh@eﬁéi@ﬁ,aﬁﬁ%is fefthied 1orhaeBEEINtapie BEM
(I'nvitrogen, cat. no. 12582-011), EX-CELLTM VPRO nedi um (JRH Bi osci ences,

cat al og nbetbe cultysd ) the gbscarnaiRatmalo PRPRElgted seaim ohgsmak 980520,
5H30519) . 1 i | a =1 im b i t S
oboorby b PRSI GOR S BRI LS5, SIS TR b

i nvent i on(sek tlg. TisphedSulane/ Atadbiyiély Rreyss Birése add ®Phreson] fditorsUppsesmhRd, to
further inprove 8r oduct i vi t){ erm 'about’ or 'around  for

. Th
nuner ¢ al Fieahifys Cykurgod gninsl eplls: ér@%me 0%‘?@%9 ey e s edhiondYilfy- 10%
WO 2011/ 0P8 %?HD,%OE,PI%%?T@()Q@ ?-%%@8@-9). Serum-free culture media that can be used

according to the processes of the invention include but are not limited to standard
media that can be ordered from the catalogs of media vendors, including
CDM4PERMADb™ (Thermo Scientific HyClone, cat. nos. SH30871, SH30872).

25  Further, custom-ordered media such as Permexcis (Lonza) are suitable. Examples of
other serum-free media that may be suitable for use in the processes of the invention
are AEM (Invitrogen, cat. no. 12582-011), EX-CELL™ VPRO medium (JRH
Biosciences, catalog number 14561) and CDM4Retino™ (HyClone, cat. nos.
SH30520, SH30519).

30 In certain optional and non-limiting embodiments, it is possible to supplement
the serum-free media in the processes of the invention with lipids and/or hydrolysates
and/or other supplements, to further improve productivity.

The term ‘about’ or ‘around’ for numerical values as used in the present

disclosure means the value + 10%.



Infecting the cells with poliovirus and/or virus propagation in the
processes according to the present invention is for instance suitably

per f or mredwet2oa/meszper at ure of between about 33C and 38CPCirEpPpoiefsy7eed
enbodi nments, said infecting and/or virus propagation is perfornmed at a
tenperature of hetween about. 34C and 36C, i.n 5certain enpodi nents between
about 34.5C anqu%%l.ng 1 %e?]d.mﬁ’tpog‘%mls %‘E’g?r VIS QEIRAFFIAHE TREPTOSCSRFS: h

pol i ovi ru§ccjoﬁiiﬁ%]f% tRE 9@&&%%&%9[5%?915&%95 ﬂﬁtagfyﬁn%%hn&d‘é(teﬂ%gﬁ@raﬁﬁ‘@ for
i nstance be suitably done at a nultiplicity of “infection ( ) of between

0. 001 andofiletween dwut 339 adoiddCnbmirsierrsdicohbpdifents sryd indeqpmgfaodioed at an MO
of between. about 1 .and 3, .for instance, at M of 2., l.nfecting at
auch & 10V PRSP gR i skorpr 1SRk pE ety BsfioTE 6 1°TnEr) ey
furthes avgmBNEmboEMRhBMeRIdeh@bORTY. 5201 Bl 3¥i LLIE BotRHOGSSSC. Accor di ng
to the present invention, the cells are infected wth poliovirus,

preferably at ity thesdllsqatspalipvirpnindie peicpssasprserdng toehe presetti on wi t h

polioviru s pl t | | s . NS . 1x106

ol 1 o/ TRGRAERsABF R RET o MRS dofe PRy ERE b aRlinf BUIRERT 5700 anc
150x106 cBethatd0.001 Bnd €0 tiaicertdin eidodidttneyhodinteding,is paifetnicdfaeed M@I | s
performed at a cell density of between about 5x106 cells/m and 20x106

cel I s/ m , of itWEGIsibent d BdwESAndpsaet BxYEH dfebouw/ Zninfarnesudher cel | s/ nd
for ipsta . ﬂeﬁi he
procegiesﬂ%ﬁﬁghgﬂ?§§g%t'ohR f%%#%ﬁ!?%%”ﬁ?&ﬁ%@?éégﬁﬁh@%ﬁéﬁﬁﬁég?Péns at which

non- adenolighalfficiencyshigh ywddiog peeesr e manuf act ur ed. Advant ages of these

processes according.to the invention are that ve high titers of
bol T ovirus can SEBREdR HEprefenEmvaRtiane hecellnirg ifatedpihagliYinte hi gher than

with the FRIAMEEY !aP&‘ﬁigh\é%H %e&@?ﬁﬁ&%in@sgéd’t‘@th@ﬁﬁf%tid’i‘ir\ki;th polioviruk Rache _
processes according to the invention, the poliovirus is ha%vested at a tine
of bet weeplag@wherithé®cholavs aafensity ofitfeeeednoik 107 eelsamtanidr S dchemls, said 25

harvestin f the.poliovir [ rf at t of . bet ween about 18 and
50 hott s Braso & Beeh 2K ey A LB 0 Mst i B P RSE Rours,

bet ween ab@ubdidn@NshiRHfEeME Ss FrRmed Bf £6411 @sit Lo betRbcrrdiRut 5:24°hour s af ter
i nfection. Thus, the &;ocesses according to the invention can be _used to

obtai n t heellsinghandi 20t &’ asflsipdl fopinstanse bxiweamebapt fakd”, celitime andal 5 Ohel ps i n
MaKi NG tNEIRAQCAHSRIa: of BSoul PYLIP Ak XV Al Xre%@va%ttﬁeieﬂ%wsts%t tractive
ot mu a I'n e art.

conpar ed e C onger processes are conventi dna
Most | ar gef the ahventois pRridcahe bighéd cel$ catcentepdhatewhiak nbatadéhoviraf delisbat ch
processes because they are the nost straightforward to operate and scal e

up, affd sHRdTnsP sEeBBLaciedi Mdynfages pi lBCSIIreeBIce 2P erdingdo ficdeedider of the
1oL o P, RIS O ROBY QORREAECTLPROIA gy cont v
magnitude higher than with the conventional Vero processes of the prior art.
In the processes according to the invention, the poliovirus is harvested at a
time of between 12 and 48 hours after infection. In certain embodiments, said
25 harvesting of the poliovirus is performed at a time of between about 18 and 30 hours
after infection, for instance between about 20 and 28 hours, between about 22 and 26
hours after infection, ¢.g. at about 24 hours after infection. Thus, the processes
according to the invention can be used to obtain the high titers of poliovirus extremely
fast, which also helps in making the processes of the invention economically
30  extremely attractive compared to the much longer processes that are conventional in
the art.
Most large-scale suspension cultures are operated as batch or fed-batch

processes because they are the most straightforward to operate and scale up, and such

processes are in principle suitable for the processes of the instant invention. However,



certain enbodi nents of the present invention the producer cells are
cultured in a perfusion system Batch, fed-batch, perfusion, and perfusion
product i oNOppuo®eRes have been 5 used with PER C6 cel | #CTHEPQ010f064796
reconbi nant anti body production. In batch cultures, viable cell
concentration greater tg)an 2x106 cells/m are routinely achi eveId. Vi abl e

cel | concENAPHONOLRSSESPAKADBTESIANGI HCTRIGHAES BReom 1Bt MSFS$43PeR thul ti pl e

times usi pgiLemBadifknts o 1RSI LS PRRINGES BRI ks H8lcLinGRAGENt rati ons
over 150x106 cells/m are routinely achieved (Kral et al, 2009).

