MDCK CELL LI NES SUPPORTI NG VI RAL GROWMH TO H GH TI TERS AND Bl OREACTOR
PROCESS USI NG THE SAME 1. STATEMENT AS TO RI GHTS TO | NVENTI ONS MADE UNDER
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT [ 0001] One or nore

i nventions described herein were made with Governnent support under
Contract No. HHS0100200600010C awar ded by Health and Human Servi ces.
5Accor di ngIMDCKhE EGIVEINES SUFPLYR TENE mgia'nowmsmnmeﬁfri]‘m@t I ons.

2. FI ELD OF THE | NVENTI ON &8002 The present invention relates to
novel MXCK cells whdl BHAREAGEQR RRO USINGSHESAME i nf| uenza
viruses, particularly col d-adapted, and/or tenperature sensitive, and/or
attenuat ed 1nf| uSTEEEMENYTIS®TO RIGHTR ITD ISMENUIeNS MADE g DiERtIDERRREYVDCK cel |'s
can be adapted to 10 orSPONH D RESPA RQH ANDSBEVYRL.OGPMENT N Serum free culture
medi um The present invention further relates to cell culture conpositions
conpri sing [ﬂE@l]N[Q)F@ @ehdrs imentivhydstiredietdio derd madgwohiCrgeinhenMipkogel | s,

and net for | AV Ils., The present _invention further
rel at es‘ﬂkt%glsgr%l(%)tﬁaocag%f bgé:l%@E@lﬁﬁﬂ“@é‘}@}yﬁ?iéé@diww Yer@GEt ur e usi ng
t he SMDCkcavedihgly Othe @ cinéedNinh P Rave dbrRAY HdidHnduch iR eRiGReNt invention

relates to novel bioreactor processes 15for grow ng adherent cells (e.g.,

7,
4

MDCK cell's) which can be used to grow viruses, (e.g., influenza viruses,
particul arly col d-adapt ed, 2and/ @ELRGRFHEINVENEKNS| t i ve, and/ or attenuat ed

i nfluenza vi rusesr{g, incell culture to hi gh titer. The bioreactor processes
may utilizd98¥urktrmsescatiny entenyeldics ta nove MIPEK enlls which et beufedrto lgerw

rel at es,; VacCei: ] N r i ng,,t he bi ofeactor. processes of
e 1 e B B o SRt R 0 B S S PORaree ¢ e
most i mprontaeit influblzaoimhes] intelfeakuteao high thee TRAMIDOK ¢eBeanCalsRd [Py

anr]gal epi dem ﬁs of fl Bfl uenza. The effective use of vaccines is dependent
on ‘Dei fy eaRiisaomdificd 'y Smp s BI-ficg suliirs madiure sl hsfpresgetinmentivatfartherl
(e.g., r¥lafeds cdir &ﬁ;};&l : i ur.ce.  The rapid

devel ogrrgn_t of vé;{g?gi?enes aﬁgl()? ﬁg?rﬁﬁx%%ﬁgﬁ\?b a%té% %@W“‘*ﬁ? § Hf‘% odp ?‘F‘] cal in
conbat g warile Miteh celtsd arhingtodsl fos edantisyinDelchyells. NTiR pduek fGevagci nes and

shortf i heir quantity can cause probl ens i n addressi ng_out breaks of

di seasﬁlIIt or &%{;?5?%718&‘03%%’53%@988? e&a%&é%ieSf%%eél QUHEFCISIIE addeCkor

concer rellegaheim@ntidie I patichigade biBs iﬁ\%‘?l:tjibﬁ \i;"éjattﬁ/él)tomé)g’gﬁﬁ&eﬁaﬁlcgﬁag%s@sg ai nst
o] . , ) 0S.

pandem c influenza. See, for exanple, Wod, Phi rans. R
Sod? Ldpigrominggidhpreniglls (e.a5¥DGK 3elldodusdtangieysed acgnty wfses, (8g.30t 0

pr oduce, }aGsi - sed, r,owm f viruses for vaccines in cell
Ul tur oA DR A e RS R Bl e rapdbeen
t r adi t iicfhehky vinsses), froselltdnguite tb highi tier. Ofhel Hibleb@BZFoddsbdsSHS, (daRREALM , i
Text bogk of . I nfluenz ed Ni chol son, Wbster and Hay, ch 22, pg 291-313,
Bl ackwelf “&tyrg “(Hi-g%)r)ﬂ?%%%@ﬁ@&f}l@h@né?léteésq SCing lseappsitiogagntratt t he
Ki dney 8o @d QbR € g&c&gﬁ shanigl - The ATCC list the 5 MDCK (CCL 34)
line as h%vi ng beegpglrlgpeg’m te Ef)y %ﬂ\?&di n and N. B. Darby. However, existing
MDCK cell lines suffer fromseveral defects, including possible
tuRBrigenicity, the reqdirenRaCKGROUADIOEIHE BYVENTIONCE! | cul ture, and | ow
yi el ds of influenza viruses suitable for use in vaccines. Accordingly,
t here remailM¥3hn Vianemationge thefrovst M@K tane bliblid heakh npaefre f@lryvenans t unori geni c
MDCK cal L lines . that can grow such,influenzg.strains to high titer, 10
prefer gLSF%/%e clmrllseg %F&Hﬂﬁggﬁﬁ%%ﬁsé#‘ g gﬁ?f %feﬁ@Ye PSR v asraRsdds densndsmbyi ded
by theopbemgnblcitdyeikiyqitodite s Et{EacbW%MérQNSe_ ., virk§ 9] 4 The
present jnvention provides cell's which can supp r‘% {he growt h of
i nf | uefizhleipd gawdo caltiyate sewice- Eeappiddievelnpiment of eagareatand éhesrerbandanve, and/ or
atbenu 151 nf lyenza viruses. to high titer. The cells can grow in
ci thor Toariey B IR bR b i it DRES Horehens ani
pr ot ei madeiree af AR Al imueit @RSy dacaieql6B1aRk Yh SHIRWsinD cSaHIs bEee and/ or
APF nmedj a formul ati ons. Accordingly, in a first aspect, the invention
pr ovi dESCHCNEHiTHABRICbiFceH siudess kpgirsl thevboK)'s ewist forwheresn regardiug thedarlg ur e
CP R0 ekl el DTN e3 10 fhou VB Apaflse PARARET G s RRAUASp R0 ' O
J. M., 2001, Philos. Trans. R. Soc. Lond. B. Biol. Sci., 356:1953. Accordingly, recent efforts

30 to produce vaccines have focused on growth of viruses for vaccines in cell culture.



20and/ or tenperature sensitive, and/or attenuated influenza virus to a base
10 | ogarithm of the nmedian tissue culture infection dose per mlliliter
(logio TCI D50/ nm.) of at |east about 7.0. In some enbodi nents, the MDCK
cells of the invention are adherent. In other enbodi nents, the MDCK cells

adner ont oL} bR R Ao Riaer RO BighSisdestimkontlbined fivent i on

are nofre RRKYARE iIRBAS: vilReSQMRADAITBAY Sooklp e MG, 6€Nichotlon! he
i nventi on have an epit hvell i gl nor phol ogy. | nostoorre enbodi ITEI}I'[ so, OFhe VDCK

cel | s &febstgeandllentohdd, ng 89 bdhdriackventiS dience (H08)i Theet calls wase phol ogy. I n
i ts, .cel | f t i ti d . | ect ed
o or owERY Woresdinap ek eimgren THE EETher S0t P LCCHilincK cel |

of § heMMEENCCYBHN@ead B@\ﬁﬁ%"Fe@'ﬁ&pﬂﬁféﬂtﬂg}'@Maﬂ&rﬂn@-Nﬁ%% 6lHoddwdses that

can be grown in the MDCK cells of the invention include but are not limted

t o neg&tpine MINdndelRNpes suitgs Bem serierrUdifends, brpluding podsible enorigeniafty.ibhza,

RSV, p i V] . . et eumovi r. s wel |
s ot by PnCHIBE Aittel Y35 it poifo Bt dng M BT LN SRERY PbRLs B rua
Vi r usesse inegadinase AdcoatitlRNAere vérhaing sn ualaeiteed o MDEEU RN frefebly

i ncluding, but not |limted to, papovavirus, vesicular stomatitis virus,

vacci nPeR-megigeniedRidk ral g et car gravy sich infipepay ptraias toddgnbier.r us,

poigd o Ll S\ e ' : ' ' ' . [0007]
T BBy o e e R T o R Wi it Sre 0OFRPRR e

usef ul irbtomort he derivati on, propagati on and mai nt enance of MDCK cel |l s that
can support the growth of influenza viruses, e.g., cold-adapted, and/or
tenperature sensitive, and/or attenuated influenza viruses, to high titer.
The MDCK cells of the in entimmeful for the production

of vacci ne rial such.as, .for ex vi ruses. Accordingly, i not her
aspect . nONEE KB B G faueT hroghty Ml els ket shomr iR piveR ag ook
cel I's aiBieRzaGBhisesl OGUIl oM £dapRA MW/ oMBRb&RIrd e sBOL] antir aHEQiafQMPOSi ti on
sugyorts replication of a cold-adapted, and/or tenperature sensitive,

ant or indluggiiaruees, fnkigh éitera T MIgCKocedls caggrowrialeDbey setunp forgpiningast about
7.0. [0008] ..O-her , aspect f the invention |pel ude nethods of
o oduct Ty AU Tl RERS Blyle GRFal O BT APPSR el | of ¢ ne
i nvent pefkrablp geovs t $ealirh draeintiior & PFadednfaria@dtiohbCc a0etrlingRS idefifs hipetg
producti qon of vaccine material and,. isolatina_the materital from one or nore

of t hethednyengpn prayiges@iNadipPaghy Eaning Kidney (MEFDKrpels wherein s fell eBeeli nent s,
‘he i . . _ . . . o Ol
cul  ur s PR ST QEMOERTER: MhobL IAFRARR REERES, | on
wi 2th amd/mftbmperaury sanasive] adithattemgtddieflaalzh vauk tous Base d Oposirittinpf theder

condi tions that rmt_replication of. the i enza virus; and 20i sol atin
o uelEd ey e REn HEFpeemitlis (Coupsalbyan of i tist fopedp i - O
anot hegoRSARBEAmERS, the WEPEKQRIIPHPML I8 5entiBNHROJERIAt. AR'TRRS bibOfihentsOr

exanple, in sone en%OQ|nen;s, the 1 nvention provides inmmunogeni c
conposiheiMREKcenkp of giengventien wecsimathemnetd @) capebld wf gobvdb udésoonbed above

and, opt,ionally, .an, excipient. such as, a eutically.acceptable

exci pi e#ﬁere ¢ xﬁ%u%}s). % %ﬁﬁ’?@g@fﬁﬂtf”égﬁ’ mgg@? %ttcﬁ“émé@été‘?ﬂ HF 59’?'ati on
corpongiorigenic. In &R ShbdiRaEsthe MDURALSL BYthe TRENAEE Rhve BHRBASAS 1N a
subj ect through adm nistration of an effective anount of one or nore above

descr i BegPholatndgspme cabadigwntsi hadIPEKacallglof thetinggnsionlesoadhierent andhseccur r ent
i t] . i1 I 1y, d f i [ ti t t t
of o ViFGHEARhoBIR0RY: LR BL R MK el of BERRREH freon ™"

of a viIr Vit inma
adm ni sdapadd o Relefted Regrot WHlkLn@baurRrae soidiias. IHIbmMeenBbaintarp@si tions in
an amount effective to produce an im*runogeni ¢ response agai nst the viral

i nf ect M rcellapidhe preptios are pehaentaaA MONHWEAHESSHIE. Subj ects for such

trgat ment fidfs! NG tﬁ'ﬁmhé ﬁﬁbpt%ﬁgigghéc‘yﬁéﬁ)ceu%’hﬂQ IRREGS e]?lcﬂlﬂ% Yur are

poul try). ionally, suc n also conprise admnistration of a
conposindtilmmtedfto angatore strandeRWA vsess, indddiag dut not tidtcNDEK fiehias RSV, t he
invention and a .pharmaceutically acceptable excipient that i s adm nistered
to theP¥HH é?ﬁzai"l‘f%é% oA S, 815 lstpan gelgprmavius, & ayal\assther yepsgseut i cal |y

treat fRgaulg BN A RRES rQfbviruses, positive strand RNA viruses, negative strand RNA




[ 0011] These and ot her objects and features of the invention will becone
nore fully apparent when the follow ng detail ed descriptionis read in
conjunction with the 5 acconpanying figures appendi x. 5. BRI EF DESCRI PTI ON
OF THE FI GURES [0012] Figure 1 presents a graphical representation of
reassortant influenza virus strains conprising HA and NA gene segnents from
wild typesphidoudestianded RNA virapessinplupingabret, noplidad Ca lpeploi ays, oesiBildi | i n

yi el ds j -C| o 9, 40, and 55. 10[001 Fi.gure 2 presents
a gr aphglt%% r eﬁlﬁlgg‘;e]‘%?lgh ‘Sﬁisbég%séif 1€ GBS NIse B’c"\% %%Vég'f’- A, 1-B, and
1- C i n pdtidinyeltids vaas,uneaklee @iri® dabies virus, and K9de4lvidnkgure 3 presents a

gr aphi cal rﬁﬁﬁesent ation of yields of reassortant influenza virus strains

conpri si ng And eprgsRbiny ey ipedudhermsenided methgdreandmedie foraulgtionsussfulai ns
: oni: , o oo ; ;
N n# 1203}‘1 %%’4?%3%@% hraﬂé LT ff?'calfsstb st/[% gg%/pgfr'%ﬂ&?rggoggg t ed,
p

AN et na e renmi ni ng gene segnen
t enper atfunBuseasirtiey,e g atdldndaitet] avd/otiRmperaddeSseBitbe| anks alteuatdd B, and 1-C

3 and 4 days post infection (DP|). [0015] Figure 4 presents a table
showi ngmﬂ}‘%ﬁza g’ "B?esrt&i’éébﬁ“teén{‘h‘? th}% Rells fithgaivention; 452 pegayaTls psefuldar and NA
gene sageBRidsci Eds ol O ' [ p - i al 20/ 99,
P L R Sl S N i LA

r emai niaspedgehe invenmerrevideonrel adtuds atapisetdn coeppigingtMDEKS@itis iahd ¥ eell
attignuated virus in subclgnes 1-A, .1-B, 1-C, and 1-D_.3 and 4 days post
B Tt R S S S e TP oA TsB 0D 967 PR GAES

pr esentadion eerhpeddvuehBnditn ef, :MPGKaRubskOnE1utn B ﬁﬁfsq%fié%ﬁﬁ@ﬁbloln%%at

preparation. Panel A presents the selection steps performed Iin serum
cont ai Hﬁﬁgamﬂé’.- 25Panel B presents the steps for adaptation to serumfree

medi a. 17 i resents th ro of._subcl one 1-A in.NediV
105 and M WRRTe G5 BRLGs BBt BRERIG, bifhed el BLo RHEGHS Tesciingiifril ot
subcl ore.glvAubybyMedtiuNnd 05y MIECHESM MediiacnBoh, G 3 Jitfl QstiRirSniREREEH &y @
conpari son. of the cell density of subclone 1-A in ML8M nedia conpri sing

four ditpdiight Pemétipe arqdugiian @oyagsiae BtaHahideésopsise haweitiak ronone or
[ 00201 dRbyQur SRR AmGATARL 2ROl DEULSE) dontd EhbbRbhefiygLone 1A I

8M nedi a conpri sing erent” m crocarriers. 1] Figure
10 out linveesion peovides la noaihddifoe peeiatieg iphpnec esssenhi @il cdtard) eordpiidihged f or

commer ci al .scal r.oducti on. of ccine material . [0022] Figure 11
out i négtaeft\}\%g ?ﬁ‘ﬁ% (ﬁ’ihafft ‘fO(WPOﬁ‘rUSBé’g JIVERNOR Ve dpryaflugnze vias rabadrgiber ci al

scal e pun icﬁitﬁ@%b&?oﬁﬁoﬂ/m B0 dIRSRIthft lpefhi® Rpfiehd oridt thd i BruemdaQ9%3] ol QuUre 12
presents the results of Cellufine Sul fpate (85) chromat ography after or in

corBi natdlgmannflienge nirusradem theatlnewiture Pamebsiin. The OD profile of col um

h t ' | lufine Sulfate is sh in the left. . ,
i oat ot A rdt PRt e RV Gt i B i poS iy o gl
el ect r epvapesinsoficicgivod paad, thesihomtionro e iineQRtiadmactitidsg Present in

the starting material (lane 2) and the flow through (lane 3) 10but is
absent SPRPIRSE i WCriaE Mmafqitabarotpent asiiesaied #boyd aadeonptionallame ekcipientol ecul ar

1o O, B0 gt B e LT L SRS oty 1 o
cuiyes adfnittisteatid@lcoBpBhgmt.ocess for the producti on of B/ Mal aysi a/ 2506/ 04 in
VOO DT Qi oF Rneatod dFBnduckn iimmareoni ressonses nca subyeat thugh

administration of an effective amount of one or more above described immunogenic

compositions to a subject are also within the current invention. Additionally, methods of

prophylactic or therapeutic treatment of a viral infection (e.g., viral influenza) in a subject

30 through administration of one or more above described immunogenic compositions in an
amount effective to produce an immunogenic response against the viral infection are also part
of the current invention. Subjects for such treatment can include mammals (e.g., humans),

avian species (e.g., poultry). Additionally, such methods can also comprise administration of

a composition of one or more viruses produced in the MDCK cells of the invention and a




15during the growt h phase. The netabolite profiles for glucose (mddle
panel, solid line), lactate (m ddle panel, dotted line), glutam ne (bottom
panel, solid Iine) and ammoni umion (bottom panel, dotted line) for this
run were neasured by Bioprofile. [ 0025] Figure 14 presents the results
studi es without mnedia exchange.for the SUB process. A) P|ots of

of pilo C

Che' vi PHTEF R pCaP RS RGP R L REHsiRGE @ teis0b P B, SE%hd 1009%
at 2 aﬂ%r%pﬁ‘ﬁhctfcﬁf(?jﬁp%@ra?@ﬁtidﬂ tERSPEGEHA Rfe¥don, B) Pl ots of the peak viral
titer at 2 and 3 dpi for effective TrypLE concentrations of between 0.04
and 1. C) HM0ddE dheselad viheabbiects end faatuwes ofi theinfventiddy Whl sreina mRBOGIDBA (t 0)
and A/ Vi etnam.1203/.2004. (bptt after infection.with (triangles) or

Wi t hou?PP(aéfaﬁéi%Eg’err@ﬁi)‘é{“‘&ﬁ%ﬁg@?scf‘éﬁ%is rﬁ?cg’l?rcé’nli%mb‘?rbggfltﬂ??e A/ Sol onon

| sl andgécdhdpanying Hutek bfpen@ier tinme (hours post 25infection) for different
MO s used. The viral yields from20 to 96 hours post infection are boxed
and this area of the plot is expanded to the right. The peak viral harvest
of the culture infected at BRIEHDESORHATION OF ¥HE BGURESDETAI LED DESCRI PTI ON
OF THE | NVENTI ON [ 0027] The present invention is based in part on the

di scovery {4042} cFoned! Moswtt e RrapBohl pssendaiionel sepssirhatindhanzasipsor t t he
replicatj: i lruse icul arly cold- adapted,. and/or

t enper gt['d&fr?%cogﬁ rﬁsS p{% %g%igrlﬁldé‘ ggéeaﬁ%ggﬁﬁ%iﬁlggy‘l‘vﬂfl I é:n]}zggu?/r}zrglylsrgss,seﬁ "B hi gh titer.
Thus, AbanpmasaMew Cuedbdnio or®B/dlh ¢edds inMDOK depsdt 5, M)GK 4&lahd b5nes whi ch
have been ted to a variety of cell culture conditions, including

da i
setlim free ‘}%5] al YRS IPIEE T Braphigel repiesapionaf ool geowiBsf MieKon of
| T UCOARIGHEE §5€9-B Ll 1-CORMERE RS Slhup PR AbaibsPeratur e sensitive, and/ or
attenuated I nfluenza viruses, to hightiter and are referred to herein as
Scell's of 1{00d4] nFeptd DpieserftOD 2Bbhikal rapidbdntaion df lyeeldy efSemsoritan arflucor

provides cell culture ositions conprising cells of the jnvention and
bt her _ EEHEBHENESPHRE A 3R NCPUBSSEBHES TPB WeE 708 MHee TR TaHd a
(e. 9., aaneRdiapadhiacbeped /MR eind/s2/18 IB AAIRIPAIH 4, oP Wil REmm/ SRR A

conpounds, additional cell types, viral naterial (e.g., viral genones,
vi Fal mithiacqrre@;ungrmnmqg@mtx%mg cpldetdapied, temperanjro 0aB]tivEhegtepnasémirus

i nventj 0 ovi de th d ia formil ati useful for the
cul ti vgﬂggﬁ%?“k%@&? g'éé?’llg,ﬁ ’ W%?ﬁcﬁaéldg 9%?85?3%8??4 @ﬂ%{?ﬁar acteristics

i ncl udi ng [0eu5NoFightd 4 picb@tls 4 abldXbRehg @it bNRESBABMGN 1 GerGa vir0étrau@y M Ng
nodul es in a nude nouse) and/or bei ng non-oncogenic and/or growth as
adher efRMRETREHAFDAINA geesarmentsfom Rdlddyrminilsenze yimp arans Wg an
epi t hekialy=l;l I4d t i i i ous
o uses 3 O R S 3R sl

r hbdorintans eg garetkebinamo fioihus esldaddptod, ismpaantd sgsitine, aeawdtdd ofusiinf | uenza

Vi ruse i.ncl udi ng .col d-adapt ed, 15and/ oy tenperature sensitive, and/or
att enu}i{%gﬁisl'\l?qq%gzlé‘gv%ﬁug“ ,angé'@l?’@ﬁgt‘ﬁ § post e tipne(ifd) BERIiReShs of the
present,hA\WeAtd MR dlNghside serum contai ning and serumfree nedia

formul ations, as well as aninmal protein-free (APF) fornul ations.
[ 0030] I n HAAPL i biguret hprepenesthn tflowmherttof MDEKsBbplonyildd senvet faeedsetldfank

produci ng vaccine material (e.qg... influenza virus) in MDCK cells, .preparing
Dacc nR R o el B ek theierictiond eBh T FEPHL Ao F M SPBRAES REIRnT | uonsa

I nfect paR] BlirkdeAisAle HaGCoNgddpaiieh iebduRrmdus&iai n MDCK cells. The cells of
the invention are particularly useful for the production of cold

adapt ed/ t el#9&7kt biguresepresants/ &t graveh wasertlqneal-Asn MadiVilA lao@Mi@Mt r ai ns
(e.qg. ,mwﬁse in FluMst(r)) which do not replicate as efficiently in other
manmmal ran cell lines (e.g., Vero, Per(C60, HEK-293, MRC-5 and W-38 cells).

[0018] Figure 7 presents the doubling time of subclone 1-A in MediV 105 and M18M

media.
30 [0019] Figure 8 presents a comparison of the cell density of subclone 1-A in M18M
media comprising four different microcarriers 30 and 60 minutes post-inoculation.
[0020] Figure 9 presents a comparison of the cell yield of subclone 1-A in M18§M

media comprising four different microcarriers.




256. 1Definitions [0031] Tunorigenicity, as used herein, has the ordinary
meaning attributed to this termby one skilled in the art. Tunorigenicity
is, in one enbodi nent, determ ned by the adult nude nouse nodel (e.g.,
Stiles et al., 1976, Cancer Res, 36:1353, and Exanple 5 bel ow).

Tunori geni ci t%l rraly | so be tested by ot her assays, for_ exanple

i nj ection i[AYZ 1 Famire 10 outines goe eobludpra ssplcaRIPTagsSY VWhwhicam be Btlltul@é Yor
chorio hﬁﬂn%r Cancer, 26:1024). [ 0032] The
term™ %Ioc ghgsﬁ%ﬂe%r&g%cgg?ggvﬁgmenél"ﬁ%@rrat erial (e.g., a nucleic acid or
protei n) hd802¥eririgurt il ioailmis wcopurﬁimnhmpro@aéshywhmbmamhé utiladelyfpr al t ered by

human interve% he.al terat.ion can 8 p rred on the materi al
wi t hi n,cCBYRSE @{%PF‘ fRtign of vVagsing mategial, ?%‘r?ﬁérﬂl Y- state. Specifically,
when referrpgmt CFl?hr¥ i15 YSosets 91@reﬁﬂ‘ts'0@fdeHWSMfa"téjgcS)tcﬂﬁ)rﬂdtﬁ%‘ﬁ%ﬂfafter

reconbi nant whén it is produced by the expression a reco nt nucleic
aci d. [008gmIThaimevith Beeasssr tatnent. Raeel X)efterOD prpfilooficalimos, i ndi cat es

that the virus 5includ or pa ptide co ents derlvedfrom
rore ¢ REROBHESRIhOR ConfR Sl Shobin By B agtl” e QR ety §in

I eassornh@ad, washWde slufiod iwedd staRap %@a@@%@ %&r&;ﬁbr@%ﬂﬁg%ﬂﬁ?%@w gy i ved
froma f| rst parental virus, and a Single conplenentary vira enom ¢

segnentthe PNt COW@@!ﬂfﬁngmg@th@tﬂﬁﬁil% mﬂteﬁélﬁlmzﬂlaﬂféﬁ@ flofoy thmwhsiémo Al
par,gnt AN [ i hclude en om c. se ts
Congon ity s i Sl S BEREEE b A et REPRRSh FORTRE Sel®r o

conpl enmkar WaBegIEDfcts theGcherhefROUD UK (DN 2 M cRAUEGMUShG B‘éﬁ‘zonfaé@@hﬁ
dlfferent parental virus. [ 0034] The term "about,"” as used herein,

unl ess ‘Gwap e %"’ém?rﬁdl cated, refers to a value that is no nore than 10%
above or b I ‘gpa?i t T, he term
"about 5 R 9 ﬁﬂ] ﬁgglgﬁFeg%ggeo r Iéllr%%%og%ﬁ 36? S&ﬁ{ g&)gé:@ fO%? %p()d%%\sé anot her
15ex armnlf B/MamlysxuffZS%/ﬂ@m MDei ssbaorcalnge ltmfp ﬁaﬁdm 4 gm)\m}nt(ﬁ&retaf tﬁ@cerﬁsn ut es.

The t " t , . | d d t d tt t ed"”
b Qv RB P W HESGr T e DORE RS rebReie e BhPeIkard 18ene 1 ve'
( ts") thdastt ¢RlRR pahal dbR&l Nid) L’gﬂutﬁﬂﬁﬁe@'ghﬁoﬁ paRQ, Joq’ildqmgf arﬂf £RhERiukEEHCtion in

titer at ahlgher terrperature réel atlveto | ower terrperature
e.g., mﬂzrtcfrmpanehdet,techhae)ﬁfosthnsamnsver@nmasxuhmb)tB@pmfrlcns exhibits a 100 fold

or 20great tion,in titer at.a er ra relative
to a Iower?{’()iég %C HUF é4p§es‘ént5ﬁ1§ ufltBP?Pﬁ? dﬁ# 20 é‘ﬁ ﬁﬁse}(dl%ﬁ‘lg g‘i’(&% t he
t er m csmlwpl@da@t @g Pidts eathk viRdiieal @saih&Bfor hiitdiu ExthafdYalibd SetRedd @her

owh rate ower tenperature, e.g 25C within 100 fold of its growth

t 2Q hlaﬁﬁépo%@ﬁ%@ﬂ‘éﬁ dpe(top gy botw reapsﬁh\@ﬂoamﬁ)é?low pEthe @edl visal tigsiga ed”
("aft" danl BUE A GFreLNA! rkgfﬁ%ﬁa;ggams F BESRch 0 R IPRI AL EYAKS A T er et

but is not detecta I ssues ause 1 nfl'uenza-1i ke
i |l nesgitérm otrd‘reuﬁmfomﬂ/MalaWSWQlS%/bé (tomalet AfviethatnhERD3)Z00N fiestond alter Nt er medi at e
phenot es exhibiting titer reductions |less than 100 fold at

y viru
39C (fé‘?f%ﬁ“g]t‘?’ﬁ]? ﬁ”@‘i‘ﬁfl?é&)”@Pmé’?@aﬁ%meé‘asecxtc%‘}“ﬂ‘EV| ruses), exhibiting growth

at 25C t hat ef hin 200
fold, 500 f[%(?%}m S h@mlé ﬁ&oAqmc’%’B?gSl P, 66)‘% Jbr ot ‘(Bgﬁg’r“és cEed gr owt h
i n26he igeiers) el ctlffemat MOlgnwdt Fhie mmh:ﬁeldprﬁmm B0 %\Mstmss jofst indeatien are(i . e.

s oy ea o A B Bt BBl Pt Fipaneef e [ xexto

viral quaakdty20me FFdhgakedey titer, plaque size or norphol ogy, particle

density or other neasures known to those of skill in the art. 6.2Cell
Characteristics 0036] The cells according to the invention are in one
enbodi nent, vertebrdte cMMIAILERD 0 FNYENTION cel | s of the

invention are mamalian cells, e.g., fromhansters, cattle, -nonkeys or
dogs, in paP27¢ulTae Prasemfapvention & psed il parf amids dsepvonethat cloned MEXEK ctlh stil |

Sangt h?ﬁlefg%?lgt} ! zpﬁed t‘irlgtesugs&Jt the? I']éphCQIPlOIII oy m?l%r%g v?mgesw%cﬁarly colgie g-

lineallyr
adapted, and/or temperature sensitive, and/or attenuated influenza viruses, to high titer. Thus,

the present invention provides, in one aspect, MDCK cell lines which have been adapted to a

variety of cell culture conditions, including serum-free media formulations, that can support



ATCC CCL-34 MDCK) and are specifically referred to herein as "MDCK cells of
the invention" and are enconpassed by the term"cells of the invention". In
a specific enbodinment, the cells of the invention are derived from ATCC
CCL-34 MDCK. Cells of the |nvent|on may be derived from CCL-34 MDCK cells
by net hods we n the art. 10 CCL- 34 cells may
oa 11 SR TSnlBlibn (P Bl e O R R Serab SR Pl rech o
(e.g., aﬁﬂu@&d@ﬂl&nh@dﬂrﬁﬂe@do E@J tRefVRi ddfEMIEND hErehD86 FRIAbS Be YiWRBHSGST UM
(FBS) + 4 lutanine + 4.5 g/ L glucose, or other nedia described herein)

f ol | owed bwﬁgﬁbnimgﬂdeﬂoq,ﬂmmﬁmhmv@Imqnsnr@ﬁdemélrcabu@rqozrmomnnbf the cl ones.
Cl ones o | .prope s_ingcl udi ng, but
ot 11 65l Bl e gL o BBl Bh{ED cal BRARL B

pr ofluctiidtad t@azﬁed@e(e%elmmd d‘is@rosémlﬂar&ﬁﬂeﬁ@ﬁa &ﬂnﬂfneﬁtsm&ﬁfﬁﬁ ch&hlcabank (MCB).
100371 In a first_ aspect, the invention provides a Mdi n-Darby Canine

Ki dney SRPgHRfS, &éﬁltlon%@FléVWSaVlé%mat@mi tug-eViedgsbames gialauiitlesicng a

pl ur al h%tXro‘PJ Ohglg cells supports replication of an influenza virus. In
a speci the MDCK cells support the 20replication of an influenza
virus havi [{g)zaheThe pmgasm iofentitrealbo btoovdes netivals and eneidit fonaulataishsefiapt ed,

attenuated, and te r re sensitive. In cerfain enbocllmentsthe ablllty
of the?%%@ﬁm lgng%hﬁéém 15y iPhpne QIIPGTE APTHHC PRARRATEIIRE MEWiE BreASUr i ng
they yi ghfke@to, wng%oﬂ%ﬁbﬂg&lé (eogﬂ@@fmlg%hg&hl&%'a rﬁlwewug )eBdBr beilg! N9 2

medi an tissué culture inféctious dose assay or uorescent focus
assay (FEFodJogenia agdfiot giowte abadticrmntsls anldé)r mh@&hbs—aaﬁa'emmeﬂs arrdépl i cati on

nt oot PAMGHEE D Pirf e EY R PEp s PPt O SACRUSaORe 7. 0. I

cert ai theRMQOIRBE Bmitbd'R dYSK&BUrSses, Lp@pﬁawxovz;ﬁﬁées%abmlﬂgestaae i nfluenza
virus to a logio TCI D50/ nL of "at | east about 7.2. In certain enbodi nents,
t he MDBRv@eruses andiopovrporiang the grdveh obinflugazd vifusgs mlzcéudmg g@ldtadamedl 0go)

T 0/ u I.n,cerkain errb cells
Subbor PP ERhl e Sons B8 ndlockpd S ERa STRRS. RO Dty BROPIA ST o

| east adlifions o@thelp?emafﬁaaemmnbaddmﬂm coﬁthﬁmi}éxﬂﬂ Séﬁhil«frc&lﬂﬁdﬁt replication
of the influenza vi rus to a logo) TCI D50/ nL of at |east about 7.8. In

certai Fprgw{ﬁ@enﬁ@ﬁw ag gRinphproteiaiiies (AFFp&rmutaggns.cati on of the influenza
virus to a ) nts,
Ve Wpok ob|PEPLI SR, B ftschl ol aRh Aatibyie dmeb B ot AN PR
TCI D50fmateriaf (eat., ihBastza alrositin 34ARCKI celis qirémiring emtxank nmetetis) fromeVDDRKcetie) | s

abeht BGPTSR isk O Reh e iR B R e ERHb POPER PPN of -

the i NEdIde NP 1S BB tHeQnRerkiBA bR p-EQk(Q@nyrﬂ-seﬁlfi f@thd E@a&ctﬁﬁ%ﬁcoﬁi 6. In Certa' n
enbodi ments, the MDCK cells support réplication 5of the influenza VI rus to

a | ogi adapEidsmpertuos sepsitiveagenualed (ra/8/@1) infuanes stadin @ abpseenFayMishe MDCK

east SOBA o FNRRE R Gy I ab ptTRdeY 5o Gronde By B el Rl T 0

quant i HiFed2¢y MRCSY MdWngstchBs)concentration of virus present in a sanple
according to a fluorescent focus assay (described as Exanple 6, and known

i n24 hegart, pefiRitony- . Stokes et al., 1988, J din Mcrobiol. 26:1263-6
10and U. S. Patent PubI i cation 20040265987). The FFA values are often
reported atBdhi Eymprgymeity; p$ uisd dstodmthas W@dlﬂmﬁ)/tfwmf)ga‘fmmddb It'lg$y, in
certai chlls uppert re Ilcatlo of .th

Vi rus 1”I%pgg'base(rag"E {l‘%& %@gral t hm of Cﬁ¥ Psp%:ne%e 0L eéeIB’é‘?edﬁtM %’I g

(I ogi oninfelhotsk neddedie.d. £9its ammuw?‘ﬁ, Cané¥r Rleo, 3%: mQOaIEFEJ(empl@B ba.lowl)east about
7.2, or.to a logio FFU nL of at |east about 7. 4, or to a logm FFU nL of at

| east ABBOHENIGY BRY 2lse Be iesied Sy Bpsays.dor qemipia Sy inipginn iriog chigk t o a | ogm

or Yo P8R R aphichih ehe LibraligHh (Chhigh oPh Forhtitke 05, & Gast
about 866024)r to a Iogo FFU/m_ of at |east about 8.8, or to a | ogm FFU/ nL

of at |eas ou [003 In certain enbodi nents, the cells of the
i nvent i on Lﬁﬂgg i}b eaeqom et Uipdicetss SuhiR craleel i gep Puglgicagider

CONMPOShidkaR) I(a@'b%éh arﬁﬁel 16 dr St EINR nafirfiBh altE 4l YRR TRARIhEGD Of




the invention"). In one enbodinent, a cell culture conposition of the

i nvention conprises as the only host cell type MDCK cells of the invention,
wherein the cell culture conposition supports replication of an influenza
virus having one or nore of the follow ng characteristics: col d-adapted,
attenugted, and tenperature sensitive to a logio TCID50/nL and/or a logio
25 FFU/ hHe dieration caia b perRgied paghe meteriabwithigperuempyed frem, jtepaturahbout 7. 4, at
| east ahoUbnfef or datd : FHJ;' . about | 8. 1 JLeast about
8.2,. at Fe%sf algout '%?Iﬁg?%ﬁéve{%ﬁ%%ou tggé't‘mg?e ¢J é%ns]tn%g%%&t“@?’%e at | east
about 9vifys imtecbmbimbntablomtit B.(Rodumtd be drtcxphmsibn 8f 4 recambirpastucdiondid9. 6, at

| east about 5 ﬁ t;g{?t | east about 10.0, I%'E}ijl_lleast .about 10.2,. at | east about
10. 4, at | d28¥3apldistcertd Tsassgttante e pistAing @ 2vipts: Bdicisa et Hisotus 11. 0.