10Per f usi perfisidntaysieng of cells has its conventional meaning in the art,

i.e. it nmeans tha I i cul.turing, celLls are,retai ned by. a separation
devi ce i n-ani chaEherd B gt B GF e e EoR AP B B “densi ty
than pyi ofsddaviEPBR TG @ms,ae?a foireWbthBinatt@FiBodySpraBudtioh! BVba@dh G@ltescul ture
medi um The use of perfused culture is_in response to the challenge of

growi ng celabls call canesntraeisgreptesthar 13107 geligmarsgeutinchmabiaved Siake) . | n
Loorder t o] DSLERRSIAGASH UDERY cASITHYTL BofORSLARt hlripRihALEL ttent .
replaced w afres uppl'y 1n order to nake up for nutritiona

def i ci enciedsashdin gerfigf@vRode83ds Cpdak @l cbricentr@idny sivan 58k s@ @llk/award or a
better control of the culture environnent (pH, dO02, nutrient |evels, etc.).
Per f usi on'@¥inglyaghicketikim ¢t 8-398% -t he cul ture can be achi eved by ret aining

the cgjls Withpgr_f%s%ﬂ &l @%&9@@@&&@@ AR Enfde if GBS N, 20Spi n
filter, hollow fiber or f t plate rren%rane Ifters; settling tubes). In
certai n embaith thetndusingtchBursepen la tarcomtatiendi byen depamatidn Hévace moehitletheanigr i si ng
hol l ow fibers, i.e.. tupular nenbra . The internal dianeter. of. the tube is
usual Iy b&t QEBAW HicuHdies g ey 71l fnsitafhen DHSE ieshaBtien aprnaviichm |

certain efRadiiRMiow bP&INEHrShfiutiPPhEus &t‘%)erﬂ;%bdtdﬁﬁuféeim RBforlss tghosen

such that the size of the pores in the nmesh is 25close to the diameter of
t he cel | stheehsllangngf gravwighcelbtag highalengficecld. 4040iX B oedblle edlsmils). ban pass

the fjlter., Ip.other embodinents.. the mesh size is significantly. .smaller
than the BidshiiBrregre ERabTu S tparEraly: fdnirlaitdilyacracidat s
0. 1-30gm ﬁ@slﬂsulppgfti‘ﬂ@)@dbr% aR&Gp BorlnafitichaldefRRIUles And tcOidmokt kdxe¢  modul es
conprising hollow fibers are coomercially available fromfor exanple

General Ep@deets Pofusiopatsoyallays fetabgtiter somedl plidicsnltis cosisenment gplder to
mai nt ai n siqgg | S [ 11e o) nd t hereby
reduce | rrgﬁ?’int s It Fexlg]tsheetg'gu}%? %%@h%éﬁl% %@1&8411%1 hll t&@%gﬁ%%ﬂ@%%@ b%ase t hat
per f usi onagtsevedtbyaatinigdtho tllawitlah vati¢ties separdtiog devictucigiginantsh s general |y
carried out, gnly fromtinme to tinme during, cultur] ng as_desired. For

s

exanpt®, PR filfst 6alle fibst or Ngbpiasa MeobEms3pery. EpdoEdrRsd 79610 t ypi cal | y
0 ST P T TR SRR ot feain (o
tubular membranes. The internal diameter of the tube is usually between 0.3 and 6.0
mm, for instance between 0.5 and 2.0 mm. In certain embodiments, the mesh size
(pore size) in the membrane is chosen such that the size of the pores in the mesh is
25  close to the diameter of the cells, ensuring a high retention of cells while cell debris
can pass the filter. In other embodiments, the mesh size is significantly smaller than
the diameter of the cells. Preferably, the mesh size is between 0.1-30um, e.g. between
0.1 and 3 um, e.g. about 0.2 um. Filter modules comprising hollow fibers are
commercially available from for example General Electric (formerly Amersham).
30 Perfusion is used in order to maintain desired levels of certain metabolites and
to remove and thereby reduce impurities in the culture medium. It is typically the case

that perfusion is not carried out at all times during culturing and is generally carried

out only from time to time during culturing as desired. For example, perfusion is not



Several perfusion systens are known in the art and are in principle
suitable for use in processes of the present invention. Wth the term
"perfusi oNOyHE@A8231 s meant 5 the conbinati on of a bi or eattEreo100MTEEt €d tO
a separation device. The separation de@ice can either be incorporated in

t he b|oreacto mesh s filter) or r out si de the

bi or eact ofYP{%! 1@ mﬂ%ﬁﬂ Bwnlf%fﬁéfsﬁﬂauf HCBBRMPLLeNs Susb 2 gBioRI g Bove, ¢ he
separat i ogedg%&ﬁa@q&iv&@tﬁ%emmglaggd the cell mass fromthe reactor and
enabl es nmedium refreshnment. In certain enbodi nents, the bioreactors are

operated with Sef(ea:admaéoslem systymsagre &hown mathicragt andralgemtpr'mlcipﬂet swab &1
per f usi ong%%/lst em stem. R ast nover,

) S ot g SE e e R ol Wildpe R Dy e SRt T Hs "D

per sons skitlel @ehbiatibh 8f @blor@ddebrasnktR&drtb la%gpdrﬂhonf iR XBPdParatifn US
6, 544, 424. Operation of the ATF perfusion system has been described, and is

scal abl e {Fieesan ezt@ezl)e inporporsfestia the bipteaqior tee. dar mesh pibdilistlarur ed 15f or a

| onger Perdagh 8li iR FOLS: ePShL dheheld v ORLL B L EhRU oV 19 2

bl ocked fi ensitre over 0 x 106

vi abl e cetﬁesépdra@camdv&eqb&@nfseﬁlashmﬁtmfttﬂiwcdm&ﬁa@ffroamth%Tana&rafndehMe§yst em
e.g. with PER C6 cells (see e.g. Yallop et al, 2005 and WO 2005/ 095578).
However, MeduFpEEegypenteln %@%W@WW@%O@WP&S FHORRBHELEEn syst ens

dd | et el
were ypede %ecc[&f:tgyglh g@é#natﬂlrgq C'th{é%rﬂva% %@m&ﬁggh%%t?ﬁl & gr@TFOWp etely

di f f er ent " pur pose, ovi rus tarn
enbodi menfgsterpeRéfusi Bachuolbpy, far., IssaHpheyca NIATFangystia ilowscaadeanbiagebus

during the precul tur ase (i bef ore infection li.Q us), since
it all omsa%f@%r%@e@eﬁ{}'ﬂ%“@w%}@rp eRnEiHsddE thegibands Gl ot good
condi tiong{ QIS HHW?M 42416?}%{%&% o\f"tHeUA”PPbbr@Nélérﬂs%fstehﬂhé%r&@ﬁ to reach said
hi gh cel | denS|t|es ‘the 25culture nediumis in cértain enbodi ments at

| east par t¢satibgd, ped fsuseeldbldlﬁ}?umg, %)OébrATFOWSMmStalm tHacelrgodelcultgiedwt h. 1 n

cert e iment s fusio tarte ensi t et,ween about
106101 abite IRERT eriePraEatDs Sechufed ) FERGeS EpuURRE 4 dodSU RN, B2
processesfifér. ifiRed, tBBIMEY higle €11 Eendities bNwE ool xvyof PiapRIde YT Usn bEYPI cal |y,
the virus will be exposed to the appropriate producer cell under optinal

condi t i ongbtamgd pathrihe vsarrf anpy Bk pergifsianeysigny, 9. WithdERer e 6¢llssé¢d ¢-8d in t he
t k f t t at
ar ”OWSYQH 59 F 004 (ah@m%g%%bsf{& r—?ﬁ&e\%@ﬂkﬁds Eérhﬁhegogi [, agitation,

pH, dlssolve oxygen 'he opti on is betmeen

about 50 BAEH. @&llﬁmpeﬁ%mm@bﬂemsamuhseﬂ%r reZ@tﬁbm@n@rodihﬂmh of50, typical DO
is 5-60% the optinal i s betwee pically, . poliovirus

i nf ect® t AEbodipsiop Cewelqtq%véﬁfqr@ﬁ Pé}’fﬂ?ﬁ? é‘ﬁ@@%llll@“eéﬁﬂﬂb??l}?@i‘lﬁ@ the WO
20111 006823 PCTHEAARPLARRIMEn L hoPRLIoR Wift By COMAC WL PR H@v' rus

particles is su icient for infection o y, a poliovirus

seed stoc kd\rastagd(uiescdlmmg ttkkwpreuiltum phase (uen btfoat iafdchbe etithgo]ioams) ssulrsequent | y

the poli Owailows 8&2131? ga\tieer§ h%grlll cteﬂ densmes and the cells are in good condition for
subsequent infection with poliovirus. In order to reach said high cell densities, the

25 culture medium is in certain embodiments at least partially perfused during a portion
of time during cell growth. In certain embodiments, perfusion is started once a cell
density between about 2x10° viable cells/mL and 8x10° viable cells/mL is reached.

In the processes of the invention, cells are infected with poliovirus. Typically,

the virus will be exposed to the appropriate producer cell under optimal conditions,

30  permitting uptake of the virus. The person skilled in the art knows how to find the
optimal further conditions, i.e. for agitation, pH, dissolved oxygen (dO, or DO).
Usually, the optimal agitation is between about 50 and 300 rpm, typically about 100-
200, e.g. about 150, typical DO is 5-60%, the optimal pH is between 6.7 and 7.7.

Typically, poliovirus infects the cells of the invention spontancously, and bringing the



It was advant ageously possible to infect a cell culture according to the

5invention with poliovirus at high cell densities, i.e. around 10x106
cel | s/ mL,warrdivmwsse3hi gh titers (higher than 101 CCl D50/ mCX/E®R0100OFI70¢1 r US
wer e obt ai ned. In certain enbodibents, the viabili ty of the cell

culture pripr. to infectjon.remains her_ .t.he 5% hat at | east
75% of t hESIRGRICoRRIBLNID Qll%vwgaﬁtﬁpeﬁﬁ%%ﬁm}nf@r iRl edelitne moment  of
infecti OnGeh&aWratlﬁﬂleﬁu@&QH BBk & adHQ@toVﬁl@thltdrE Yo RitiatOnR&tieg! dngcul ture at
infection is at” 'l east 80% in further embodi nents at [east 85% Viability

can be neaélﬂﬁwnﬂgthwg)qhommmomamsdsﬂmﬁalm able to the skilled person, e.g.
trypan bl ue ex In a certain

| | h [ i
rbed ent - e nE RVl B imsh R Pl Bt Afontinato By 166 and

50x106; Vi ﬁﬁ%ﬁtl(ﬁﬁ\kzitﬁbﬂﬂ}owﬁlﬁ @t hllgﬁtc&\ﬁf@éhs@ttb@uﬁe 356h6 0210t 0NHPSavd vhi e
cell's/n, 15e.g. between ahout 10x106 and 15x106 vi abl e cel [s/mL.” These

cel | denshighdsera(higheritean HY' gACUDn(rs) pfﬁﬂ%’ﬂI‘U@W@pe eiiteired.i i t ed accunul ati on
of cell debrispang o boccﬁlngnt% viﬁ'@ lﬁy ?Qt'g%%@ll 691&9}588&%%&8{10 { hese

enbodi ments i n down stream processin rus harve Thus, the

present i renedidd lphd@miesn o5, rﬂéhnﬁigtﬂlﬁ]ﬂalwtsmmeﬁﬁleft@thl ABbUvF IR mﬂmduct i on,
yi el di ng higg titers of poliovirus, while at the sanme tinme 20 providing a

harvest nadlBye & vighgat the momang Ofr’ﬂﬁe&é‘@&ﬂpé@ftﬁfl cHORAIRMe it rdb i ng
PUr PORES. th cell eyt {;g%ft@ggsg% HERDEE yﬁmﬁ&'ehb%aﬂﬁélﬁyaﬂé ol fgction is

bet ween a bet ween about’ 15x106 and
80x106 ceMiabfility caebgmebmrwbmmmune ﬁﬁﬂ]bﬂﬁamtdbﬁﬁﬂﬂ&&kdkﬂdlmtsmh e.knfections

at these cell sities r duce eyen 25hi gher concentrations of virus.
In cert ai Fp’%a,ﬂ}g %ﬁtlu‘fséo%\zm%/%gel %ﬁ‘e 1§< °met hod is provided for producing
poliovirus bul k fterphit éﬁl@(’idlﬁ’lfenta%el d%ﬁ%i%nﬁ@rjat GELIRIY iTbetwERE abduk §0x 1 (P

expressed as CCl D50, whi is 50% of the’'cell culture infective dose. This
is soneti WEES(hdeovmblﬁ@leH@dllt @gabetW@ID@@u( 500600 find RM@eV@bletqsvﬂ&/mlnf ectl ve

usea e o, bV bl Gy 97 EIPC B eREhae b et i EBSAIPSTE T ow

the virushio@ viirb prddus@iel wih lifiRAdcd@mpitapagate delﬁ@gaﬂdnﬁ)tqmmNAhe viral
seed lot is added to thé cell culture and allowed to absorb on the cells,

for i nst andehigyesapadvadmeermithgse smbpdigranty ia dewinrsticsy precespingdlotie 30 r prr)

af ter whi el (s LBGLGUELUY B TEClcHTh0EioRr ARG i RELAGRS ed VO

poliovirus production, yielding high titers of poliovirus, while at the same time
20  providing a harvest material that is still manageable for down stream processing
purposes.

In other embodiments, the cell density at infection is between about 15x10°
and 150x10° cells/mL, ¢.g. between about 15x10° and 80x10° cells/mL, ¢.g. between
about 20x10° and 50x10° cells/mL. Infections at these cell densities may produce even

25  higher concentrations of virus.

In certain embodiments of the invention, a method is provided for producing
poliovirus bulk at a titer of at least 10'® CCIDso/ml.

The titer is expressed as CCIDsg, which is 50% of the cell culture infective
dose. This is sometimes also referred to as TCIDso (50% of tissue culture infective

30  dose), but since it is determined by cell culture, the term CCIDs is used herein.