301 8039 heil es e ROMRAIrpolypep dofRhedib 8o R -2 rowth in
a medi a of c%c%)i %e (e. 5.p,0)§15 l%er umfp(re’eg oreA‘IfDF me ?Igb,r@shugﬁqgg&[t%ﬂ%}sgr escri bed
her ei n)stra@uutsoadaptat ¢xempiay 7obwassopantancliidgs TTaret weneniclsygmedth(or @ene
subsequent t he oni n f indjvidual,cells. In certain enbodi mrents,

col | o oPRoRuS) AT PO Se® Rk bYino R P R CRBRICLSY B, Vedi v
103, MagiMediOds., Magidiglf¥maghhiddin dYRRUrdmiRidaseME8M Odeci P¥EEnRRLHT 28412
derivatives thereof, as described hereinafter. Accordingly, the cells of

t he i nVesmt swindse O geopaigacanents raosreelinmonly tHe § dhtometigdnes iom & Brsgener at e

a | I ition of the invention, In gone .enbodi nent,. a cell

cul Dur S FuE ARREH b A Rlen b seb B b BT Lo N BRTRSTRB LBl 1 ype
MDCK céldrs a@iffdrtve pareventirog), wherein the growh nmedia is a serumfree 5
medi um [004@i4 In _a specific enbodiment of the invention the cells are of
the cell |ilR&¥]; pdederihgbobtt asused hensin valesspthermossandisiten mbvetosewhe
deposi t:gd ;W A t Uk | 801 Lversi

Boul evg’?%}é“%ﬂ‘gﬁi@??\%a%%%@%a ¢ %ﬁ%@%ﬁ@@’?gg 58%% %ﬁ%‘ug‘s’rs?x&‘r?é’ » ATCC
Deposi tthéNesm “RFiio 6 5@k Pilekns b dnge BT Ao6b02 ugAEAe 6503/Rnd Aadiiege subcl ones
1- Asand 1-BIili %%g‘osgéed,,on Oct ober b 2006 and assigned ATCC Deposit Nos.
PTAY 79687 3R PPRIZDRS Fl?@‘b%%fai“%Pg. ORMIJBINYES 43 Pe BUGHES be mai nt ai ned
under the tigg afhetidid,, B@WQ{, Yo 10 e &) htion of
t he Deposi tI .ojme croorSani sns frg}éfﬁt%lbu?&dgﬁigb% %%l?edﬁ?@t%dgg‘gﬁggﬂ In one
enbodi kaAwn in he avDEier cedrhile ghe tdm "tempmaticrseasisveiqéd” tiodigataethat e airae| |
bank us L 1 reparation of vaccine, material 15sui e for approval
byt he St k80 FR aPERGT RakPlhrp A0 A T lensrivu oo ) 0@ b i et
a cel | lewttibmperaRig@si. t3300 f&f infliizh AVAAHLQ InCOAPHE $88s St Y widhgst cel |
ty%\e MDCK cel | s deposited as ATCC Accession _nunber PTA-6500, PTA-6501,

PTAY 65@pcatgsTadustion in ipppatadpgher semprrumg ¢ @., 371C glaipede hilewertbopirment,, a cel |

cul tur it 1N i I Se ORl v host cell type
VDok ogle penecr 1aa sl Apek” KBk EmIEWElarh RalSahile 0t xS T

speci f ithe endsacthivint highee gtowtle wlté wr elodenpagictites, Qf., LIre wRMano) oadeepr i ses
as the onlt){1 hOﬁt cel | t%ipe MDCK, cel | s deposited as ATCC Accession nunber
PTA- 79 PWh at a highentempeiRtW e el et el ifioB Y @TPlEHES [o5me Atteitedr O\witdes MDCK cel |
i nes dggfikM r i |+ -(.‘Q%S ' ction
wWth res pecf\sq%1 I(l)t tgﬁ‘gfﬂ%ﬁeﬁg&raiess}%g% itrc 215c aroz[c%%ré%?%/bsltﬁiq%g&%lﬁc bagliéﬁa%‘gi not

| i APt edistuss, agd dnesmpt asusadhBucent-lise flireseinttheanimal. sie milibe ondastoddithat or

serumfree nedia or animl protein-free i.a, growi png.as non-adherent
ol I's, iBRs e REa oL orimSes E e T e aan 100
pr ot ei HolireeowadaA shayvitdsanoePiot Teirbirdih kBudwoy, eﬂ%f?ag;gé hng2s°C

non-t unori genic (e.(%.r not form ng nodules in a nude nol and/ or bei ng
non- ond&gésnnere thand) flobiﬁb@@)rtﬁ vyt he33°epkigc atithom2 @ foldr500 dsldy 1 (00Sek,

30i ncl ygi imted tq orthomyxoviruses ar X0Vj ruses,
habdov 108 68t 1exaF brdlbEArRluisge ¥ OB g AR sHBRE TR R it he heerpi
ceBls afrwafieof forets (i @ padtidly@RnbHEDnGRR &lucd inA0MH A8k emRQdimat . a cel |
cul ture conposition of the invention conprises as the only host cell type

MDCK ¢ éhimal gre glse ussiyleririserencomprssehby the ivpokone Orewdfindinetes vivaint i on ar e

non-tu ' I C s for det: 1.Nj i f cell re.tunporigenic are well
enonn TR AER it 1990 PlaaS L PliBllony Ty 85y SOBedRtF- 08, 1024
and St khesn &t thate of skBIFG, th€amcer Res, 36:1353), the nethod currently
preferred by the U S. Food and Drug Adm ni stration uses the nude nouse
nodel detailed in Section 8.7 below. In a specific enbodi ment, the MDCK
cells 50of the invention are non-tunorigenic in the adult nude nouse nodel
(ste, Stiles et al., Id and Section 8.7 below). In another specific

enbodi ment, the MDCK cells of the invéntion are non-tunorigenic when
injected into a chick enbryo and/or topically applied to the
chorioallantois (see, Leighton et al., 1d). In still another enbodi nent,



15 at | east 60 passages, or after at |east 70 passages, or after at | east
80 passages, or after at |east 90 passages, or after at |east 100 passages
in a nmedium In yet another specific enbodinment the nediumis a nedia

descri bed herein (e.g., Medi 105). [ 0043] Tunorigenicity may be
quanti%i ed 'Fnl;g}r;erous yays known to one of skill in the art. One nethod
conmonfy ut TALeYIg et er ni ne the "TD50" val ue which is defined as

20t he nunbpn3ef The bdlsragasiingdo te inteitiod atdiine chibo8MenefvetiBBragnicgl s
tested (see, eé_‘% " HI1l R The TD50 assay for tunor cells. In: Rotten C
ceoea

Hendr ylnjanoghgr meat,|the g o the ipyrmdian achgrapialipn tells ags fropehamsygs, p.

223). i t. I f I i e P50 val ue
ot bot SRS A BRDOG R in pEWMPRES K Bech e BYRAK Kiath (XS 1B P20 2

bet sve emnmabawinbbAitndno, tAboslls ck@e inkentnIPeMICK: cetdb@d. marhlly fdeeMaCK cel | s of
t he iné%g:tci én 25have _a TD50 val ue of nore than about 1010, or of nore than

about Lot MEE: e pregiticeig refgredsio heprimas YR Gpees oftle or of nore
t han aRQuk+ik®6ind ke Gf L&el B ARE Qi O AR ta@@- out 104, or of
nore than (1;1 outn 1063, Cc(;IrLﬁBo errgfe et an %G%Igﬁ{ Hlédg nLolrm?ao'fehqm) eml?iﬁan about 101.

[ 0044] ethbodimens tHeadilsehthe iteatiMDEl deelvtdfrofn ATECIGHIeAH INDCE: eCells of the

non- oncogeni c. | Oanqt her I , cell cyltu conposi tion of the
i nvent 'Y NHBIBRY E"eger&’seatffq’é“ gﬁ@?‘ﬂ@cﬁ%ﬁﬁs ?&B’@thﬂ%‘(ﬂeﬁgp?@néﬂ e iF_H(/ent i on,
Whey ei Bxdntite, MRCKCESY lﬁltﬁl‘le ca%%nsegﬁ,@t)&ssaé\éatmgﬁeé AUmGL eI 1 cells

are oncogenic are well known in the art and generally involve the
i nocul sgrworeopfainieg mefindage Pulbrttas MinAfi¢hEegladadomn (PNddil + $p%dietd and

eval uation _@f an oy rymati.on quer. tinme (see, for ex l.e,, . Nowi.nski and
Fenys.  b%e Sor AT A mbOERBARE A ShL, 91 st 7 Stneh Bisg R R DO
4:148- B3loweads cRinideskeindilvidiapedigtah® Bhdr&dtERiatiof B D@l t ¥lonedwithe 40, Vol .
8, Chapter 1, section 798,330, pp. 160-164). For exanple, cell |ysates

and/ or SUDRIROF biglpginal pnskiitysipdogiead propeties vadleding bat eotilypitedtteadaubling Hewbor n

r ogent o RS i r Leal l th 4 | d
wnfon SricFiedici BT hng BHpE on 58 B UBLER e JBERORER hub@V ol
assaysbatkg MOR).i nel y perforned by comrercial testing conpanies (e.g.,

Bi oRel i ance, see_ Protocols #001031 and #001030). In one enbodi nent, cell

| ysat es anHIgY] oo frsbapset thedyentign proyidesre YadigDars Cagipe Aidnegast 107 MDCK
cells gf i | J : : [WeYe TN rin3
ot hstGP Dy el TP G Rl S bH BBy LR LAY B TS cell

i nj ect sgporis wpacHwnbdan inficent vitds. dpecpesfic kspeaty dtehdD GKrbd Bisopmtrt the. 01 ng,

or,0.02 .or 0.0 ,_or 0.04 ng, or 0.0 ;. 0r. 0.06 . .or 0.07 ng, or
0. 3b P gpiog g f1ieGr Brafiane T B OBRATGHTERTNELRILEF M t ne

i nvent a&?tﬁpa&q@%d; AUERPEHARE schOlNBL IrPRralh AnBBINhASs tHRMabilly 3f RNt hs, or
in 4 nonth, or in 5 nonths, or in 6 nonths, or longer, when injected into a
newbor MR G ealis wpeppat viralgepBlatipmisgistermarcddyybroetisweng thetirdd ebVires of t he

i nvent j.qn. W . rent, cells either 15in _serum contai.nin r serumfree
et o S B8PS BRER R siRisde & WRE st St ERUTHEREL B Bsecel o o
the i NERCID;Qs@iy@d fadracdnt astue aeal (ERAY)S I Eerfhin eraBiERkAts 0he IDOKtelnder

non- adherent conditions) either in serum contai ni nfg or serumfree nedia or
ant-hal Sypperapmicpiieohipginflucprn wrysitp adass Helogenhawe e msdiap issusgsuitgreof t he

i nventj d | i al - r . t e rent ,
the N B Bbr ERLMITE AR DS RO REt b 8 g PR ™

Vi r us eteiMBDOEd¢ehly styporieplidation o€ chetinflwanizi oiryxiov Ibp s &1 DpgimdmhHuoieastuses,
rhabdovi ruses and flavoviruses, |t _is contenplated that the cells of
the in?mﬁ{fi§ Mﬂﬁ?%&@%&ﬁg}l@%ﬁ%_ﬁiﬁﬁlﬁ SBRROTGEP Hien ep i ipfleenza virus
char acke fosl ROID, PRI UK thaliool0F 4. xlldrith &iftoodiBbANY, (ROMBERTENGSRGr DI NG
non- oncogeni c, grow ng as adherent cells, grow ng as non-adherent cells,
ha¥i ngrephcaipintafehd iaflutideerims tph BlgagiCIDkwpPoot dt kgst dbeulBHeh tamii on of
various _Vvir.uses, a pparting the.gr.owth of influenza viruses to high
Vit er CrbyditieEs; wf MGG ettt g intiens Bricio Wiatie: - about 7. 2,
at | eastTRRRME of atdeashbd® 8y 18R In énPod@lentSBRIMBORUELe1E sBppf | east about
8.0, at |east about 8.2,. at |east about 8.4, at |east about 8.6, at |east
about BpBcatwn df gsinflagrzatvigs @ a ligid BEaddso/atdoofiat &eagt abetit $.8adt cataout 9. 4, at

| east abput. 9.6, t . about 9. t least about 10.0, .at |east about
102, . CBinded: wBhuioERT ey Shponoplcalin sFBRin 50 vkt PasBbonbout 10.8 or

at |east about 11.0 and/or a logio FFU nL of at |east about 7.0, at |east
about 7.2, at |least about 7.4, at |east about 7.6, at |east about 7.8, at
| east about 8.0, at |east about 8.2,.8at |east about 8.4, at |east about

8.6, at | east about 8.8, at |east about 9.0, at |east about 9.2, at |east
about 9.4, at |east about 9.6, at |east about 9.8, at |east about 10.0, at




not limted to, being non-tunorigenic, being non-oncogenic, grow ng as
adherent cells, 5growi ng as non-adherent cells, having an epithelial-Ilike
nor phol ogy, supporting the replication of various viruses, and supporting
the gromh of influenza viruses to high titer (e.g., logio TCLD50/ nL and/ or
a logio FFU nL of at |east about 7.8). ) [00461 It is contenpl ated that
each anbCHpeml ofd datgieabont 3. Re Ivextieinembedients e MVGKtdeUn supportbe docunent ed
i n suffli.cj i t | et e 1. peage, of .each cell 10line is
ava | an e SERE A RHEL AP 08, TR RS Gl S e Lot e

appr ovaimimdithéres, theSMIRAO deldsaippo it gephidinion Glth@tnfRBnANGrethelogi£oul atory
bodi es nd thfgalt\{\ml fo§ the use of the MDCK cells of the invention for
the pr eﬁéﬁgﬁﬁ/f’ﬁno HeS-feligertain enphodimgnty, shelMBX(Fe pelbsriuppthrespticatione  MDCK
cel Iss ' - f o) ] [ am : Q.. bacterial,
Vira s BIATER Fl TP ph ORIk RS T PN puSadpraddft e of
bact er i MD{@a delfsisnpadrt wphtaivnndtesnAnenzarirs tonolog,; i TCIEHEmAr df safdstraboiid nel y

f ial . t tor . 0., BigReli 0, . Rockville, MD).
Accopt SR rLPGRIER <t BPTRTAY. St ORI BkiHeniiBed b areTabbaithad |n- Sect on
8.7 bel @weenBRB6H bf Cin@RERIED APl o BIMIoPe b Fe FBY &d for

are listed in Table 4. [0048] In yet anot’her enbodi nent, t?@ﬁ@scel | s of
t he i nwéhtipnlestuppdkuown ROrEpice @ i Sokasfet i, r1988:s) Chic Mictiohigl (R4t 1 26846

| i iyt e r{.ho ir. ' i influenza A and/or B strains),
pi’ﬁl gny%ggicq'g'sﬁeastem q{%aa:éﬁéagéiﬁg\bgﬁhﬂﬁp IFEA ‘lfj?ﬁ?éﬁr DI ARUHEAAS Q0 anzzl
par ai nfERIERE A(fThoredcc €k udits/mLabdRMidins e Sn 28ehih LAKOYHHRGR MIEI4O] I n a

speci fic_enbodi nent, the MDCK cells of the invention SliI_ElpOI’t t he
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8.4, ombalt 7l6$aslba£aﬁwt0‘r8 at lehﬁabbut$ @ .at RastaboleRB! ateddt abodk 8 af least 9. 2,
or at | east or at |ea r at least 9.8. In certain enbodi rrents

9.4, st 0
t he MDEROWSHG, at lpst eheut; Sr&/éhkﬁﬁtﬁbgltt&p%rat leggrahaut bp At keatti AU 4.t least
col d-a 1@ r.si on of
coch of BtOft, aPRed Abou SRS R oY, i et POVHI002, 2 IEHBLEE 18R O O
andd or laast arbguol(FfFld,t tﬂastcafooattld &alsat lﬁasOabomr lht) ah@’ash @,@EF@Mnlabf dtdast 6.4, or
at | eas or | east 6, I ast 2, or at
| east 'g%t 7dh ahlﬁa%téa@tta’ﬁ 6t featt aﬁtmt e?S*@ %tr’f Gat fe@%tsaﬁogf bg Bicagt | east
8.2, onpailt 8'09§tsltea§aﬂout%r2 al Iéa@@a"c;ougSQ at%asf"abolu?g%t atSedbt atQ:Iut alg. Eﬁg&tt 9.0 ,
or at least 9.2, or at [édast 9.4, or at | east , or at least 9.8. In
cert ai abartiydd rnleat shoutiVe2, Mft:‘lafst@bblltté) 4fat tehg abowteht,iao keastigbpotr 9.8t dtdeast

replic col d- adapt e or .tenperature nsitiv and/ or
attenugf)(&gq\()@r §t|818 tﬁttouég@ﬁ ‘?thqe‘?sﬁ ‘Wéﬁ%tl gtﬁ?aaﬁ @“B}%I %19%435‘3%&?&5\9?& namto
a logio TCI D50/ nL and/or a logio FFU nL of at least 6.0, or at |east 6.2,
or‘at least 6.4, or at least 6.6, or at least 6.8, or at least 5 7.0, or
at least 7.2, or at least 7.4, or at l%ast 7.6, or at least 7.8, or at

| east 8.0, or at least 8.2, or at least 8.4, or at |least 8.6, or at | east
8.8,Vo.r at Ieast 9.0 , or at Iea_st 92 or at Iea_st 9._{3‘ or.at I(_aas_t 9. 6,



15i nventi on support the replication of a col d-adapted, and/or tenperature
sensitive, and/or attenuated version of each of influenza strains A/ New
Cal edonia, A/H roshina and A/Vietnamto a | ogio TCI D50/ nL and/or a |ogio
FFU/m_ of at Ieast 6.0, or at Ieast 6.2, or at least 6.4, or at |east 6.6,
or at | east or. at | eas , or at least 7.2, or at least 7.4, or at

| east 7%t a]EPru é{l Oy elé‘ﬁﬁ?ln@mt@ﬂnﬁftmﬁvéﬁ]ﬂ cplfge compagitipnakthe g1vention at | east
8.4, or t S ast 9. 2,
or ny 1coRprisEasn oty nBft Bl EAFDCR: Butls e Bl G nefh e RIDGK BENL Vs
t he NMDGK theinventih Itaheamynmliﬁmatmnsﬂmme ot mokespeeifici chatatristids ifcledthgbadapt ed,

ure. sensitive, [or attenuated version of each of

and/ or tgirgﬁrgt[

i nfl uedPh gL %g’eﬂﬁl{]@%t@f”’é%ﬁ? CINGMOBIORGGRIG SN/ RdhsRsIE 8218 | 0g, o

TCl B50/ 0k Qhn-a or at
oo 4w %r sa?n ggcgtgﬁt(é.eﬁ%z Wa%%%ﬁ eggléétlﬁﬁﬁke ﬁlg?phgﬁf%ygstg?kﬁ%ﬁ%,tﬁ% C ot | east
257. 2, r@phcatlom ehwarions giruses, aud suppeting (18, growthadf ihfhasiza ¥ir8ses o high tikeast 8. 0,

or at l.eas 8. r .at ast 8.6, or at least 8.8, or at

| east de tlo%?%g B %O{{\‘i‘;?“ ]'231051104%&%%9“ agt ab0pt 48).| east 9.6, or at |east
9.8. In cerped) aneehtdRiplaied thbeeabPekd 6@ paRlisd d1ehd MR icQMs Stpport the
replication of a col d-adapted, and/or terrperature sensitive, and/or

at t enudtestion ca bhdesumsatied l@ﬁUﬁﬁmenU@qﬁ&ZIhS@rtmtme @rmmttagnsmge ofekilr @dlhi na and

ot "Poaanicy SrRghR2e At hdon TP 1 BBl ey ooy BlulngrgBPly O

I east 7hoU. SQrFoadi althBSlIg Ad@ini@ratigh ah@agibr %gél,atd?j? badies fR8Ad %e@vorﬁffoﬁihe' east
7.8, or at %6111) or at least 8.2, or at least 8.4, or at |least 8.6, or
at | eadtse Qf@e Cgtce ls g thegnygntiop forghe prsparation of vaggingmatesisdt 9. 4. or at
least 9.6, [phqAt 1hE %{QQK t he
i nvention support tﬂ% rep |0gar?frgﬁﬁ%?hgc§(r)q%§ggg§l@§ecim{l oreetog?rrr}‘:}%rrog{au re
sen3| t icoatamanraitsole. gathietertiall edalad fumgal afntarﬁmaiﬁsprbmbﬂyﬁiﬂZ@tlﬁg f@iths A/ New
don| a, AJ otsh lma B/ I\/I?I al}/5| a and A/ Vi Et namt a | ogo TCI D50/ mL and/ or
13gt FEEERINO @F‘C Sl and fynggl goniteypmagts jagcwell newn B]rt afrtpadsutsely or at
Ieast eforndd B cdnBisitiab céhiralh B R el allc®OR aévﬂl@@&]b "aoepfd at | east
7.4, or@ at Iealﬁs%{ 7.6, 1oarcatr eoé@ﬁe% 8, graate I’eglst1 z)r gctepfégast 8.2, or
at | eagpicgbinl S@ﬂllmanﬁmpasma tests ane détaihat infietions. 7é)k:ld“ea%pecﬁic&xam§3t¢s at

| east ast. 9.4 east t |east 9.8. [ 00591 In
yet an(%’tfﬁnel(r;r%{a?tlsafi‘Ii en Wl?'ul(g,h n}?\y/é)ﬁ ?Sgcﬁi tJBF %’i?lhﬁgeg 113”,[0&@;%!0(1 for grow ng
col d- adapt ¢ol)4sandﬁ Qét dnBeLEmballiRchE el MDCK cARY e ialdidrahfshrd Mk uenza

VII‘ ses to a | ogi.o TCl D50/ L and/ or_a |l ogto FFU/ nL of at |east 8.2, or at
| ealt gopficatin ofvinsasinclgdmg byf nettimigesise ogthgmyseviasey dealediog Mifluenza At | east

9.2, or | east 10.0, 10
compr i < e BRE sk pierRkafiuseC ARl ORSY A B bt pBla Bl kel o

gr owt h pepdnfhiered], deamdmaB) vhatidoeireas anpflaasvituged. nf ection with the influenza
Vi ruses, ddi sh medi a or nedia conpgnents (e.g., gl ucose am no
acids, Ii pﬁn@@)?? EIF I¢ $3BqdimpntethieiMRCK ¢ells 6f thedpyensipn fapnesithe ¢ he

i nventi REQYVHALH &4 tdh&q § erature
sensi tlré\}gw énd/ or at tagﬁuat ep r|Q1|rrlllr %eg%lggv@?guﬂggq?%%%%%:}géﬁéﬁ%g / mL and/ or
a Régi SousFfouentmple, atFluist (Belhe dral aﬂ998eafsEn§JMefb338at4aseNmoBet4u or at

Ieast t or. t least 9.2, or at |east
' 599% ﬁg@g%ﬁgﬁ J%CS(S%H etldéazég% §C%Fe é'? llggg)s?n%i% TBaSSW%ﬂrgﬁeﬁg gr owi ng
the celcbSiptising tHeCyauiBone €€ ¢ e reAlain{ el Sk 3 medi um
and adgl ng an%r ot eaase qu , I prlE (gGém%?é : Ooqq?)ég?glr&{eg%gﬂ?él?\%?gor after

i nf ect ithfgpackleonedpy epagrmore fRNAe sremant(s)) swémﬂulenzacwemsaa Ievinrgbordi aremirs pf t he

vi rus oo B PBGeRbh SR L U SRR G, 1o PBreite SohTE Bt 6. 0, or

at 30 easitdi€tian oﬁfheaabﬂitjiaﬁﬁ cl th, sugpordlirdle: Icaﬁoﬁls tRE yRld éf&@ﬁis oBtafhed Fondl
least 7.0, or at least 7.2, or at | east 4, or at least 7.6, or at | east

7.8, ot difeqiedesl! giligre. rahyic|depatbegiermpred bty nuassqusgnethodsrkngivniteant 8. 6, or
at lea at ; ast 9.4, or at

| east Slhg@d %’rthg%nl egét&g@? rglrgltﬁ lg%é b%gﬁ%m%]egbge gﬁ%ﬁu 6di ments, the
fresh mewicatrationMgdiinds pRSeit5s upmhpleant@dingité B needpnatse@sailuge @foctidiy PLE (1: 10
- 1L 108@. IT% Is‘jestai n _enbodi mantg the fresh nedia is M 32 su%;_)l enented with
a prot 888 TCiDg) assgy it pepsprasgnieciousgayions f fueresasms feqw seranéRra) Thee fresh
media is MediV 107 supplenented with a protease, e.g., TrypLE (1:10 -
1:7100). Any protease known by one skilled in the art to be useful in
cleaving influenza proteins can be usled in these methods. In certain

enbodi ments, the fresh nedia is M 8M 30suppl enented with a protease, e.g.,
TrypLE (1:10 - 1:100). In certain enbodinments, the fresh nedia is DVEM F12



5limted to, nedia (e.g., a nedia disclosed herein), nmedia conponents,
buffers, chem cal conpounds, additional cell types, viral material (e.g.,
viral genones, viral particles) and heterol ogous proteins. In one

enbodi ment, a cell culture conposition conprises cells of the invention and

a medi comonent t her in a.cell culture
commos TETRH NET s Tear iy de rdaps. (BT vafEad R Shens 2%6Ra. ant el
pr ot ei fhpbﬁe@aslﬁgmtﬁmﬂqmu@fggc@mbmwﬂy cell conposition conprises a
serumfree nedia, e. Medi V 101, MediV 102, MediV 103, MediV 104, Medi V

105, M 32, [00s8] Vh!LQFF Rbaviamt, be MBFEedAPE theineengpo swrponhe replieddion
d 6
mvent P o TPbRAN e edr A MR R0 YR TCRN PO Bl SRy TR

culsgi vaﬁllem;mﬁ@tt mwcll@scebl &r dt st @&mmt leaEthBO roera{ leeatrinor af lcasif7layenaa viruses
to high titer in serumcontaining ned present invention further

provi d&8stbOrdd 19ast 7. 8418 ahipap B st ]te65t§r?d 0% a%%ﬁénf’r gueast §-&t Q1o Iegst t he
MDCK' cglgl S¢ 4iMe368 HMof Q88D Br a1 BG! 91 D1 JLIRE RLPEELD 4 F ST

I1
formulations. [n cértain aspécts &%thernventron erredaare#orrrulated
such t hlabodlhEnN[b@K\/ImK selrsedf a]na’nnaﬂmomrsuppwrethefreplhc&hcﬁrod)ﬂ 10fliarga viruses

h t Ojimted t b t b
ron. onGhERE STBPBP o BRer Eho! BURFS iy Gl RESTISh SR AHePEHICish] | o,

hayh Nga@ht 6 Enhelreeﬁ{ aihduk 8 67BF RNSsPMbut § lap&oerttréaegabtonm becrrl dt %Tsr MRuff 2 various
viruses when cul tured, and supporting the replication of Infiuenza Virus to

hi gh t Dlt erleaasalms @445 @e&i lgvet @qut 4, or gt lewh o [7, edaftlh%mt aldve 8rdpdr @ lcast

forrrul S h rein nts

cell cfi ?ﬁi hg 2%‘[%58%a§fqbr§i’f8 ﬁ {ﬁ‘ ?‘rg?f?raa?fﬁgtrﬁg’%ﬁ 8=ns are
vel | kBﬂWledsﬂaﬁdﬁ€9Qr br at$@sﬂ£ﬁo@99ﬁ%ﬂtﬁ'@sﬂ%bﬂ9 Bocrrraﬂlreabﬂ Maat 9 pciygg but are
not limted to, Dul becco's Modified Eagl e Medium (DMVMEM + Fetal Bovine

Ser um PEEGT embgimrenti the MDGK sebsef the ﬁl‘@ﬂ@@mdﬁﬁ@mph%@pﬁﬂﬁh@B@nt ina
serum t 1‘V out 209%
f%et &g@%@gﬁ%u%@&) ané%baglagm?fg@; or #ﬁg \%/ge{?nd\g)g rt%g%ﬁ) and %tal o lg'2L‘8)r% I nQ a

30 speet kst 6Sbo4lileasné.3, &Bﬁleasr;mezﬁremteamza,o&eeflaﬁstcmnbaaﬂlem"/rﬁedra at a
concentration of 10% In anoth enhodi g@ﬁtam ne is present in a

ser um (8% a7 Atleast ¢ita onpt Saségﬁc%‘%trlﬁﬁsf %ﬂ foat el Prablast 8,01 AMEasid about
10 ™ o@r o0& @@zaaodwrea% g kG IBlor O 1cRE OISR 2PN M ERLE T I

a specific e o I ment tamne 1s present 1n a sérumcontalning nedia at
a concﬁthEOI@wllefofmenMenrtmnsmvpdrt thn ogpiieaticendfaotiluemas v1rgsleu¢@gecm/s; present in

a rum cont ai ila at .a cqncentration of be /L and
23T T oS e auno B et oGt Bk s tbos e b T g féi
enbodi pEBsst a@dﬂﬂ%@ Br AtScddt BIRANE 8 Br & 1881 B 210t & AOG JRML A28 A lcast
concentration of 4.5 g/L. In yef another embodinent, a serum 5 contai ning

medi a flouinidaet @ieasbrpeutsels or Fﬂsaﬁtabwtﬁoﬁqee At lﬁ@ﬁtt albanit Bk westricasbebaut 1% and

about % glu t onc i on 5 and. about
10 MM ggh%r”q‘ SED0Es 3oty ARDCRL 8 b Rrs OFUEER, 17 %ai‘ e DR T g/ L.
In a Slbeglabb@t genb@dt E&ﬁtaboﬁ sseroum ReAEBHRING) offedieast bBsYlsAt i on conpri ses,
Dul becco' s Modi fi ed Ea?(l e Medium (DVEM + 10% Fetal Bovine Serum (FBS) + 4

miYl ut anmi HOSH 4ltds well kgowie bx e apivemthawild-tyreadiusgs usgdin BISPEafiemed teiner ous
comer gi al, %ﬁar 58S 4ngg+rerqragamfnoar a%?t%}%e?mc %ﬂ%ﬂ%ﬂ?& réc%nen’ggﬁi gﬁung 9-084).

PBS is rea aval romnu commer cl al sources i1nc for
exanpl By thkRHchms amdaﬁele&d(mabglcabProalﬁ’clﬁ)MﬁﬁﬂMCoﬂMrdee - B% GCentdriéprnost

common suppl enent ni cell cult re medi a, ot her serum
sourcegyoé?égsa#?guqtﬂﬂtafl &W%@%@a@ﬁﬁ%ﬂﬁ’ém thyPrepuzasioad 8O} Migent i on,

i ncl udiag: H'Mbcﬁé}h  EVMAfa%8n A AR serum
adapt ed I's ofést hegrr n\%/reln{grégé?s zrarn\[}e glrlcrrgcll\/a in Da"org]I Fggdaym ne

Ki Hheyth@eHDfs o( WB@éﬁtarefermﬂa‘saCnmdolfand ﬁ’rerviaatmn@m@h il Heyq:)etraﬁiusl ey élen

Col l ect i TCC CCL34 culturing themin a chenjcal dla
Supp! oIHEA e PraTEEo o FYssSHart Yataeh ErSms e R eftora hsoRe The N0, 34)
areé  HA genes of the wild-type viruses with the remaining gene segments derived from a donor

virus (often referred to as a master donor virus or MDV) which will have certain desirable

characteristics. For example, an MDYV strain may be cold-adapted, and/or temperature