The virus is placed in contact with the cells to allow the virus to infect said
cells and to propagate. For instance, the viral seed lot is added to the cell culture and
allowed to absorb on the cells, for instance for about 30 minutes at gentle stirring (e.g.

about 30 rpm), after which further culture medium may be added and the pH adjusted



if desired, stirring speed nmay be adjusted and the cul ture naintained.
After the infection step, anplification of the nunber of virus particles
t akes pl awe.200f006828r se, also this step is preferably perComreaoioro7PER. C6
cells that are cultured in suspensioni2n the absence of serum and nore
preferably under conditions that are conpletely 5 free of. conponents
directly fiekr SHGSBTRCRIS W%eds%né*f}g%awtlg%w%ﬁuye%éf&éFl%e_or med in

bi or eact O{ﬁecﬁfoﬁrstegn%@m&maﬁ 0P BRI RE o PRHNGRRiclesaRiEbs 7 R08f bdr &, S, €. 0.
bet ween 10 and 2000 ITters, e.g. between 50 and 1000 I'iters, which scale
can easi | ylspthisstppstprcfctablyt prafoteed P ERICG dedls vt efernaltuted ie euspansion

enbodi nents, the bioreactor .is a si.ngle use biqreacto SUB OAft er

o opagat | BHIBAOERE SO TErv SRorF R AL alrer SPRESRF Ak aS Aobblfent o
thereof ange basomRsInesks idieenst ieives lontallidseThil Rich cgﬁmﬁ«@%}ﬁwrﬁhm@ut i ne

met hods, which are as such known to the skilled person. e virus produced
and r el eadebjojcactprsefas éngtansg fat spekes ebb¢tiiere Aiand 80 88 licat, e betoierr @ cel | ul ar
bi omass b j.onal - i f [ | filtration,
and har volt A2 Pl im0 BT SRR ScattdBhic ol i onor

filtrati otheidentahé fdrahy esdcindglnsdceain bvdentntOnad bipfaces sessifigle uk@r vest i ng
the virus can be used, for instance those described in US 4,525,349. In
brief, thBiorsagior §SHBYAI um suspension containing the virus is typically

wi thdfgun, {11 hGioethoBeh SRBPARIRD SR SR NDHARAR oilcbhbiduty at i on. For
instance, at the end of the culture, harvesting is carried out by
col | ect i nthetdo€ arHatrwsted o the 20 cohtr@i Tihingart bedatiertgd rostisp@nthods). The

harvest can.be filtered, for instance usi a 0.22 lamfjlter,. .and
opti onal | vﬁ G ieh Keown fo the S%It]I‘@dPFI]S?%r wymcggw%ﬁ[eﬁémw be

ul trafiltedf QoutOmeOREERhREEpdried YohPihe SHBRENSLARs BNDnSHRRAGUeNt Iy, the
poliovirus can be purified, e.g. using gel filtration and/or ion exchange

chr omat ogmafiteds, siich ad eestrangaiohalr ubiviiigatidue and buechinds thesupsdesat.ilbed i n US
4,525, 349 r in (Van zel. et 1978) . , The .resul ti.ng concentrated virus
suspetitt o BB iERurfiliot br Rleud® e Reliat LREVFBOTne polt ovi r us
therein V\'pﬂdced@@s foBﬁ@ﬂvbMﬁig&He Vlfr@§ ca%e%e&@@iﬂﬁbﬁ&ﬁﬁbse@&&%ﬁ is@y be used.
Met hods for harvestlng and purifying polio virus or viral conmponents, and

product i oft.588.3¢xdaibries thalequad meaiuar suspesipn; gontaeng the i igepkabs al r eady,

and thus ar I bed, . e le in
(Van vesel i RlysEAR(ELRANIRY By REFRGER RSl P yihec1RTE

4, 525, 349nd éff the bulage farasetk Byarredenebe eolkeetigg the culture m&dlmo vacci nes are
based on live virus or inactivated virus. They contain the poliovirus

D- ant #Qenconfpining the virHsusnepypr.akfte l}ﬁf‘é?tsb‘éaﬂlit\?éﬂé‘hﬁq’ garinstynceysingiad) s can be
WO 2011/0 | nmeasured by standard virus titration
techniqueg?ﬁﬁﬁﬁﬁgmﬁﬁégﬁgkgéﬁ%ﬁg%%g% of the D-antigen concentration is al so
per f ormed by r ®be fiterctl detvastopar sptiaially e ol ftlpatethe chictitede thevereh, e. g. the
D-antigen ELI SA ass ' Lhst ance . be ermned by in

Vi vo. t ot PRECTIPTaAT 5o BB G ey P TS CHb P TR er it £ gioon
and/or ion exchange chromatography, for instance following the procedures as
25  described in US 4,525,349, or in (Van Wezel et al, 1978). The resulting concentrated
virus suspension can optionally be diluted, and for preparing IPV the poliovirus
therein will be inactivated, for which conventional methods can be used.
Methods for harvesting and purifying polio virus or viral components, and
production of vaccines therefrom are used in the art for decades already, and thus are
30  well known and have been amply described, for example in (Van Wezel et al, 1978;
Montagnon et al, 1984; WO 2007/007344; US 4,525,349), all incorporated by
reference herein.
Polio vaccines are based on live virus or inactivated virus. They contain the

poliovirus D-antigen, which is the important protective antigen. Virus yields can be



5 antigen ELI SA and by a poliovirus neutralizing cell culture assay on sera
from previously inmuni zed rats. In general, each of the poliovirus
strains iwocoittawse2d i n a separate process, and if for i rsrTare@oas47vé val ent
vacci ne containing three types of poli®virus is prepared, the (inactivated,
for IPV) viruses are mixed and formyl ated for preparation of individual
10dos ages MePHIRERY i aédx-rﬁla%ﬁ BEO8 Py 1@?%%6}1{9}8%_8%?%%&%&%%% per dose

(e. 9. 0.5, genMBicchhatibS LABGRIBARR b Roufifle ReRihLaah ididwh o) of type 1
pol i ovirus, DU of type 2 poliovirus and 32 DU of type 3 poliovirus,

det er mi neskibgd posqarcigs the R-entighdrldfdeaspaye pamanogmacityl oan ¢or insteiarbeof
poliovirusg can be done according.t t hods kno in the .ar 5f or

"ot ance. JFERNPSH Rl B0 H BV orckeman PBRrF et g efpang ot al |
1986) .5 | Na@Bich NS AHAQ B MG virhd@GtraNAhy 0811 btuPeidsy b Seriifiolh formal in, for
instance by the follow ng nmethod: the purified viral suspension is filtered
over a 0.PZvipulyrimmamizedfigdating to 37C with steady magnetic stirring for 24
hours, after ' f |yt |.S: - L.ev ration of
per 4000, v FacRaRRB R oHbAR SiFud Rl R AR AR LY ¢
stirring ifoc@shahdedivhrnt vdreinkicostiniuthradayscs oDpolibdrsiixpRepsiay, thé he viral
suspension is filtered over a 0.22 mcron nenbrane, and inactivatjon is
cont i nued(ip#dpted yiopEnY) Wrsat arg pexehind fopmulateddpr prepaton ofjadividyat i vat ed

viral 1@“588§3§és‘?ﬁ‘n'&e?1a'ﬂ9§(g§&ﬁn§a fﬁ‘}?‘%ﬁg};@’ Sindf QB Qr&’os.eg‘é.g."(% ter this

step, concentrated and or adm ni strationmay be prepared
for 25i nstapder ibytamicxiongprist1 0 degitiged upite(dA pofi tpps 1 poliovirus) SiDEesf tapa

enbodi nenf s, ..the purifi oliq virus or, viral conmponent is fornulated into
a phar nacé@?ll%‘éws@ﬁﬂﬁéé?e[?Pnge“%mo Oz BECEBREd AR EOPRITHGN {3 oty of
met hods apdpmaiifg. a variety of buffers all according to routine nethods
wel | knowh {0 the person skilled in the art. In general, it entails

bringi ng t he pblacavaouiof psligrarusiceh be dome axcpidargntacedihédsdinoynae deptrabl e
conpositign,. conpri.si the polig@ virus and | east a.pharma ically
accoprabl PraRER e O o kot Re e SRS uBeGhEET S ond: i ons
known to tihergki dhgstimedts dRact®aGor B pedbiraddwRRRAHTB o8 istinsdiby @l e for
adm nistration to humans. In certain enbodi nents, the conposition may

conpri se Borargactont e ouritied il sukncasiomin/filgyed ovriki0y2emvpemiranav 199,
o C o hE o3RRI HRR? AR A r b2 RS AT WIRTHRRRGEN D 1o o

certain regi stered conventionaf inac i'oviTus vaccines. Further,
phosphat esdiufidreis addsktoiaokichay chectisgtbn drlcher BH0D| Walle togagethkadmall at i ons
may conprise for instance 0.5% of, 2-phenoxyethanol and a paxi mum of 0. 02%
of f

ottral BRGNS/ dostBe SSRGS ERpbicantipicdder ha iy éaur dphfihlceut i cal |y
accept abl g gafy | BLR Al WREGLY G0HReRAGvH d HOPHcRhhotlhndaRyN 10 Lhe art

and used extensive w de range o erapeuti c products. Preferably,
carriers ametiapphiecntinatd waick swspbisidmatBaeC iunelsthe bwelékrdapiTheenbodi ment s,
the vacci Pn%gtivated viral suspension is homogenized and may be stored, e.g. at 4°C. After this

step, concentrated and/or final batches for administration may be prepared for
25  instance by mixing the desired preparations.