14




20 expanded in a chemcally defined nedia supplenmented with serumto
generate a serum adapted MDCK cell line as follows: the MDCK (ATCC CCL34)
cells are passaged in Dul becco's Mdified Eagle Medi um (DMEM suppl enent ed
with fetal bovine serum (10%v/v), 4 nMglutam ne and 4.5 g/L glucose to
obtai n suff.ici eg} cells to prepare a frozen pre Master Cell Bank (PreMCB).
| n anot FBF ¥ ERIPT RUCHIBISH: MM havere tgélglf%‘”@rféfecmh?@F@leﬁﬁntﬁghggpﬂ@v net hods

det ai | egh i 3 t ted that

he. NG M TRl rl OBk 2Pt Bhland b o BREEL kR YRR SILEET ore,

from a werabnsoff diff@t0BnBuohzs esdies(d oy wild typeisgeins edcbymiendedby ﬂne/dm/rﬁoradul t

nude m.ce del . and .k on 0 kar. otype assa In certain enbodi nents,
i el fisgin B <ol

the expSh oy A ae pf SIS & ik caerdapisglcedi

subsut ag@@kiahye ddkBivaditdior A '

nunber of 978 vv?th avr ange)ro %a?gggggﬁnga\#un%e?%@ {%ralg%?rglraggt SQB%t 60-
88, or r@ﬁom@nmmed/phmssanemmﬁ&r% viroses dlfat nonlpnseethe Ihh’nara:blﬁmgeﬁB 80, or of
no nore, ou 70- 85 cells are

non- t um)%lplg% %3?313 Ig?fﬁt a%%bea@?&&]é%g g%’re SE@‘P@FS ngI ediblssolhssages,
or aft aﬂ’daﬁtbd|&a&i* tehRp PRAGRAGRS v andbt Stendhted ﬁﬁﬁfenéﬂstﬂ%ﬁ@?sg%feneﬁ ipfter at
| east 60 passages, or after at |east 70 passages, or after at |east 80
passage@re”fb AS aT¢Qid-adaptech seyepentursssBsities attomateitbackhonceash a9 68 qrasplges i n

appr glmt{g% é@d&dap&%‘ié ’T@;gf;. éﬁﬂ%‘ S%P%lgtg‘%g %grrufat?%npwf]ﬁe h—g%esg%“ngelpgml\g}st aftt nal

ext r actwell @ mnammmmwfefﬁamla/aaﬁ hobs/ 169, Aenedheawaedsmblagbaldor K J.
et al., In: Anipmal 5Cell Biotechnalogy, Vol 1, Spier, RE et al., Eds.
AcadeniTEaSEPIEANt Kigys that sommsises He. apslNA gopssepments frany anwldeype indluenrarival
conposi&h@ngfin n f single
manuf acst S r ern %ﬁggdgllﬁ?g&le%g%%?g% és/(ﬁ{i)%éd%g d,r’r\gﬁ%qpelrﬂ}guiénsﬁﬁ aﬁenua ef} al so
be contlaﬂmaa guusmre Ialsachw&mteldtto byl sheagidhtype caig. d,emgyammlpaedeﬂed Ny ﬂws es, and

r| sea, nts can seri qusl derm ne the health of the cultured
DI e Sl IR a7 e ) P LR PsoRrt VTS dhef FoTBTaes ) 01 ¢ 1rodi a
f or mil aA @B segtmehiaqvfom eSS CASRBhH/IRY HRSR: Aniedhs Ebggﬁﬂe%'fs kR éd{@st ances

produced in cultures contam nated with adventitious nts are used in cell
t her apyrdapted.dethpsratrg seneitive agphiatet indneza Airnajrey bt desigiased ‘ve pNesence of

f t
& cut 21 Ao I ARG ISR LRORIARAE Rc e R SR edmftsos st on

f ur t heronpend @gﬁleﬁemtmpmea Afe@h/em@ B/ M A rb &N E 64,54 /8 ARG 11d/48757VDCK cel |
he i nventi on. Serum free media formul ati ons of the

i n\?“ént |Q{He‘i‘lﬂ%‘la@/dé/17ﬁét°raﬁ=/é)uﬁ’6? Rigy$8édd to, Medi vV 101 (Taub' s+Pl ant

dr ol ysat i i.pds+Pl ant
Wdr ol zsat 3905%3{‘ ger%agﬁ &ﬁ%%e@%ﬂhﬁ%@égﬁaﬁﬁg@/&% yeglg e 16’3’85\}??1 factor),
Medi V 108icgSane aa&ld/ladlap%dl@édfexteemeratﬂra@&fsﬂrvrel md/e ateplaaeeryibl (e.derric

amroni um 20ci t.r (?gro ol. ofgé or Ferric a ni um sul f at e/ Tr opol one (see for
exanpl éeasl?ﬁ’rgm)@ StSH I SR FL T A e 2 e 4858 Frstraieg snflucasa Batamedi vV 105
suppl enggdhafentct Bnd/b Rk HENL VidiQh (see
Tabl e 10) and ML8M 1'.;‘}SeagvTab | e 1ﬁ3/’%yOtﬁe?gg?%e%ﬁagﬁgg%yﬁgg%{ng?@ﬂﬁb

Tadb' s IISFdee@l,lthﬁCB’EBulﬁleaW@i(thm hiydifonhe HDBJa,ndeCW mceatd)ngIIBJﬁhlA%) is a

50: 50 p ted r mone 5 gg/ nmL
i nsul i nnéjtg 89 F%MS‘?pﬂ? &faﬁtn% %‘"ﬁ‘g L{f’%&%? lﬁ?% Hr ﬁl 63358 SnfA at Tdast
hydr 0C @8, ioB Bi1€ast 3.0PM 4tNédsOPD hyr B Mdabe7 AN ol Ra8M . W%@Qﬁst 78 %rgf leaglgygose,

2 g/L NaHCO8 and 4 MM L-gl utanine. Taub's SF mediumis also referred to

her ei n A3t Irafh 8125 onideash® dr OrAt dysisy8. 6, b legst 8. Bpe el leist b dirat feastrd, at kons and

0] 00687 F A hiict y SEALENE o DHHE stBu e el Ry Py DEPONEH BT 9Ei s

frdm Olmeveﬁﬁomrﬁprfiﬁes hhheloalyl st odr %ﬁ@MDCIQQEH@(BﬁE@ﬂwem wheein fRlckll potato
and wheat. Plant hydrol ysates nmay be produced by enzymatic hydrolysis and

gener alCP{TE GAMAPTIN FHPROBY re}ﬁéfﬁﬂ%é@ a CP}de@aHde@dém‘ |t@r9p%tnf@lr€g$€@wt1he f act ors.

Pl ant  hygePly rread com*rer sour ces
i ncl udi ng, ftoer%a;etig{g\r;%rsgm (E/gl’ E%%S%hgloggﬁlg%{tgwg% Stra an m eélﬁ?‘n c. It

i s al se\ gom, anphfhatoach Bma’amymsmrﬂmded)hmﬂcatlﬁsmtyd a’ll’ﬁlﬁn‘pay bhd dni a6 Hehlst ead

of , or in comnbination | ant hydrol ysates., Yeast hydrol ysates are

Cend | §TOBEAITLACHIH Bk DERe o, S aBER: te WL SesEMHch s gh andfhe

exanpl e, Sigma-Aldrich, USB Corp, G bco/BRL and others. In certain
enbodinents, synthetic hydrol ysates can be used in addition or in place of
5pl ant or yeast hydrol ysates. 15



[0067] Lipids that may be used to supplenent culture nedia include but are
not limted to chemcally defined ani mal and plant derived lipid

suppl ements as well as synthetically derived lipids. Lipids which nay be
present in a |lipid supplenent includes but is not limted to, cholesterol,

satura nd/or turated fatty {,d . 0. achj doni 10/.i nol ei c,

l'i nol eh’?)g: O 19544 ?@ﬁ?%}rj’éf (a:n‘ﬂﬁraarat?gt"ll%ﬂa{ﬂ% (g%é%aﬁtcﬁa@&raégaaéﬁ?op’é?tlg?s | may be

present 4abr &Q%@G%r&tdt st DeIWRE kal-716) oFaf Rehst I 0P athBashB/abr dtNeAt YADX st ock

of lipid suppl enent . Fatty acids may be present in concenfrations bétween 1

jig/m oaﬁde@t)?i& o atieashe.g, aroojeast B lor ef lepst$i4l os aplorse Henor atilegst 88, endtt abl e

for nme ar i d from nunber of conmmerci al
geagtJ Atgéasf @ﬁ q of1 a?t?j%af)%é 9 tlg

sources 1 ncludin or’ exa BB BRL nd Si gma- 15Al dri ch.
[0068] | n Qs3pninogirmendtherlantibdsmensitie MDGRIRBIELSRRE B eMidisuppdlt et

hydrol ysate and a final concentration of at least 0.5 g/L, or at least 1.0
g/ L, ofephicationsnfia cpldsadgpted, and/af tempaigturo SSWivE, angfor gftenuatask vepsion gfiat, or at

| east t.,20 g/ L.
noa siatfiein el 8 slopo FCipyf 3halofR e SOty ol B LBSw
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herein as M 32 conprising Taub's 15nedia w thout transferrin suppl enented
wi th a wheat hydrolysate at a final concentration of 2.5 g/L and a

hem | fi i pid t t f trat f 100% . of th
manut aoPeiiactbld el idalt ot I Bh ik A oo B % o phgst 0,
concenbf atlean s of 0P kst 4.9, B0 MasaNd oFfapk8stis W Bt e | RRS1Ast B, 3pdy C

(Table 9), and Ferric amoniumcitrate: Tropolone or Ferric ammoni um
sul f at éeaw%ﬁmrdh}@a%tﬁﬁioraﬂﬁ@ﬁt&g between 2 to 1 and 70 20 to 1. In a

specific e a serumfre resent invention conprises
Ferric anmr@%?})‘nni YRR % C{ér}nlf?tﬁetflnmélé P%?ftgﬁlrbvfen %SWSPH Bhd Tr opol one
at 8 firdplcatensRdoldbdphed) bnd?&0eBYLajuré SERitive; Shd/or2BEHiaRY Brstél of dekhi s al so
contenpl ated that one or nore of the nmedia di sclosed herein are

suppl eRrbrflagnzs string ddNew dridedogiaand S Hiroghigrieo erdemd il kdRto/mb asdpumidmee nedi a
of theg t IS for a
i nal - SF GERER sLINE R, BPaieIRb ar SR Bh, i P oy W fafle S it

[ 0074] 7I0popmdeanbadbmme idast MDGK ac Blabts 7 agoit dchsf D8, @ra0Wakt §.00 oMadichst 3P, Medi V
102, MediV 103, MediV 104, MediV 105, M 32, MediV 107 or M 8M serumfree
medi a &F & 1§t Bdetr &t let Mt Bsapts)S.cant lastid Gyt kapt B2, (upiepst O, og at

obf@i n f i

cul ur g e LRI, R HRALH rhoth oiULRSL AN detlc i ol o0 o

| east drecplassogef audd{aﬂepteqhasé/agtamg)dra’mmsemlmesendfmsitteaeatmbdmaloslmfh as,

bbod: Ao ST A b 5 BrURE Rt BeoaiaRr Pl nltion as
fol | owggg, JIEU AVPCHT ¢ AThS. @%%)ea&ed ? %r@f @aﬁ%&ﬁ @gaqeas%%bﬁqs-& 8. s'\@datf i ed

Eagl e I\/bdl um (DVEM) suppl enent ed fetal bovine serum (10% v/ V) nivi
gl ut amlagst 7a®:,d>r4t Ea@ﬂQ gr aiclosse 74t or ¢téaa§t 7cﬁ1©eafaln@5tf7r$enr pdershag@don 3 least

serum Lree hen, pa ed jn rumfree
rre?jlya %2 85% ?%ﬁ urg% eaéaréhﬁ’rqrraggd?’r@d% 8 a5 f)sff? ’Oél ?Eea%}??%r%ﬁ#allﬂ%&g'#r ozen
pre Mast ﬁl’leeﬁepb Sadkeabty 8 MCB) certdin 6@bb@EMn8MAe AMDER! &lls bhheGRdnfioRr €
passaged in a serumcontaining nmedia (e.g., Dul becco's Mdified Eagle

Medi unSEDVENE SRppatione el dsadipter. ansien teppupives scapiting.(apdoy eitsnpated mv

gluta r..pet n,4yand 10

i e, S ARE ety S Ak GRRR ARG RIS BB A e o ol B L2 e

in ser ammn'emgmmwn(f_mfgu Jeabfdd), \br hﬂllzastlﬂmjlok/aﬂleéﬁx 6 Medt Af 18:886.6Madit ¥eai04,

Medi vV 105, M 32 di vV 107 M_ see, e.g.. Sectjon 8. 10). [0075] It is
Spebi 1 PoaprFICSHT BB 1 R o e it Fid hearat atgtbdr L6 5 10

are pa%ﬁ@t@l@z@tEQrO@?%aB@S"fi?&aPﬁﬁﬁ@@%rgf 1R, of LMW & aPfeadtoeMBaNd

tested for tundrigenicity in an vivo adult nide m ce nodel and karyol ogy in

a kar ybryidbd.ag stlgast Ord, oeatlaish 98nbodi nents, the expanded serumfree

medi a- adap cells will not e nodul es when injected

subcut aneoﬁj@%ﬂ ﬁ{ o8 ”é‘Hh‘”r‘?b‘ﬁ{ﬂgﬂﬁﬂ tégkﬁgddngpWﬁke HayRiop ?ﬂ?&iﬁﬁ hr ompsone
number repmczt&m Jimh RMPENSkederhpsli tgﬁﬁémmtr@@en@ma%%r%&émmefdr@@slmdﬂ Acgdapt ed
15 MDCK cells will have a nodal ronosone nunber of 78 with a range of

ch#dnogbirdluprasisirins §¢ Hireshime and Bdakysato sbpgol @Bbumigad/era logiono nore t hen

sbout 950188, B ShuEATRR JRER R0 B &% oy B TR P

non- t umx bganést Akt @rat &lasl 2Ar at?Qaﬁa$ 596e8 jcall 7. Qfdraf 1ea§t . easht B&tpassages,
or after at |east 40 passages, or_ after at |east 50 passages, or after at

| east BOAIJERsS §6e%r at dpastel.- bt aplpast 8 Bas et least Jbaigbleast® 2.4 pbleasiP 4, enat 80
Dy ot 26, Rt fho B ETR A RATRAGED e WPBIS s RS A QuRRRe 00D o'

seBUm flreeeplmdoxaom addfadaptéd]andlfer te\nqieramecsénmera,l and/br #entmed eersidapfed NVDCK
cells is 101. In aothr enb ment , serumfree rredia used for

t he deﬁ?%% cgfa %&Wﬁ#ﬁ? Apnaa f%&@%@&i@so@ REUPRA lpgp. | n
25yet FP@P:HErofEHP&%QPBFat 1&43%%%%5%@64%% ?eag%%i ofraneasfz% sd%Fh @&gton of
serumfree medi a- adapted MDCK cel s I's Medi . I'n st ano

enbodi mdnor; attiérst 2ot faaste/. ﬁﬂdlaaIGaSedé;‘matﬁdast Heraraatehsirg. (hfor selreatamSTQr ee

nedi a- adapt e el | ot her e i nent

serum Pt %ﬁe%& aorﬁi %ﬁ (frﬁ‘gF ?éi%/é’ff Pblﬁa% »&I&Heﬁgz%f el lﬁasééa“p%ﬁf MDCK
cells is MediV 105. In other enbodinents, the serumfree nedia used for the
30° derivation of serumfree nedia- adapted MDCK cells is M32. In other
enbodi ments, the serumfree nedia usdd for the derivation of serumfree
medi a- adapt ed MDCK cells is MediV 107. I n another enbodi nent, the
serumfree nmedia used for the derivation of serumfree nedi a-adapted MDCK




a serumfree nedia, but rather are sinply grown in serumfree nmedi um
W t hout adaptation. Thus, in one enbodinent, the cells are grown in MediV
101. In another enbodinent, the cells are grown in MediV 102. In yet

anot her errbodi msnt the cells are grown in MediV 103. In still another
enbodl t 6; are grown in MediV-104. 1 n another 10 enbodi nent, the
cells 83 gr \‘Rhatl r\)ﬂf@gamﬁmb&ﬁww theMEUiKreelts Oftﬂlfﬂalﬂlf@mo@ SaPIQDI‘gr own in

M 32. |t'he@é1ﬂ’ffc§'€6n SR T8 Bed, Eﬁtﬁopt%kr/%gmﬁfr SQ{SRWQ M@l{cﬁ&é %‘e% CFPé?H gpot her

enbodi ment, the cells are 'grown In t he
cells a¢a@hgf ohenzs siaindBPMubyisia ant Mmmmtmrmg@twnsmm dnlaﬁ)rmﬂﬁg@

d f dt t | t
vl oF e S fLERYE Brorh IGTeh e ok Br s 6 chit IRe<h 0/t B RBE. @it s f er r |
derisvedy byt RaSioM, 3 iaiRhst T bF & l@as’t"% Loy Eﬂe%ft’ A b ONSast § O,\M@e&gh E’he

present i nvention prow des nethods for 'the cultivation o S of the
i nvent i Gritt a8k St 1es at legast $e, o el lkast 813, seatdeast Dt ai At logt Aldosarienst 9.4 6@ aredi a

f or mul rth above. It is specifically contenplated that

addi ti gi%%s'? cu a&?‘%‘s‘c%ﬁdi tions may play 20a role in the maintenance of the
properties [0058]hanNeXiin eaibodinintd, i MDCKDEIRDS thd il dfiol SuhiRirge
non-tunorigeni c, being non-oncogenic, growing as adherent ‘cells, grow ng as
non- ad H@Plé%fw%ef Pgoidwgwﬁ@ aaﬁ/%fﬂmmmrmsewme, ﬁm/pltmteuggtqu Sﬂzl‘plpnmfeal{l; t he

replgi ¢ Qrti ro enza
vi ris e?fingf%&%a &?{1{3&‘&@? gl %gar%%r/ or Oglﬁg‘é e % Iaé"ﬁ% P W@ iﬁhﬁ %F&
at't enuaandd))‘ atl@g;hFEﬂH/rm]L béait lesst §.0, oreat |l @go6. T @ rb Yamds. fﬁfaﬂ/apireaﬁ 6loat & 1eRFFU L

of at qejg glb t7 or at Ieast about 7.6, or at |east about 7.8, or at
| east a Capt onoaf‘t Ipash 42, apaidgash’ @, ormhdesst & piatdeasbndi aried ieestig@l ude,

but ar eyripfeadtisT, bed: kot 846 £NQIEE 6O cel ! i
terrperatruré‘3a co? concentratfongalsrrg6h{))dﬁqlqj‘?j(§trzga cfr\%g f"ia%(r\?ee rsaécl)a\g/lt?c?o ében
cont entleagh®4pet at [@BT7DP, drtat [egstoRe clnf dectainl gmboditheny ltiat B aéllsastehski | 1 ed in
th art, ada t | ture 30 itions in a nunber of ways to optim ze
thgsgr owt ¥18 “1\9&:[5 PHETHOR b CP&Q ‘?aﬁWélni"}dé?? erpRrAtUER B IS @ﬁ@foﬁay al so
resul t mt@n@tecrwma:s@fédahbhﬁlme@ﬁts@xtah@wmfewv(tarl@don'f@%?ﬁirééhl&gaﬂ% virus), as
described, for exanple, in US Patent Application Publication

2005/ 0 ¥Y¥6TREM 19 ¢ B}ganCIIéb/gnL ynéorsidolo&d UimLtotiet lenst Gitpyr atdesst 62her atul t ur e

dit { t f t | t
ol ororhe bl €8 SR Ieaie dEh A0 30, BRESHRE oo e e Fosnose

cuI turd. @@mdiltamaﬁéé bl leede Opbdr Al s, drlamehﬁds 4,0raches: 8 opatritace s, cell
ggl ty, rat ure, CQ2 concentration, method of cultivation, dissolved

en 66‘ et 2 lqasiey H OB Y L5 Ok er diderstiP feer at leased. RDbKcartein s of t he
| nvent i«g4d g{nge g el Mplced ch they
attach. A((j)her élnt surfacecs:é}l(%r?%%qwaﬁlloggu%p% @??erp Mgtfi ac%ICY\Ih(!lapgc own on are
wel | krodr fempetrurasensithchardatatisundftat essionof cubi d@uﬁﬂuah@ avknsl Amicked to,

surfac ifi 0 | asti ¢s, protein coated surfaces (e.g.,
fibr ong:a{”%?? g%g %% ‘é{;‘gﬂﬁ@gé‘?@ﬂ aaﬁ’%ggp}gp@é‘{ﬂi‘ @yd/gia {pgro FEAEmY. Cgfdlﬁ ge
vari et Yesaf 6.0 05 Ikl 2, Yor aVRhdt 3, 8 Qiqeﬁ't %O&az&rléa%{ §8(& 4 gleagl?g@%b ng%

m crocan-ier beads, such as Dor nacel Pferfer & Lahgen Fl ow
LaBér at/eh 0B&: least JdepratdensbMybrer attledst ﬁh& orydt devisn® 0 perad iﬁ,astﬂﬁ; lor aslekdit Bl4ex,

Sol oHi hcare Li fe Science).

M cr ocglf P& lé%? agﬂt 1??%%1&?1" at ie&ﬁty% 1tﬂea§h§2,r%wé££ 46020585t % PBAs i n

di anet érayt 9.paln @@k dﬂb@hmﬁg&h@mm%eﬁg &ané ﬁfveﬁ%}ﬁguﬁgén Ph%'rle 1204 By per
volume of ce]l culture. For exanple a single liter rredl m can | ncl ude

mor e t A&RIAslaRter) andfprisrapaatire seasitive ané/opaitanudicd yersiomarfencht ¢Enfl8009 squar e
centi T, rfage i s determ ned
byt he narsBade Ry ARG KISiFREL by R kR Rl Mienr 1 ne

i ngent iFﬁhl/rah@fa'alreasbé (et erloisned, byatoaet G| drla@tkakts 6 RR ablehst 614, oWht basPe

under st Qod b of skill in the art that duri ng t'he process of

subcul rP%} i?e?ﬁafé%lﬁq &4(qr apleastyy §) orras fesst 'hl arisbleass|®® or etdpah8i2ng t he

20cel | oeul I onfluen Support

surfacg %“%& ghf &}g l&guéﬁa%gﬂer%gggr%cgrg ﬁegs& 9%’ & a?[gafto a"ﬁ%*v&e%su%po {)Et

sur f ac&astl. quambbleas . Srdinivodsin carbobenants, theﬂ‘ﬁ@@l@c@fsfoéﬁte ialEhiod hppdrt ansfer .

For ex rrpl grot{s a i ncl udi 9 tryp5| n, TrypLE and col | agenase, may be

used t BerERiseRoR el f Colfaghaled. 81T kit saps e andprerticanatad warmon hén vashed

and diluted into a larger flask or into a |larger volune of mcrocan-ier

contai ning nedia for expansion. It is 25preferable to use a non-ani nal

derived protease for such application® such as, TrypLE (Invitrogen,

Carl sbad, CA). Alternatively, in mcrocarrier cultures direct bead to bead
transfer nmethods may be utilized, wherein fresh beads and nedia are m xed



culture. In one enbodinent, a portion or all of the growth nediumis
renmoved prior to protease treatnent. In another enbodi nent, a portion or
all of the growh mediumis replaced with a buffer prior to protease
treatment. In still another enbodiment, a chelating agent is added prior to

or durin ease tr.ea nt SO nbodi t.he protease treated
ol £ ur e SR SRRE st DAV el o A BOYR e SREAVIGRPRL 0% af t or
t he adq’éélé ?Oﬂ%hﬁﬂ %%Doﬁi%glﬁ}?@ﬁﬁﬂﬂf%f I&%ﬁ%r 0 @k 2t least 6.2, [)PQtaéslstISQ g

enbodi nent , 'S of the invention are cultivated as hon- adher ent

cells 4@5@6 0, Qrapbbttté &brgtloaat f. Q,md@rieasoma@t‘rmd@ﬁt 7.4 00rdit 1daetnsg, drat least

the or adedtadeisb Rl ftiuhthe PR BRh S rDARR & B SPe Tk ROt T RE per con

ski | edr kieddn9 2851 at 164ED 436 at {Q5t BB ITRL RastSP.Nner 10bottles, roller
bottles, fermenters or bioreactors. For commerci al productlon of viruses,

e.g. for VM8 nén preaoider apect; the |1r§fe@f1@repr0@lé1§$ﬁmﬂt@dtf@r gigming eolghe cells in
a bior r I I s from under
2 D1 O SALOL ol ELIEMNGL sl bt BE B BT curon oo

M nnet qm{mo/ﬁﬂsl)and/Nledglmlﬁa/@tm@fSat(lé‘deu\g B,rat%Wang@.@erameaiuS% obdi 189 3 .8N\J ) ;
| aboratory and commercial_ scale bioreactors from B. Braun Biotech

151 nt ePhatlpeh 10 .EB2t BrEGr- B #itleash?- BT & deigen O, @ett hagphd.8 or at leasf §B82] 1 n one

d dh t
crl ARy DB NP R Phe s phrveRt e AR PR RRGRSTET Tt |
of t he optimeset iderivaive tloarkdf] pradred irfsctadheitietht icfblensa vinusas,fibeh dflirghfrestl t ur e

system wherei n additional nutr ents :53 Bo)n sour ce, r‘? no acjds, etc)
are ad@sdaY MY coppRengals( %Ee& YCPHPPHE aﬂf@tgﬁ’ ST AT RO dnteelian: | i“at e
gr owt hyE o, kP aGRb ttﬁ'q{?%nttlbﬁ‘?rov c[ks%%éthocﬁﬁ?%m@@@lﬁdddﬁﬁea antife MDCK cel |'s

of the |nvent|on are cultiva as adherent "cells in a perfu5|on culture
syst emtemmerattgregpmivfa ead/byattonttedrpifhiesth tihates reopAKTDel/ins. anfl/or Iaéogm

volSol PRt af Reddid, g 8ot BRIOR! &) SRR bbb Aoioond et bl 1| g

I N theoay tor a8 &H 935 or hOlea® WATBF £,1eHLOK! bif 4 Ystbd DB or hil [eAst 30 0OCbmSRiRY filters
and the 25I i ke) for the productl on of vaccine material (e.g., virus).

Addi t i ereyingihedghe & # eamdrasgnedigraarelcaro vacriee| proteis ffa@ﬁ@ﬁ?@m‘ ange| | s may

be fou t g
20051 oAk 8 PR R YRR 6T S R0 PRk 6 il iﬁgﬁ%fﬁ%{ég%%%gm M8 of the
i nvent iigflueazevieusks.i nadeptainanbodiman) ﬁffﬁdﬂﬂd—ﬁﬁiﬂt@l bnd/ar feaipefange sérsﬁwbat ch
culLture system In_still another enbodinent, the MDCK cells of t ﬁa,t

ture

i noBnt EBYORFEeNNREY infRent: Youes HON-9depedC1Pa G apd/ona lng¢ KEY/m- @

syst emleast 6.0 Jr%@%%lt()'i‘ of &f l%és!t%cleﬂpﬂqbﬂ?@rﬁ%r zﬂiéa%?@go& at Yeabeim, RIPlh&! Ng
dlsposab e el enents such as a flexible plastic bag for culturlng cells is
utili z&®, oSetdbast @dcoont lsiysist’iémar arleask AGwr 4t heashi@ 0 aortat wast %I,e)rat/baé,t&bﬁl e

T e e e T L T

Syst eMeasCORBE at%ésgldosm%@tall@erﬁbm@h@ hakesh meliaris Blahelgs n as "single
use bioreactor(s)" or by the abbrevi ation "SUB(s)") may be pre-sterilized

and5 do swrnlemenied wish a psetessn 4.8 pryawed ((SIOP)1:H0)c Ieemtanrnerpb@cb@el(lta thy fresh

cul tur V5 bR SO IRE et BRI AR Ethen e STRPLA M S HED. W aBHRE Cr ' Cont o

by assueibbgin@tsQtHeifadsh Mnddar ibatedv 1107 eiipth&iaéd @fth angotean, e fhuisypllpe oper at ed
at a consi derabl e cost-advant a%g and with mniml or no preparation prior

to use(l:ABdil ti0Bhdtmyprotspsedaosly ans skided indaiartdo bk eaiphig chrvapdnilyanzs ng
they c I f ' C ntities
of vac ?Ipongi‘ﬁs E{h%edds%d ﬁ?&egeyﬁgm&?s Iﬁ%lltéuh %Iq%PB n?‘II'rk Ttﬂeqpﬁsﬁfmeld?z[ 1?2\6 I’éﬂ

enbodi mﬁl&nemediwap@mb@er@ggﬂ"@rpmy(stl@m11 5009. $rt cefﬁaerdemmﬂqméﬁa,ahefresyst em
whi ch allows for_ a hydrodynam c environnment 10for m xing the cell culture

whi ch &Madis DMEWBI SWIW&@&WIM pRérglucase, 4myl phutasyjneagf 2 proteaser 0pog4] 1 n

one errg ?/Q@[fcells of the invention are cultivated at a CO2
concent%‘é’tﬂgﬁﬁo{ ‘at 'eas%’ 1% or of at least 2% or of at |east 3% or of
at | east 499068} &f widltbel ealststdabyame of skatl 1h émstrt 684 thoceibfofahe Ineagton7% or of

at least 8% or. of at, |east 9% or. of at |east % or of a st. 20%
R A P AR e o ey S e S
value) is
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advant ageously regul ated during the cultivation of the MDCK cells of the
invention and is in the range from 5% and 95% (based on the air
saturation), or between 10% and 60% In a specific enbodi nent the dissol ved
oxygen (DO concentration (p02 value) is at least 10% or at |east 20% or
at | east 30%.or at |east 50% or at least 60% 20[0086] In another
enbodi nEHEPOSHIOE GEILVE achurdmg)te JF@GH%&%W%@@@U%EO@ weareples fov aulfiestionf ¢ he
MDCK ce n,.t he
ange. P ony oG HEKEL ATt MEPHRREE S bPe SIchithl R ERSabE ridhid 1€,
speci f i tor gryat |0t€iﬁm>tcell$ hacqmlrﬁmgly’; the peaskatinecoied lpttmuiles cal callnﬁut:oﬁpésm@fs at
about 6 6, or at lla glﬂl t about 7.0, or at about 7.2, or at about
or priinstictls SElHe gpvegtion pafipnd: a@mngpenth whighden nahides Bitsengt 1 n o
fotSf'lerhﬁi’f@(P@ fﬂéﬂf-a Bla(c ?h@ rﬁ@%ﬁabééﬁ ll‘éfelﬁ)hﬁleﬂﬁ‘é%ﬂfgbﬂéht@% FrE! éﬂéhﬁ%lat a
terrperatureo C. I's specifically onter‘rp ated 't t he
cul tur @qnﬁlﬁ@eﬁa@ddléomﬁyellbefp@ar\m@bmdépeh(dlg}g/mhgQﬂmmep,r\omépmldbs) aeld. For
exanple el of th nvent i rown at 37
prol i ferea%rf’% % prf)% Sciﬁl pac %{Hﬁmjd et P8%F‘ﬂ%%@ﬂg SR qEapylses %‘S efths 35 ¢
of for lhhanma@lu atrhéta &f cor@RaEme tHERdoE! Maklia(Whidh may'b'é'jb%QSentl iR a%@mcﬂl%[re?’o
enbodi ment, the cells are cultured at a tenperature of less than 30 C, or
of | essCOTMPAItDN itsludssepimfies snedia persm Cgﬂtaéirmg)fneﬂ@s@ldtdmnalaﬁo@mﬁme of Iess

th 3 o] ne_nat.er anot.her e

el TSty I Qo S0 SRR B IPHE B Bf RRiCr a5 RN 0T "5
or 34 QloMddifé 1p2,0dediVi 1@5 Medmc@an Medmuemm:;z MediV 10f QORBBM pror der to
generate vacci ne mat erti| 8 Vi rus) is specifically contenpl at ed
that t HEOTIASERE &F f grogy Pﬂfémizﬁ éﬁf‘Yaélﬁeaheéleul tured such that the nedi um can
be readily exchanged é‘ﬂg«? a perfusion system). The cells may be cultured
to a vetyd hiYithadsanddedia Formglationanpl e to bet ween 1x106 and 25x106
cells/m T nt-gHt t he pH
and p02 vaﬁge ﬂn thep r%eaﬁhl‘r&n&gﬁ) ﬁmﬁ S)Irél\ggéayrr@&el?dssaa%é%i%ma@%ralmlﬁklg?%a%ﬁ known
t 0 tShe therslomatsiai dﬂMBCiKnceﬂlbehaasmpp@anhdaeaphezanlmqu mﬁa.mnw»lnatseﬂtodugh Agr ﬁul ture
of the MDCK cells of qthe i nvention such tpat the cell density and/or virus

pr oduct TR EaHeIBRe ptdian Tapressab Y st upherganyIdesehedoier grepdrpfaionet hods
for pr qblah@m;sleagm@ah{mbﬁ o the NXB@k ¢4&8h k&upf fréehﬁledﬁﬁ SR80k %%}{%Fh“ on) in
~culture to high cell density by culturing said S|na§ n certain
enbodi rEptes) frmpodia &rmsilagoss.cln Qeaﬁ@cﬁSpwtsaofShlBlrs'ysmmﬁeonadm mlelfoﬂmﬂsuedi y of

t | | t 7.5x | t I1s/m,
2t | eacieBtubisAtbeR s ey B3E br b RtiBe Floniey et figSbe b rg bibs
cel20s/ rimitat to| Basg ndddBigedic, be@shonlOxchQni€ Brbwingiak adl@éreﬂt%@§§ g%i‘ngS

cells/m, or at |east 25x106 cells/nmL. In a specific embodi ment’

cel | s apdopirberuicelln haviggrn spihalighitke mernhelicnnuoneiing sha mh@naegér i bed
infra (8¢ u errente

addi ti onalsu%flg%ggggen%l&ﬁgéda%g &ﬁ%ﬁg@éﬁﬁgﬁg’&%n@ﬁ “ed W Oyﬁ”hq&ﬁr tional
4.5 g/ lasaibsqibad beein( Olt@s ginterhysittad tigh teasalis rantivad disdldscdarrddeont i | i zed.

In yet anot her ﬁ%em fic enmbodinent, MDCK cells are cultured in a SUB as
adher erf™PERFYs HiGreQl. e RicRIpFankn 2 4ol QYHEreHOBEsiHaht . the microcarrier is

used at 20 [90@QNaRALH RbhtRif mast Y@%la@%ﬁé‘&re%éﬂ%n@%ﬁlt%% Lgerh) anot her
enbodi nent, theé mcrocarrier I1s used at a concentration of between about 2
to abouonBigfg media fomndaions mdhuhtlhmiawtesnot haitSUR, iDuilisees e dodifidil Edyge MDCK

cells t e I of about 5 to about  15x104
cell s/ eé)lplﬁlc@l\i%@g ia@i% %ﬁ?ﬁ éaﬁﬁ'“ﬂﬁfr 5% yIn e sEbRABIPAbout 6
to abOlﬂleéél&éntCiﬁ'a'sé{um éontaﬁﬁmg%iéﬂ%ﬁ a@:@ﬁé@ntrﬂn&?b&@@éﬂ abbaX i@%n@%'bl)lﬁ/ m., or

bet ween about 8 to about 12x104 25cel or between about 9 to about
11x104 20&%,108 befween abapit bYo dndl %)ppfa}%tortbghmwe abfutSRs ind about he%ald at hat t he

seedi n I .be_cal.cul ated o r crocani er basi

Ac?gr d%ﬁgﬁﬁg Elitnﬁc’(gglg tg;l:% dnBSEHEhe gerFW§0§@§llﬁ?%m§g]§&E8 CORERTIRD -cell's
to be dn |ahmtheChrﬁiod&n§rﬂegihﬁ@uﬁ%ﬁ@ %l'dsynthl 230 cohtdifin@ARMla 23@ concentration
cells/m gr ocarrjer, or of about to about 25 cells/mcrocarrier,

cel | s/ MfOF3tesP abayt 0. 5onMhandaaheut IOzm% oz hefee @beus | sMrandr idoa, pebe;twocn of
bout t f ut .2 t
about | 30gudomP0 s W3O SEEVESRBIARL:  O0Rle TRty b SaBR Ut e

about 10 to about 30 cel | s/mcrocarrier, or of about 15 to about 30
cells/mcrocarrier, or of about 20 to about 30, cells/mcrocarrier, or of
about 5 to about 30 cells/mcrocarrier, or of about 10 to about 25
cells/mcrocarrier, or of about 15 toZlabout 20 cells/microcarrier. [0090]
In certain enbodi nents, MDCK cells are cultured in a stirred-tank SUB in
one or nore paraneters selected fromthe group consisting of tenperature,



10 the art. In another enbodinent, the pH of the culture is maintained at
bet ween about 6.0 to about 7.5. In a specific enbodi nent the pH of the
starting culture is between about 6.0 to about 7.5 and the pH of the
culture is maintained at about 7.0 to about 7.5 during the culture process.