In certain embodiments, the purified polio virus or viral component is

formulated into a pharmaceutical composition. This can be done according to a

variety of methods and using a variety of buffers all according to routine methods

well known to the person skilled in the art. In general, it entails bringing the polio
30  wvirus particles in a pharmaceutically acceptable composition, comprising the polio

virus and at least a pharmaceutically acceptable excipient. Such a composition may be

prepared under conditions known to the skilled person, and in certain embodiments is

suitable for administration to humans. In certain embodiments, the composition may

comprise buffered culture medium, which may optionally be Medium M-199, which



further conprise an adjuvant, e.g. alum Adjuvants are known in the art to
further increase the imune response to an applied antigenic determ nant.
10For admwoi2et1é00682d t o humans, the invention may enpl oy Ppharawoest7p€E al
conposi tions conprising the polio virus and a pharmaceutically acceptable

e Cept abl EREANETPHEHOR R APF Fa i COES e o PHE A i
concent r a Qs STRIHRY, %ﬁosp\ﬂhﬂelbuﬂ@{;ed%@%@m@?lﬁe UM Edhe Phah@saiul effects in

the subjects to which they are adm nistered. Such 15pharmaceutical ly
accept abl érgalatioss giapeomexied ﬁ@r entasicad 4 Vel 3-phkerowpethanol hed antax{ngee of

Rem ngt on! i ences A. R GCennaro, Ed., Mack
Publlshlngﬁééﬁggnﬁnﬁg fpmﬁﬁﬁFﬁﬁggH?$g)ldﬁg?ﬁﬂPgY?on Devel oprent of

Pepti dgs and Pppir@iabsutic@ly fécefiiaBRIcantls br cxopiaRaditd difsdsts arcTR¥ll Rhown Fr anci s
[ 2000]; and Handbook of Pharnmaceutical Excipients, 3rd edition, A Kibbe,
Ed., Phar elbe artiagd is2oPtesy c[y20@0Yile rapge o therapiwide preduets \Paefetrbbol i o vi r us
or i muno SR &apé‘é}}pﬁ @ﬂ%ﬁ%@k&l BRI, %%elfté){lfé}ﬂgég%&jen %&%@%ﬂ%“ered as
a sterile so Gt ol S e sarut’l Ons are pre erile Yration or
by ot her fetheocsmpiwn aﬂﬁrvaﬁteelgnaltlﬂleAajdvantIraee ﬁmwuim@hearatceﬁ;tﬂhan

| yophilized or filled into pharmaceutical dgsage contai ners. The pH of the
sol ution GEFreratheymmying fesppiescrta g arpifedptigenc dgemnigante g pH 5.0 to 7.5. The

polio;@5 virus HEHH t QhﬁQS sol ution
haV|nd?a SUIt&E?%W% arﬁg%gﬁ%ﬁgg yﬁgéggﬁﬁgﬁﬁﬁx é}yhan IE]]’egisolutlon of
pol i o vi r cempasyticals sompasingithe @olealitus aﬁzd)'a lphmarialcyuts:akijuaMepiah@ @gamtormay be
present, such as %irunln In certain odlnents det er ent i S dded In
certain effoRIFHeHt €C PERENLFRRICKR éheﬁﬁ’?n FEATRISE EVoa‘iC?RtB SneHSdBetabl e
preparat'9Bcé§ﬁ?%@e£ﬁ@€MJﬁ%h@Héy@&ﬂh@k%n@&ﬁﬁ%&ﬁﬂ@nﬁgﬁﬂpHﬂﬂ%oﬂ&m&?"0 Vi rus
or immunogenic parts thereof, are either sterile Ii quid solutions, liquid
suspensi oy mrwd,n}?@igﬂn Harrnfd cffests imoths salecte st Whinhthey aa:foﬁdramltstfs’@@tﬁuphzer s or
excipgfntsh %i/OOG%Z CT/EP20 0/ 059796 15 aCC|ne can be
nmonoval enP M EEHTATH namg%g yPe B 5o YA %%e(%vﬁgmﬁm’ m%é or dival ent

(cont ai ni REminkRortYPIRSMAEcuPIOAl RRIAnCES 1 8@ cditidny RER . Gemmtlo, Aid. Ma,aa 3 or 2 and
3), or trlvalent(é)ontaln ng three types of oliovirus, i.e fes 1, 2 and

3). It isPpdubing rmwnm{&) ePhapwagquiigs \iorautagipe %®¢1Pbmﬁlﬁtlj§§’§Ptl
A' ter natiy fdnﬂrog €V85FI{H% hePShdPl, mﬁ?&é@%@rd‘c fsgénf 3%{1% &Wé %‘Ikc[gb{)%éa p! i ovirus,

from rn's I'ns, rnsk of
r e| nt r od quam@adoklocﬂthmcaﬁidaDEmpnsmﬁ;nmcHi?MnnAnI{ﬂfbeI Bd.| Pigaraesitiealy. WO
2007/ 007344, and Doi et 2001). The present invention |s SU|tabIe for

produd i oRress [340PH- T%@rﬁ“&dulmwe@dw%@%uw mnyHgeenic pargs thereat t ype 1
strain Ma ?&Xbl WP ?ﬁ{erd%a ab/ﬁﬁnst%fedtay 9§ﬁﬁle§oglﬁiﬁ)%.st§§e§ﬁ§gﬁauoﬁﬁ atiel | as of

non- vi r ul ypes of politovirus (e.g. the Sa ). e I nvention
can thus bepalsédbytswrlﬂﬁ Bltaten poby other msthbds kid¥ pase wethe agsThor OPV. The

processes ccordin B ve na ied to produce | PV ve to
i ve t noggatgunien Sooliredar Blediis B eron HE eSO RE S R PaB e o | ess
and | east ofg¥ebRngH sGRUNLT L Bothe APl 1.0 (gomeE AloHORY1d 3 shRERAI than | PV
when prepared according to conventlonal nethods the high
25 virus or immunogenic parts thereof typically are in a solution having a sultable
pharmaceutically acceptable buffer, and the solution of polio virus may also contain a
salt. Optionally stabilizing agent may be present, such as albumin. In certain
embodiments, detergent is added. In certain embodiments, the vaccine may be
formulated into an injectable preparation. These formulations contain effective
30  amounts of polio virus or immunogenic parts thereof, are either sterile liquid

solutions, liquid suspensions or lyophilized versions and optionally contain stabilizers

or excipients.