It will be understood il |nteartt at the initial may be
| over bR RGBS o £8% e Lanten rboditent, BhRhs gy By R bR

i ncr ea_S,&ltﬁhlr%Qﬁécﬁ‘@ﬁ% é&cérh&néﬁ@ﬁgémén hisdteh g((]?aﬂd abohit 4 g @F Betivkeert S

mai nt ai ned. The pH is mai ntai ne nmet ho nown in the art. For

exanpl ebauhé gﬂHa yboie 5 @&ntlnalsp@aﬁ@ymb@éngnhglm iapgsont ibg semdi ng aci d
(e.q. rDRsSe ( eg still..anot her enbodi nent the
ccept SHTEnR R § < Gl PO o 4 in SEES arodgtirto itk SeuE T n s

spegi fb@tﬁﬁb@dﬁéﬂ@mfomm@o@@om rige| HBsIaﬂ@do@tentbeaiomﬁw@mubut%ﬁ/mﬁ& about
50% or_ at about 50% |n anot her speC|f| c 20 enbodi nent, the DO shoul d not

dL op babuh28ke ehutams af 4 cagicentraion oh Gemeen sbous . Somdl @ilfd aflouf 10 mMtand art t hat
o< B TG A0S ARTIE PErPRAT IO B el gt o @

mai nt ak sedmusachidny nmdiarfodnkhawmmnmmiae, [aﬂbcccsisd\hodaﬁed Eagleatatiphe, by
spar gi ng O%Q)bn certain enbodi nents, 2 flowrate is maintained at |ess

then a 197orfictpl Homrt?e?rw ﬁF%%talfﬁMrﬁlgtamerw to'bsluces riAVEM &
?a!@t ai‘éﬁ@fg{]%aﬂa f%sfr(%nt;'ﬁ 2RV olnitrdidl @bﬁ'rce@m@?rdﬁguﬁatr'eggﬁnng{ehO%%?/E?& Materi al

e present I nvention provides a or the
pr oduc((EzUnNof 1 1@65@§éb FBS setidiyuvalatde frommhinodrowdDOKmeetlakscareesused t o

Phe | nostiert issdefalt Hediaee Goried 21 0Sel) o ks iR TS0PRS. pr ocess

conpri s@smbhs dpplit cpyu Qen%n?ﬁﬁamﬁal RfieelthRAn&if Viter SethbioRr & BRI | ON

conprising an he invention with a virus,

i nc ubarqwﬁgelbfhéeft@ld er@gmlp@ﬂsed bp theauesehbimventiber ingbditigticadorn ¢rf howse aind
re% Woly of the virus; and c. isolating viruses fromthe
ce cqulure conposition. [0092] In one enbodi nent the MDCK cells of the

invention g083pr ol érfecdnatioRlimeit] iurh adfaéEPIER calss siheimBhticitdrt derived anot her
enbodi ment, the MDCK cells of the invention are proliferated prior to step

(a) as framrMadindaby Cawipg gldw&ﬂbﬁd%&) eeligfobtapned; frapa Hic AMCEEHH e cul t ur ed
in the [ mted to,
those JenbeREIRbLbTIORC e By SRR h T o ROy ncedd 1| R

i nvent mq:pleammt&mmﬂmse&dnu An hhgemﬁuembod)mehhmmﬁmeﬁsm’l‘ce &&ridmafer ee medi um
su 8r exa b?%fﬁ'&‘l Medi V- 10102, Medi V-103, Medi V-104,

Vel - Sindih Waﬂw@é UPEUPRIFHETE] PORSCTHL OSSR &5SBPRCi f i
enbod| ARMod Mmml&eﬁ 8110% s theMIVe ThiTer @CEB&)‘HeUy 51%$a5§1g§d gerumfree
medi um suppl enented with glucose. Optionally, the MDCK cells of the

i nvent Dotbecenis Modefiddt EagdaiMediunh @ MEM ssepplemiehigd F\ntlﬂc%m bownesw;ﬁhﬁ)%l
+ 10% FB + 4 L
S o1 S B et PY A bugey GoBuin bR Mendts ittheth et o on.

C2 conmeft CatliBank (RBNIS). [1ndenskt $pedifie cHBSeMdAEdhd feldatabliusdilsthg One
skilled in the art can establish a conbination of culture conditi ons f or

t hé&S pr dieirpethedsidsiniled in Heanvpex] eed Eebedaw t Hds snegdiseilp portanplaied thatdfuct i on of
vi rus. MDCK s%%%?%«lap?eﬂie iSRS afél&ag,([:(? for%gloﬁlh%@%a%lf%grgl? gﬁ}ope fr%t'l&é\bi%l 5 |l's

before Tnfection wih Virus in one é ween and 40 C.
I n cer PRIMICBRG tistafbstunioigetiePpar ai mnevd Qult20U6 ;migy abddlenakigblogh it he

cells bﬁggggpgggsgctllon with viruses is less then 39 C or |ess than 38
y. In certain embodiments, the expanded MDCK cells will not produce
tumors when injected subcutaneously into adult nude mice and will have a modal
30  chromosome number of 78 with a range of chromosome numbers of no more then about 60-
88, or of no more then about 65-85, or of no more than about 65-80, or of no more then about
70-85. In one embodiment, the MDCK-S cells are non-tumorigenic after at least 20 passages,

or after at least 30 passages, or after at least 40 passages, or after at least 50 passages, or after
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C, or less than 37 C, or less than 36 C, or less than 35 C, or less than 34
C, or less than 33 C, or less than 32 C, or less than 30 C, or |ess than 28
C, or less than 26 C, or less than 24 C. In a specific enbodi nent, the
tenperature for the proliferation of the cells before infection with

Vi ruses '15 bet ween abouﬁ gto about 39C _Culturi n((I:J for prollferatlon of
the 25081728 UREsHEet &F PRERL SRt ThPasiagee b dBFTRNEasL80 Pasergentamafer 4 lepst
per f usi ghaS¥ste B afertit 1da8t B0SIakdabIinERSBlm retention
systerrngI})noév% to ? ee terason O?IZ a?ednl n t(ﬁ{elma(rgfgn% &%adééﬁh?&ir&%(lgnpl e,
cent rifugatl0oéd] fli wilt hﬂe appmecigpd hy bid ofvkdl] imthe nodlaat theess of asrdmtdreninidte. I n a

speci fi . ment cuIt for proljf ft cells is.carried
out in eé{tr%%gl% S Rty 5 B 1021{]%13 2%19 ek?ﬁ?#ﬁ@‘ %ﬁg gzlr fioly ADf”E')‘f?]
exanpl eCelbRiotdthhdlbsy, 0838, 91!51@} iR Er@ta?%&o‘c&cfadéﬁ& 28s ﬂ@*&(rsﬁorﬁrpﬁ( @]Z 132t0 11
days. Exchan%e of the medium’is carried out in the course of IS

i ncr eadil WéP)F HoRenERe, atbwlmmmitcewomﬂmosthﬁ@rmphememmhammy b@weda}pis
Al t dj t t.h d/
faa ¢ ot Botra R B BIRCLE ol b ARSI St b AR R BRI ) such

t hat rreﬁgoabeamtmangaed \snth@avefrmuuwgimsrhg e®doplagian xbﬁxsw ehd Hiedra). %e!«}bo to
hi gh cell densitjes in this manner, for exa e up to at least 1

x106- 253986 cangrogshundgrmingeibe et drofithe edtuaed ¢aklg vhentthase comaminateder f usi on
sygpem i t 0se,

of Qe am e gRen SR8 Bt @R ER: orfitons MAGEEBETh B o (e
per son tekith tigdwhen fubstancds prdkhnced marmlmms}cpnﬁahmmﬁi Wwith ﬁ@ﬂanbﬁoﬁmigbﬂﬂ’s et in a

bat ch RILOCESS fed bat roc 09 I.n one enbodi ment_ of the

pr ocesSSEEWSE H%ﬂaﬁyoa“tdﬁ’éh‘?r Bl @Phczithé‘ p%m%ﬁ%rdﬁ the prefenecofgrions
concentyat @cﬂls@ﬂﬂ) Iib&h ex%ﬁﬁé[@]%aﬁﬁlés Bf arli R8s GHA br'élﬁz@@d]aﬁg’ﬂ iQekblf ure the
cells are regulate during culturing as described ove using nethods known
t o t he @é}ﬁgbnAStmrﬂllﬂe]d' the présentanventiod G@der providastsaium-&udodiliadotmylationgor t i on

m|s e rior to step 10 (a). In one enbodinment, the
por |oan§j§im%j @Eg‘nacte Q&éﬁ)e]% HiGed i s between about 20%to about 100%
or betwveen [0465)t S3AHHiRe Ak foBAliations JTREMBRBnRRAHE LSO Yut feABPLHIEDH) OF

bet ween about 66% to about 80% |n one enbodiment, the nediumis excﬁange

with aﬁ\“%‘HMalIOl\@P%*PdﬂmtM@mat@nl\@ﬁﬂf he% (@MbcﬁdiLl‘t@iffﬁt)a,Mt’idhé’ HB8di um i s
h f ti th
Cxohahog 11 AN, T S SRS,

differ efmcttm() dvfpdléfi I(]Sqlamd: Bs Bledi\e m)ﬂbdlcﬁpﬂ"tt'ans&n@ﬁ QWE}b’ladS%dmuﬂFﬁsledrrﬁﬁmum

prgbl feratl the MDCK cells is ethanqe for an infection nedium(i.e.,
di SHredEeg HQFFWFé’E’W‘E)‘H“@ﬁBI WerlapPHepSeatPmpmPlo LS disewi i ¢

embodi n%erwatfroh@qd\/@%@ﬁégbsv)am3@r<%efa%rm&ﬁdf Efertdd wilddlcy- 107 or ML

8M and prior to infection a portion of the ne |u I'S exchangeg for an

i nf ect ictemantsdd UBnand\Ct(egeriBabila/2), Medﬂhé()@(swﬂ]abh&é@) anndWSR/DGsa@wMﬂerém dd with

and/ or .conpr, s _addi t,i onal .conmponents,.(e..q. l.ycose, n am no
aci ds, "etFey! #gﬁlﬁhcq %{Ppiﬁ@g%&tgﬁﬁéﬁg dé&ﬁ&?a‘ibe%tq 248’ ?Ih %ﬁ& ﬁgpemfl c
enbodi nepg Sct, BE2:-hod)ech 5@'30@fﬁﬁiu%%ﬂ@lﬁ@hﬁ%ﬁ@%nﬁ@ﬂ?ﬁlp@[éﬂ{e%?eﬂewﬁ@ g.,
trypsin, TrypLE, etc). In other enbodi nents where the nedia is not

exehandeEnotessere/md. et S/ k. tgiﬂSfemlyéé ing/mITpyqstaglandindh 1,i58 ndided shortly
bef t t
aep?f)ie oo, SHRP g ighle A BRM RissChl etk ebip CE R MER R cot ea

with viandig.mM L- giu&@ﬂag] Thit’ s SFencihO i Ay veforrcddne hiRfest 100 sahediiig ogel | s
with virus is carried out at an mo.i. (multiplicity of infection, also

abbr evisEERIY “hEthet n Specifigmedya formulshars @dgnehads of pagrsting tEm e paa¢e 0. 00001
to aboytsl (sl - BbQMLR-OQP01 to about 0.0003, or about 0.00001 to about
300. OOOIfr (gsr a%%ut 010 Ooflwto about 10, or about 0.0005 to about 5, or about
0.0602 to albﬁﬂﬁtﬁ} 0 PHant bydralysatts Dicida bircarabotiimBed@3hydrolysdted fromat ber
enbodi nent %iqnfectlon of the . cells with virus |s carried out at an

I

m o. i . {9uPt EIPRAYIPE For. spleRseeth Penson, rld Pofae awl Whsat oPloblydrelystesor

0.002 tp t e op.of cells

B S e S e M L R S

cul tur@mlmlmmwh\fa@us Peant bpdzadmads a:tereadﬁhynﬁ:[amaddimmatnmaﬁ)emf of about

0.001x103/ n_ . tIO about 10 2x1%)3/m_ bou 01x103{11n§ to a out 2x103/ L,

or aboldt T CIIAGSEES nglug rféﬂﬁlﬁl rcog, e?i%‘BEﬁle‘lt Jowe apd Osgrmgr  ax

103/ nmL After infection, the infected cell culture is cultured further to

replicate the viruses, in particular until a maxi mum cytopathic effect or a

maxi num amount of virus antigen can b® 5detected. In one enbodi nent, after

infection the cells are cultured at a tenperature of between 22C and 40C.
In certain enbodinents, after infection with viruses the cells are cultured




10i nfection with viruses the cells are cultured at a tenperature of 33C. In
anot her enbodi nent, after infection the cells are cultured at a tenperature
of less than 33C. In still another enbodinent, after infection the cells

are cultured at a tenperature of 31C. In certain enbodinents, the culturing

of the l.s is..carried out r.2.10 10 days. Th ul t-uring .ca e carried
out 1 VBRI o F 5l dcBGufhileed feg Sos P § O o dBp BF el e 8Resr SR bac cn
pr oces gombikBGPRth bluns hedioBEAedi YeRt Bydrélysateslrt fea@di obtaied %P hembse
cultured after infection with viruses (step (h)) such that the%EH and p02
val ue Aaf eomRmEIcial Sorgesdaclydingy fop exprapevagmpddineh, Ll oty (ibeoPRE abde cel |l s
prior t . i r I i i . f ¢t he

b ooes ool 3 ckiflip Bpofinotls WA b AhysalRs SRERE Blcith bRFLED:  aclol Mo
med$ unmplaned yeastdgdedidatedt € or wi th defined constituents such as am no
acids, vitamns, lLipid 20fracti ons, phosphates etc, for optim zing the
anti gen vi i‘fn%ﬁsl»aql@btﬂbfo@%y ¢ Bsed-fp SURPAINENE Culturg modiy Inplade PUAATG nefi | ut ed by
furthes; B! : i i T at l,.days or can
b 1 ot e B B e Y B s ot rat o
The pesynibitwally derescddandsi dipikis svhocdiseay e prasemt ea hpd shgiledeitynsledmduof t he

cell count,. t content of glucopse | ut am n | act.ate or |actate

dohydr Sy lisuteisS. etk wlareo i G b S6eRln: Pefiatber son

skih | edinblRict HRolafit, mPyiGRMBeRApAIRROind AR rRAEIYS | OHHISYSHERMIDS Prefert 8d- bat ch
process is further possible. [01001 I n one enbodi nent” of the process,
t he harorosnirgypnaheiwesnOdiiragmdfand RdOpngionh ded 100 sioels of Bpid suprdyments carri ed
out after a.sufficient period to.produce suitable yijelds,of vifds, ,such as
2t o 15 B8 gk B BRYserif (e GuBhgRUERRAY L EAM S O BV e e
of  300f higidpupsiement. ThgidhanieR bR Geaiadoinatdins fe Rhdilhebiphedgeac Vi ruses
(step (c)) is carried out 2 _days, or 3 days, or 4 days, or 5 days, or after
6 daysnugperpfgayanergal Quergy sclising feraramplsrHn@onayabcolBRErandfHigBe on.
[0191] sYiiMses which may be produced in the MDCK cells of the present

i nvention 1 nclude but are not limted to, animal viruses, including

fam | i es of0088] hamyncoamiddiiaent, TRdy' amgatiavs sipgenentadgeith 4 pdaehydrelypesvi ri dae,

Rhabdovi ri dae, Retroviridae, Reoviridae, Flaviviridae, Adenoviridae,
Pi coma iy Pg_a@l, CORFRATAYPR pfdeasht Sredkuiret el Y elooy dgist é-r‘m%r)l_w 3t8tuci ng
i nf | uenzgy/yi §Us &Sst 115 6A1 lor Gkl Qﬁ;f/@r R15e PgN, deYakaARed M JreaERM: Years

(See, e.qg., Furmnger. i'n Textbook of Influenza, ed Ni chol son, 5Wbster and
Hay, pg0 g824mn38speciBk aoibedintenSclaahmsenddifBs)ppiMacted with aavheai hydiolysite.
Strategies. in The.Desj and.Pr.aoduct,i on of ,Vacci he e hen .& Shaf f er man,
op20 143 et i SR AR TS SR e Fin e e MO RBve | e
i nf ect ifiafl @hc&iatiahbe2 BQFL. TRE hisoMt ilVeatiGieh801desla Séruml MecOhedih kéferred¥di | €
elimnating many of the difficulties related to vaccine production in hen's
eggs, h@‘lelf’aﬁSIMBéVh]d)déﬁmf@mgéﬁ 2y’ sgnedinsupptamcatagr vl wethpatdyydrdasatens a