15efficient processes of the invention can still reduce the costs of the
bul k material for OPV and hence reduce the costs thereof as well. The
adm ni st raDi2on/682a pol i o vacci ne can for instance be pectrmrawd/ 059796
intranuscularly, intradermally, or orably, according to nmethods known in

the art. The pol j.ovirus vagci ne obtai nabl e. accordi n grthe nven ion can
be used as a 2®°2P FAFLY GHLVEMOVALL, Bﬂ‘ﬂtaﬁnﬁlg&%éwee%lﬁ’(? PHEN be

combi ned Wﬁ)hop&hb%nt (@&%ﬂﬂ t'vd& t%’b“s Jf‘i‘oﬁ%@fus”@@ es Parflt 2, |1ndnrdr3e0rfpr mof a
conbi ned vacci ne agai nst thefia, pertussis, fetanus and polio, and can

opt i onal | ynd fcbudealkat ¢chetra1m@:thm¢dymrqf@nbmlms e¢.gypcadalmsd 3hepatitis B

and/ or heanophi.l us . fluen c. T oliovirus is jtable for
Goe Th rare s e B SRR P Y meim Dy PR ke ta ek S on i ned
with the Mﬁg% Pesdulced frbﬁltnoﬂf@ﬁﬂ@}ﬁlhv§ﬁﬂhd@ﬁﬂs)/e b ordin ﬂiéeSthrpﬂﬁdmsPQJh[c%VI rus
vacci nes, e vaccine according to the invention can be given as a single

dose, or peelddpgheryedyredhs Hgk égmbd@@ﬂ&ﬁﬂétw%mmémﬁﬂﬁﬂﬁpmﬂPy'doses of
vacci ne aﬁﬁaﬁﬂah%héhﬁr%g%W%5QO@HB‘?9&'%&9? mgg&@r¥ﬁ$§ %h@

i njections i me |n erva 0se 6-12

mont hs Iamamnm&&ﬁﬁQﬁo®nﬂbﬂBﬁ@ﬂanﬂkﬂmﬂbahupaﬂkmaQ2dﬁ&e egqhqued by a second
dose about 8 weeks later and a third dose 8-12 nonths after t he second

dose; or ﬁtaarm MideRsE &YIedh stiat NHiEs ontypp Sstragy Saukefbsas vwall agrofgonyingleak s of
d
age, #;%oﬁ%vﬁg&%y rt%ﬁ? 1@9%%?2?13{%&5@% c&h tr’n{g%efu's{oﬁtfo 6[98&& e@nd a

thlrd dos or exanple only singl e dose
for previ poﬂxjvm‘uv&ndPN’aaEWekbes foi¥P \atThenpro@assdccarding tethe. invidneoonpt i mal

dosage re can be d rnlned 1/ 006823PCT/ EP2010/ 0597

accor di ngngRqE Cd{QREPAHEF ﬁ’edmeaperﬁ? L T Y8 ity et BR B the same
schemes aga e&snd Arailhbie t@lé@-é !nﬁplle%t H@bél&lyédrdéﬁnt\‘ﬁ§ %lﬂf‘o%gh in general GV Nvention
is further explained in the foll ow ng exanples. The exanples do not limt

the |nvenwumﬁqmnﬂmnﬂPMaﬁmnﬁheynmmmﬁbyhmemVEHV@nvhdnnﬂ#o¢hémdm@éﬁt|on 5
cel 1570 heinppspaan ot B epBi UeRIERR e B B Os ™M Bana
gener at e OP\WUsnd hence reduce the costs thereof as well.
The administration of a polio vaccine can for instance be performed
intramuscularly, intradermally, or orally, according to methods known in the art.
The poliovirus vaccine obtainable according to the invention can be used as a
20  stand-alone vaccine, but in other embodiments can be combined with other vaccines
in the regular manner, e.g. in the form of a combined vaccine against diphtheria,
pertussis, tetanus and polio, and can optionally include further vaccine components,
¢.g. against hepatitis B and/or heamophilus influenzae, etc. Thus, the poliovirus is
suitable for use in the expanded program on immunization (EPI), and can be
25  combined with the vaccines in that program. Similarly to conventional poliovirus
vaccines, the vaccine according to the invention can be given as a single dose, or
preferably in prime-boost regimens wherein multiple doses of vaccine are
administered with appropriate time intervals, ¢.g. two injections at a 1-2 month time
interval, followed by a booster dose 6-12 months later; or for instance an initial oral
30  dose, followed by a second dose about 8 weeks later and a third dose 8-12 months
after the second dose; or for instance for infants a first oral dose at at 6-12 weeks of
age, followed by a second dose about 8 weeks after the first dose and a third dose at
about 6-18 months of age; or for example only a single dose for previously vaccinated

persons at increased risk; etc. The optimal dosage regime can be determined



10st ocks, poliovirus type 1 (Brunenders), type 2 (MEF-1) and type 3
(Sauckett), were obtained from SBL (Sweden). Titers of these stocks, each
produced WO 2vwmwes2el | s, were around 106 CCl D50/ m . PER E@6T@PRe19/0647aé | aux et
al, 1998) were grown in culture nedi umﬁ(DI\/EM with 10% FBS and 10mM MyC12) .

Three T175 fl sks were see with 3 PER.C6. cel I s/flask in 25 m

cul ture naGPHRE B Stenart @9%@3&&%??1 13%6%%(&0 1% ¢ s heBe TR day
with a ”Uﬁfo's@fdr(ﬂ'leté’vaﬁflblbBBﬁ'&\HﬁBQzaéMQ of 0.1 (0.1 CCID50/cell) at 37C and
10% CQ2 in a humdified incubator. Three days later, cells and medi um were

harvest ed and th@d]eyemgmals éw*tlwelesplpmeqbar@d fchii,owmg) exmzseﬂﬂlhamamglcis ds.

Fol I owi ng ntrifugation.to re bris ernatants were

i vi ded RO G BN 8 e reudrry et P hE SERECAI7S 1 | ask was
seededswi th 6.25x106 20 Vero cells in 25 m Vero cell culture nedium
(Optipro SFM medi um suppl enmented with 4 nM L-gl utam ne) for each strain of
poliovirus and infected with the same MJds. The Vero cultures were also
harvested after 3 days, freeze/th and aliquotted for storage.

Production of poliovirus was then guan ed by a CCI D50 assay using Vero

25cel |'s. Heample 1: Efﬁ&xm%oyﬁrt@n@fbbﬁom&@nwﬁdeﬂwm each/ivel | of a 96-well
plate in 100 ul nmedium and i ncubated at 37C and 5% CO2. The next. day, a
series of 15 fil9d&est progagationof sakoirusoR@dperndRER-GS cedn#degengrecevipisepar ed i n

V | d 15
added To LB HOPHRS T AMAAGaf ol 1 PIEELD Hhd R AU S 1o 5%
served asobtainadifinfreSBEdSwedtn).olitecod fithese s&&ksmad&mdﬁmdaine‘v’er’ohellwel | s were

I df f th ff dtit
ol ol at e oSG 1o abh PR ber et < BhdgOFht v e (1 e < xo-
07 2+ n* Exedi MRIROEM QIGA3PITL ERZOOAAPRALIN, Hlclerealkshierd BRakTi 0 val ue

of the highest dllutlon at which i noculations are still positive, dis
t he 1 ogi owwtaB@el(bfPEzRq€6ctplllaéﬂwlmnﬂémlmultu@ededlwnlfer ¢dal tmrﬂfe)pho‘fmrsepl i cat es

et at gt TaeneRt s rern e kB P fortBrih ORFh LR Qe "are depi cted
in Fig. 1C®D950$déﬂ)’\éttm€ a@8 10% COzina hurmdlﬁed incubator. Three days later, cells
and medium were harvested and crude lysates were prepared by two freeze/thaw
cycles. Following centrifugation to remove the cell debris, supernatants were divided
in aliquots and stored at -80°C. In parallel, one T175 flask was seeded with 6.25x10°
20  Vero cells in 25 ml Vero cell culture medium (Optipro SFM medium supplemented
with 4 mM L-glutamine) for each strain of poliovirus and infected with the same
MOlIs. The Vero cultures were also harvested after 3 days, freeze/thawed twice and
aliquotted for storage.
Production of poliovirus was then quantified by a CCIDs, assay using Vero
25  cells. Hereto, 1.25x10" Vero cells were seeded in each well of a 96-well plate in 100
ul medium and incubated at 37°C and 5% CO,. The next day, a series of 15 five-fold
dilutions of the poliovirus samples were prepared in Vero cell culture medium and
100 pl of the dilutions number 5 to 15 were added to column 1 to 11 in the 96-well
plate in eight-fold. Column 12 served as an uninfected control column. Seven days
30 later the wells were analyzed for occurrence of cytopathogenic effect (CPE) and titers
were calculated using the Spearman-Kérber method:

Endpoint titer (logio)= Xo- d/2+d/n*ZX;



5adherent PER C6 cells the titers were >5 tinmes higher than on Vero cells
for type 1 poliovirus and >10 tines higher in case of type 2 and 3.

Di ff erencwe 20n/qe682duct i on of virus particles per cell aPeTEPp@EONST 0 be
smal | er since nore PER C6 cells were s2eded. For both PER C6 and Vero the

confluence of the ce|ll nonol gyer, was timated.to pe -80% 10Fr t hese
exper | e X e iy G&@dva?%&af%ﬁ‘r st Apigprat ﬁigv‘?fb%}f)ma@ﬁ%ﬁlﬁ%&ﬁf‘e%t@m mono
layers of ,5ERC i§§1|e|l§%1¥‘@?ﬁu;@Bfﬂh@@ﬁﬁti&?fa@%‘?@%@gl?n%hy%hﬁlbgﬁéﬁr%phc%ﬁrﬁpl e 2

Efficient production of poliovirus in PER cell's in suspension To
i nvest i gatahtdigtipn ephfXt is ¢ine sfim pOll wlly thet aa pPERYOBCcIdIngdilutios ¥spensi on,

15smal | | i f d tq test.diff t t di a,
o tipli oy of h el fioRe MR SaRaE st Serifs pebie’ LMD TPeR oo
cel I's gver gdterdr PERICS Bellshh@gtet |éer-8nimdsadiia: tHENn(VAYickNope E)Epe RI\}EE/I Vg

(commercially avail abl e as Pernexci sSTM from Lonza) and CDWMPE
( Hycl one) pol@yirupendizy0 emep htehet ingase efdyps?2 ard 3.JPidigrangesoneredustonpt nedi um

were coun i - ' tndifferent cel
densit i es%ﬁjs_ @%}9%@5&%@@(&%&8%@? RS hRF st ??‘8%1%‘{?@&1%%%% th different
MJO's (0. O0dgedfd. For B6thPER . CElab® Vceeihk oafluchéEof the@chumindiafytiedlag ncubat or on a
shaking platform The platform (1KA KS 260) had a 10 nm orbital dianeter
and was uS¥Eaed tods Y0m-for 125 or 250 m shake flasks filled with 15-20 n
medi u For AE ' . Or q.lljon cells/m

Si ncemAEM did ﬁ%’tﬁm{z@g&%’?ﬁgg{r@tﬁ ts\ﬁ% él}%ﬁl?gﬁ?ﬁ]ag rr?éllutélloglso.f%loﬁomssdnvvay mul tiple
cul t ur es wdircecnp neypatagerstoli RERWES eclsarasexs teast 42,208d as odl Vdaysllaf t er i nfecti on.
Al'l sanples were freeze/thawed twi ce and kept at -20C or less until further

anal ysi s. Fig. 2 depicts the results of titration of these sanples
for day ZEQMPW Eyris RN B8udBYor BolRlis WPPERTWWIIs iRERpERGL! | s grown and
infected in all thi'ee nedia 30 were able to produce hi gﬁ titers of

pol i ovi rus typ#&o invealigatoing pranewge mefdiolinyigesen BoRghells inwespensioner s

conp d to PER and AEM nmedi um Furt her.nore, |.onger .i ncubation did not
Fosu 15§ noRHL AN e EaPeRSMETE Bt Phnef 6 JRETR P o PO ReeHRYERRTRGE,  hees
hi gher ti tr@§@ioa® VN £shdttenélayhadvandrdahaierast BER AocRns wetenltupddfigct of the
variation of the MJs could not be seen in this experinent. Inportantly,

the use ofhrigpiifforen vedis 28 P{IEroLe0BYIYE (sammcigibly aveilableansities at
o0l or o P SeabE el Rl IISS CEAUBALD /e GhR, FACHEPSy BRop 'SP s} o

cul ture process using ef1cial e yield of
i nf ect i ousclpaluitoredrinidne fype af MRdiunexperdonridt ahdecstdded ivtheRame egie fnd

tenperature during infection was 5 conpared for all_ three paliovirus
strai#. Pefidbat difrrenircddengtiGelle, 3 e decprirmilting cellsim) and fnfected with

different MOIs (0.01, 0.05 or 0.1 CCIDs¢/cell) at 37°C in a humidified incubator on a
shaking platform. The platform (IKA KS 260) had a 10 mm orbital diameter and was
used at 100 rpm for 125 or 250 ml shake flasks filled with 15-20 ml medium. For

AEM medium, cells were seeded at 1.5 or 2.5 million cells/ml since AEM did not
25 support higher cell densities. In this way multiple cultures were prepared that were
harvested 2, 3 or 4 days after infection. All samples were freeze/thawed twice and
kept at -20°C or less until further analysis.
Fig. 2 depicts the results of titration of these samples for day 2 and day 4
samples (day 3 data not shown). PER.C6 cells grown and infected in all three media
30  were able to produce high titers of poliovirus type 1, although BMIVg medium gave
somewhat lower titers compared to PERMAb and AEM medium. Furthermore, longer
incubation did not result in higher titers. In contrast, the day 2 harvest gave in most
cases higher titers compared to day 3 and 4 harvests. A consistent effect of the

variation of the MOIs could not be seen in this experiment. Importantly, the use of



medi um at 2.5x106 cells/m in 15 m volunes in shaker flasks and infected
with an MO of 0.1 at 37C and at 35C of each poliovirus strain. Cells and
medi um weweo 2havopesBed 2, 3 and 4 days after infection ardTmEPOTIedSEEs as
descri bed above. Anal ysis of the Vi rug8production under the different

condi ti ons, was dope det t| on of 10 CCI D50 val ues as. descri bed above
and shovehie qeﬂéﬁaﬁe %tﬁn§ i ol e BiERERYRUBM I CAHRES PR AR (1 fr e types
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producy i oBsmpdrtd fof afiXARE p6 BRIl Rirae Neer6QMPBR &% dcfls WA QBd&RInl kM . Her et o,
PER C6 cells in PE medi um were seeded in 15 m volune in shake flasks

at the 20mediventted>dél pelisankintliSasl vdemenihesbeled aplesrangd idested @/idben  of
pol i ovi Uy, a‘@ 11a1.1§q7 &ra'nﬁl tgﬁ%tceoféa‘glrl §6hc?f1‘ru§@@alﬁ8céﬁs an %}éd?urﬁ%rged' um wer e

har vest ed an eared |y €s were awi hg and

centri f ughirvedied®, dasicy did@@ dftarbmﬁ@tlorh ancapi@bésSahai destritedpibevd. @u&lyslst ested
terrperatures 35 and 37C, the experinment was al so carried out at 33C
25Anal ysi 8f B vithepiodpeien wderibe ésféer%ﬁpdlélmlwa&@or@&a{f46?%1&1%% the yield

FoneRi Ly Ot&g@%\l\g%%ggg%:g%l ??érﬂeéﬂogg §fd b2l ARSI lﬁ)glei{p ]3%1‘.6 ng%bl rrespective

conpar ed est titers were obtail ne
of cell den¥i°Cyfooall thacostypts afgpliotumus (e ﬁmrle,addmdn itneiscanfiveed ord t he

efficient pro ation.of poljovjrys on PER C6 c i.t was shown t hat
harvest s EHANGRISD PRROER AHe 1t Fiat %@O%F?F@éthﬁag%ﬁSEﬁlﬁr%%erﬁ FEaBUCB0 hrs or

48 hrs sagplgRaEiEwdt thiencRRanabl e. In a next experinent these
conditions were tested also for the other types of poliovirus. PER C6 cells

were seeded in PERMAb nmedi um at 10x106 cells/m and infected with 2

CCl D5 3 eflasksmtrl icate, with the different stocks
S ot oy ExRbIeE R PR o s e PRt BRRE T b b iy mea o
WO 2011/ ogg,gg}?,PCT/ EP2010/ 059796 19 were processed to cleared |ysates as

descri bed above. Titration by CCl D50 assay showed that the use of high cell
densities al soTe é@hdlytl%ajﬁirfrhelmngwagn ig|cgl demsityileags te ap incgeee ARG tBr(Fig. 5).

This cl eaﬁll&ﬁugttb%\é\@f *?Bx ?Ils‘?'l%[‘%e}eyco 'a%e‘drt 106'35@ Ffegéﬂosptﬁ spensi on

5 provide“an excel ormrtor t pT o |on type poliovirus.
Si nce t hecdBlih PERMAbmedfurﬁherd:ERiéaﬁndélﬂﬂsVoamdeﬁis&ﬁkelﬂhskﬁamh@f the culture
can be i ncreased by usi.ng bi.oreactaor s¥stems wave bags or other types of

up- sc#l abindiciegicsHlergtiescandiinderted witheChH3Hlesli fpobpvisw typw il ius can be
| npr oved ﬁiéﬁhl'ahtfe' Rﬁ@rtiéya 0 5% 15@] dRGLEH WOk r%&é@aﬁ?l%dﬁﬁflﬁé‘téstem with

Vero cell cultures. roduc ioviTus 16 harveste refied

accor di ngwers mepatmtﬂsy Emmm‘thawnng and centrifugation as described above. In addition to
the previously tested temperatures 35 and 37°C, the experiment was also carried out at
33°C.

25 Analysis of the titers by CCIDsg assay (Fig. 4) confirmed that the yield was
improved when cells were infected at density of 10x10° cells/ml compared to 2.5x10°
cells/ml. Best titers were obtained at 35°C irrespective of cell density or harvest day.
Furthermore, and indicative for the efficient propagation of poliovirus on PER.C6
cells, it was shown that harvests can also be taken after 24 hrs since the yield in the 24

30  hrs or 48 hrs samples were quite comparable.

In a next experiment these conditions were tested also for the other types of
poliovirus. PER.C6 cells were seeded in PERMAb medium at 10x10° cells/ml and
infected with 2 CCID50/cell at 35°C in shake flasks in triplicate with the different

stocks of poliovirus. Harvests were done after 24 and 48 hrs and cells and medium



the art and used for poliovirus propagated on Vero-cells, inactivated by
formalin according to known nethods, and subsequently the i nmunogenicity is
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performed every 3 to 4 days until sufficient cell density is reached to inoculate a 21
bioreactor at a cell density of 0.2-0.4x10° cells/mL. Cells are propagated in the 2L
bioreactor at 37°C, DO of 40%, and a pH of 7.3. When a cell density of

25  approximately 2x10° cells/mL is reached (day 4 post inoculation) an ATF system is
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23 Clains 1. A process for the production of poliovirus,

conpri si ryotzha/®ssps of : a) providing a serumfreePSUgPOOI0MTICUl t Ur e
( ~which are PER C6 cells 5 as3deposited under ECACC no. 96022940,
b) infecting said cells with poliovirus, at a cell density of between 2x106
cells/m and 150x106 cells/m, and

of cells,

10

15

20

25

30

Claims

1. A process for the production of poliovirus, comprising the steps of:

a)

providing a serum-free suspension culture of cells, which are PER.C6 cells

as deposited under ECACC no. 96022940,

b)

infecting said cells with poliovirus, at a cell density of between 2x10°

cells/ml and 150x10° cells/ml, and

<)

harvesting poliovirus at a time of between 12 and 48 hours after infection.

2. A process according to claim 1, wherein said infecting and/or virus

propagation is performed at a temperature of between 34°C and 36°C.

3. A process according to any one of the preceding claims, wherein said infecting

is performed at a cell density of between 5x10° cells/ml and 20x10° cells/ml.

4, A process accoding to any one of the preceding claims, wherein said infecting

_ is performed at a cell density of around 10x10° cells/ml.

5. A process according to any one of the preceding claims, wherein said infecting

is performed at a multiplicity of infection (MOI) of between 1 and 3, for example

around 2.

6. A process according to any one of the preceding claims, wherein said

harvesting poliovirus is performed at a time of between 18 and 30 hours after

infection, for example around 24 hours after infection.

7. A process according to any one of the preceding claims, wherein said

poliovirus is poliovirus type 1, poliovirus type 2 or poliovirus type 3.

8.

A process according to claim 7, wherein said poliovirus is poliovirus type 1

strain Mahoney, poliovirus type 2 strain MEF, or poliovirus type 3 strain Saukett.

9.

A process according to claim 7, wherein said poliovirus is an attenuated

poliovirus, such as a Sabin strain.

RECTIFIED SHEET (RULE 91) ISA/EP



c) harvesting poliovirus at a tine of between 12 and 48 hours after
infection. 10 2. A process according to claim1l, wherein said infecting

and/ or viwooproopagati on is perforned at a tenperature eCThrRewem7864C and
36C. 3. A process according to any oned4of the preceding clains, wherein said
infecting is performed at a cell density of between 5x106 cells/m and
20x106 cells/m. 15 4. A process accoding to any one of the preceding
claime, wherei & sglds FHRGhIE d ot ORERnitisfe GHlrbcdethtdnelo around
10x106 cells/m . process accordi ng t § ne o the p ecedlng

clai ns, whereicpfshe Ijrepaﬁl@dzlam@s fothes cqraprﬁsmgrpuhfamgaomdttallpImactltzqtmgf

i nfection exa around 2. 6. A process
accor di ng? %ﬁgﬁﬁyﬁ/ﬂ%ﬁﬁﬁgTﬁﬁéﬂﬁgg% é°8pg? nBO EES- sai d harvestPng

poliowirus is perfornmed at a tinme of between 18 and 30 hours after 25
infection, for exanple around 24 hours after infection. 7. A process
according to any one of the preceding clains, wherein said poliovirus is
poliovirus type 1, poliovirus type 2 or poliovirus type 3. 308. A process
according to claim7, wherein said poliovirus is poliovirus type 1 strain
Mahoney, poliovirus type 2 strain MEF, or poliovirus type 3 strain Saukett.
9. A process according to claim7, wherein said poliovirus is an attenuated
poliovirus, such as a Sabin strain. RECTIFIED SHEET (RULE 91) ISAEP WO
2011/ 006823PCT/ EP2010/ 059796 24 10. A process for producing a polio vaccine,
conprising a process according to any one of the preceding clains, further
conprising purifying, optionally inactivating, and formul ating the
harvested poliovirus to obtain a polio vaccine.