10pr od i S | j shed.tj culture nethods. In addition,
many sﬁﬁ%&ﬁggﬁ?{aﬂbﬁgg??% Lﬁghéaga%%é‘?’@tsl:éis e.g., attenuation, tenperature
sensitivit ey toimhtadapibatingsmt, Bublsatddea fsaupplendited moth ipil mieuatdtenuat ed
vagcines have not,. begn successfullxﬁgromn, especially at commercial scale,
in at F@

¥i sadiwabgmeentetioniohg leat abts shidearbetrady at {930 o Phat [spEd8Kt oF Mvent i on
Pr ov! A& GRS o &1 featt108%, BhAALsD YR, RECRIAAABG of B 1LATDOW! & AuddGer serum
containing or serumfree’ nedias an ich are capabl e of supporting the
repl i caf0%mf dic memuisesrersi modmmaemdpd fimat coxetnttationt dda seecifindrhiwetiaent, when

cultured., .These cells lines are suitapl or, .t he economical  repli.cati on of
vi rused ays ?j}a 18 afR eIF%‘fWHééC @nvgﬁxﬁ?f@eﬁatpﬁwwﬁﬂ%aw SBE‘P'FCI% of the
pr esentmbp¥igithi, ARuBs enddR fisapliahbitedsah Wl chEAlcaliPBe i QAR hRRyuRf at 6 alnd)
adapted, tenperature sensitive (Gaits) strains of influenza (e.g., the

i nB0 uengrrestrataing 109% dfobmuhanufafiuced’ seqmmdridetl finel eootergration yeg | 2 U89Xg ot her
established cell .lines. Further, the |l s.of the present .invention
o s SO SvEfiet Gone Bantbbhit kout BE af el i meid ko s BRafioRRSaon el "oy ow i n
enbr yongh ethe gsers URnASn foovaRs b REHERZAMYih USSR Ieheif a0 MUISY 1gRUSE

di sease i n hunans (e. g: , a "pandem c" strain). L
comprising Taub’s media supplemented with a chemically defined lipid mixture at a finai

24



[0104] Influenza viruses which may be produced by the process of the
invention in 25the MDCK cells of the invention include but are not limted
to, reassortant viruses that incorporate sel ected henagglutinin and/or

neur am ni dase antigens in the context of an attenuated, tenperature
sensitive, cold aggﬁi(;d ca/ts/att) master strain. For exanple, viruses can
conpr i sPEHUTHRR R & of g R RnturkisrecapmRgnded Ginalgoncetratign (s, &gr ai ns t hat
are oneS&rﬁoH@n@)‘of, e.g., tenperature-sensitive (ts), cold-adapted (ca), or
an attenuated (att) (e.g., 30A/ Ann Arbor/6/60, B/ Ann Arbor/1/66, PRS,

B/ Leni ngr adit920]1 7in55]! aBbthar SmtlodiBEMSBRIBO MBS 1 Béippinregteaiddilly pRat

B/ Leni [ 14/ 55, . Bl Engl 12608/ 76 etc.). Methods f th duct i f

reacsor ARG Futdioh COmeEl Mo at Al Ae T £ PREOBLYE i It inbdLar o

K ! . | ! ) : ond
nown it at sl gANdr hinedwds %/L%gra@l%ﬁﬁ'ﬂ)j.@ o/1Kb} thge[s'flg.g)l%}é,%r ag%gxflﬁ)%,e s (2n

Edition), ed. Plotkin and Mrti , VB Saunders Co.
di scl os¥dt i43stPOR/ hepd methta lamd poTtureRs dmal fanskitodioh ofi aNesst 508, 654:062820 and

W AT i R

5, 786, 1164kt 1500, &r, al 6Gs0B/6% R alle®st 200%&ITthARRhIfSRhlcR e B3Rk AREI on Nos.
20060019350, 20050158342, 20050037487, 20050266026, 20050186563,
200502 XPASYIrafoR 0B o emindimena. Jouh’s PetiasoapgtmentadtviR00R164770. O her

i nfyjlgue i ol \ g v t.h roce of the invention in
| LGRS AR TRMCRECPEATREH DY MBI SGEER Dokl PRty on 11,
may expnedsissuhplemenicdgdths: ghewe hpdroluatt at 5 Ggalfaficedxan®l 652.Yg8, afted ent

Publ i cati on Blo . 20q4/. 241139 a 004/ 0253273. 00105] I n one enbodi nent,
the cel9%E™¥A Y%F%ﬁ“fidr G gure § ingecquernigatigp of f B of Hrcaperadactewist h

i uenegfiniRATial for8itAl, AANNERL SyidEiBLALLAN. 48 faA(T 60 Out at

an mo.i. (multiplicity of infection) 0005 to 5,
or of OcBoRdtohgeB asMaehiV00060mptising TOGT s aredaf suPplefefkd twothty WAAt | n ot her

emqdi he infection is carprd oyt at an mao.i. (nultiplicity of
onige: TSl o e Ei i SRt a0d b e Rp R Abbtetinsd ooLm i son 5. or
of abouinalcé2ntiNicaROUDOR. oF thOhamifa AR re@SmBEnded 30 cdiReARRU E’O‘Q%hpr of
about 0, 00001 to about 150.002. Optionally a protease can be added i ch

bri ngs %66eR 848k cl eavage of the precursor protein of hemaggl utinin [HAQ

and thus t S ' Vi r ,on the cells. Th dition of a

pr ot eage cgﬁo‘gi gg?%ﬂl aegth%gteﬁlgg%%{re Hffﬁg&'fg“teﬂbd P ﬁ%ﬁ?ﬁl%ﬁe@‘ﬁ&??:@vﬁ fore,

si mul t doenosd. yGrowvtiohoisiweikt bhichfrhar bd hed imheRbuomreabt ilged &), Epiddhi

! n%hue_ av, Euses I; th@. addition is carried out sinultaneously to the

i nfact iRV Kty (GaEddasulin Gromith Erctpi(I Gy daarpbuming Grapvth & agtee (TeF) andul t ur e

to be iFm8EHat At FRloSE o RIS ARBHAAN Tnd QOB RSL R, the Vi Tus

i nocul ate. The protease is, “in taln aspects ’o he 1 nvention, a serine
pr ot eadwidesmabGroygh Ercter (Fi(iH)eds ene anbadimaspamegs nedipriotepienentdd wiiea

enbodi nent [ inis used. In specifjc enbodiment, TPCK-treated trypsin
i s used gﬁ%%&%@&”@ﬁﬁ%?ﬁﬂ@‘ O?P%R“p?%? E-lftP@ﬁ?‘Stﬁoe(b‘ﬂ&fﬁ*}@é@e@‘fqegeus
descri kBsuti0s 4 BouPNd heatll @beleeenbbb oty SlihouB23'388, oY RBL( s3pcan be

froman ani mal source, or, nore preferably, iIs fro% a recor%l nant “sour ce.
[ 0206] @ AbatdS Emsbal. pebetween yhout K ngénldodbebtt!d nghel. delalspeaifit embodipety a

final i to 500 m r 5 to 100 , or 100 to 500
i i . RO Sty b PR o pofertet Gunnd Py Tingb 6l o e
up to atlfer BmbodiarasTadr s Madiafis uppRrBRdREHT pro@lih Ractd? 2PP fhki9/ M, or 5 to
301.1g/m in the culture nedium During tg/he further 30culturing of the

8

i nf ect AncEaIpROLRIdsHCRELPY Gt Erbet 50.0 sg/miner Ysheemsboalct b taibogt 200t he

i nvent 0/ b dRSLS J53€1 | ' e ' ut fre ddj tion of
trypsi ng}i?lvrll’ fhe case O?Ft'R\e(@%%ot%gﬁggg/ ’@e%fc'%g‘?%ﬁ%%ﬁg%fc%@o %brou? ES @lﬂﬁ} Mla®e of the
peBd us boinwvesy sbam8mg/mbiotabouol2sngiatlinid wihh afplaat hypBkdic 804 Hhdl @Bn@hntrB¥on
interm tt 3nt ﬁgdﬁi/,];i on. 010;&t After infection, the infected cell culture
i s cul LAt Qrigtkyoriah lgagt .9 8y ar ptdgast 1.5 g/L, or at least 2.0 g/L, or at least 2.5 g/L,

or at least 3.0 g/L, or at least 5.0 g/L, or at least 10 g/L, or at least 20 g/L and with a lipid

mixture at a final concentration of at least 50%, or at least 60%, or at least 70%, or at least

80%, or at least 90%, or at least 100%, or at least 125%, or at least 150%, or at least 175%, or

25



viruses, in particular until a maximum cytopathic effect or a maxi num
anmount of virus and/or virus antigen can be detected. In certain

enbodi ments, the culturing of the cells is carried out for 2 to 10 days.
The culturing can in turn be carried out in the perfusion system 5or

optiona isAnd e batch or fed batch process. J.n furt.her enbodi ment, the
ool | o Bkt aPo g e Bl o bSR3 Bl “m Ol s BIRE 500 o
i nf ect iemBotintdnt, Talibyniaa ¥istpii&Bentdd &/ith Wl What Rgirelysdtb et 4 L ehbesnaalids at

tenperatures below 33C, in particular in the tenperature ranges indicated

above, of éad¥L eed ¢ pkerpicaibudalingd lipid mixgwe et ¢ flaplponesniraten of H4 npf thenza
: : oLl cat i
02006 BERSERsGHS ok BUATRAR cBpahirBiiPaddESE fy flnet b g ER] oG] o ot o"

t enper apinile Thb et@entIbkentisn parvidRpl satued fite meihaefrhed tchdroin aofMédiupenat ur e

sensitive, cold adapted (Is/ca) influenza virus. It is contenplated_ that
| s/ ca FPIPEYEE fayp aMmediasappiemeniod valh 3 wheaf hydrplyspfs ehe findd feBeRntaHen of he

cells r5e%;p_ r f?{gg : f s than 31C,
or of [es ;A hgﬁcgg%,%%fd% Ig@?ﬁgﬁgféé?ﬁgir&g?&]%ggq £ ﬁg%@éz?é or the

pr oduc mapnfaofurdrs facambiEndéd fien zansntraiiosand BGE aspBoilfconceanmbioh afatiopt tthe
cells arg}a lcuI tureg at a%g(grrperature of 31C, for the production of influenza
virus B &r(é‘?en%.g'_’ ectio 8] The culturing of the cells after infection

Wi g i nfl uegeR) Vidwisiegsolet @Breclaidd By bie sklichiYh MeGRf thhethiRMtprofeff.friéxanpl e, as
described supra [0109] In one enbodi ment of the process, the harvesting and
i sol at imsdisoormiletidGpnaohacdadirablt ferghg prodireticned virus eped(inithe hamgagarerdfed out

after a sufficient,.periiod to produce suitable vield f wvir .such as 2 to
10 dayJe88tess RO GirRE, 1 Corin P BoiEEed 8¢ BUmPRUSI % ey ecover ed
from t Bempemhdnts of theestinitM frdemdtiid glclbsdaetasl (£l Medhayel, heenvaneyiedity pi cal |y
crude nediumis clarified prior to _concentration of influenza viruses.

Cormmon 1ABtMediy ieMedey 1903, M3Ei Medi (107, A1 §M} eami berreplaersiorpan avmahiiear i um
sukf at el ul] i Lon. p . di um from
ot tot S e Bl bt S RL Ro G AR B bRlen AR G B ¥R REE

1000- 2@fnat sgurésr(e.g., Biotegeuilf Thilwitesst Cdt ON6 .cto¥/s - Cahhy atdlibed Snstead oftifsetinl ar ge
parti CLA| ate 1J}jrﬁtter,_ e.g., between 10 and 30 mnutes. Alternpatively, the
medi umdPEVed PR AR AT SRR LIS ISgrir e nding deenit et a1V £t Bt remove

i nt act sqpkligaand 05 Pek S93ngas; mrﬁcﬁgmfcsﬁmmer WRLG101EEbbYmat Be clari fi ed
medi um Supernatant 1's then centrifuged to pellet 30the 1 nfluenza viruses,
e.g., atiliidl i0gerdofgrantforrimagpives fimwat & anidabsonowgr In ofFothbedimgnt; esuspiersi on of

the.virus.pellet.in appropriate buffer, such as STE (O. M Tris- HC1;

0. 78" P tom oot SRR Bbesh et L aPelPya AP BRESE D 7.4,
the Vi GH®a BB iEaNGaNtERicRthRYnidRNSiitY, BfrRANANsnieARLIThEUBRlh®BF ON sucrose
(60% 129% or potassiumtartrate (50% 10% . Either continuous or step

gr adi etfensferging For pxample.dxwolpnadr e tropplengertvatizesvalhbie BBI6TILM foERceIR Y% St eps,
are sui I The. . lents are gentri ed at. _a spee d far time,
suffi cf%on%} C? 3?CHPTE%&{/?)3E§3 ne %Sgnéﬁlgghﬁtl?%#'gmg%rt%ag @?Iériag? 8?%%’10#3%& Recover y.
Al t er nabéwt Yo 1 a0tbfabsutmossd 1ltakgit F0ad € e 0 vpaRifid @hbapbhicabdramsired/i rus i s
elutriated fromdensity gradients using 5a zonal -centrifuge rotor operating
i n2¢ onfiedifRfShaprgeent MYSPESTLFPANPIESES BFIKiS ABYMATIEN SHEAlE 3 adfifiad eonsgatrgfongdd] | |

t hr oug I frl - Vi r ti . tyte are

pr ovi dad? Mg/ GIrEPRERbE ol o ERE R a5 T Rell A% e 2 SeEuGHAH 25

Ni chol g@nominght, wheedbhg ivecberenettial in,thé mellawels aiiumd t0egilds thenrdpekingor and
Product,i on of Vacci nes pp. .141-151 Cohen. & fferpap (ed), d United

St at es IPAYaHE hecolanay ,@@}?yq]dfataéemeati?ﬁq@ Dorclbrsttvitpis Sz

st or ed 3038 ;N ACabdht BHEMII8RSRAGNSS bPpraleRPhd feaBhs oS B8, for cxample

sucr ose- phosphat e- gl ut amate (SPG . [0110] In certain enbodinents of

t hd0 pr oeseEmg frdmetheiuse sf simpia @aeler irdn Bém rotha sedim suchais Herows sntfates peci fi ¢

d | __.Optionally, the B t r.eat ment ly.in th
har ves T CHRHTJETRIHEHe of PO G T B Hy G CBs e VR
enbodi FRiVides AfsefulR fRE BRERSefchel kOMérBR aawq%%ﬁqpﬁgiﬁ%mg mddpe naterial

is clarified. Methods useful for 15clarification include but are not
| i mi t eavithout gansteetin supplentantadrwith & wheORmyrolywt atiadmal cancensataniod B-rglly be

utilized,for the,harvesting and isol.ation of the duc influenza virus
(st ep( F1s 1 Fhorbiefn B e ARre pF RFPs Pt it R SF o PprHERER s o1
(TFF), affinity chromat ography as well as ion-exchange chromat ography
and/ or hydroxyapatite chromatography. In certain enbodinents, affinity
chromat ography is used in process. 1t26i 11 20 be under st ood by one of skil
inthe art that a variety of affinity chromatography nedia are avail abl e
wWith simlar separation properties, for exanple nunerous affinity



proteins. In a specific enbodi nent, CellufineTM Sul fate (Chisso Corp.)
affinity nedia is utilized for affinity chromatography. In another

enbodi ment, FluSelect (GE Healthcare) is 25utilized for affinity

chromat ography. In one enbodinment, the virus is treated with Benzonase(r)
at the sane tine ?%f?s an affinity chromatography rocess. In certain

enbodi nEHPEMCRASHT R SORMPEHANFGA A 24 s eendontratinn afiabewtsk) ng/m! o

enbodi NEgtic ahRibrdih RAR 855

specific e?rte)lodl ment , cgﬁteT% Bfg)@g%gg%@@g ‘?{’ggglé%ﬁﬁ&?“ﬁ{s%a i m%%fg process.
I n cert bétweemb ] mah’t'()si;o lcaltmacnpeeﬁclambganﬁ:ﬁt eheanmtegimiholitte pesdnor med at

hi gh p eci fic enbodi nent,. ani on exchange chromat ography is used in

the pr o’t%?ﬁmn crq%é)&s?s i A %BH’PWHP‘?“G&H P SHakSeOREHEECR KF dPRbEgramghy i s
per for meg galonb e\ Rith] cOR AR BTS00/ UaRE W o f 9éct1bgso‘rﬂg‘3hange chromat ogr aphy

include, but are not limted to, anion nenbtane a ers (e.g.,
Sar t obi nd( r 0731 5In centsin carhodiagntsn enerentpeene tacsodizelislosed bereinSaé t obi nd(r)

S15 and st ep I|f ed | he Exa S on bel ow.
6. 6VaCC|u%%nrrpggg‘? hl%ancf eﬁ%en%eé Fglgm[ i‘]“sﬁflg ?‘T‘if/%ﬂﬁi’é%g)f urt her
rel at esTta0e ¥lefmste Svhich @ay bé BlduaEdd buMatChkbt dihftealb, atds@ L0 s, Pippess of
the invention, These viruses can be fornul ated by known me7t Hods to 6r6V| de

a vaCC|$%e“f‘~'t§F %ﬁﬁmcﬁ1V§?4MﬁS@0thnﬁﬁ§1@s “AhOralybdib ecidiAmsesiuoasnlibe
r nt hht r e .a a
P o TRy ORASh, B SR L Bl pcn oS BN BRI e Pl s b, 29

f or nal mﬂéﬁzOOﬁtﬁil@t@hmu@) tlef | Geoh, mmbcr;gamgnmzd SChcentPitd Qbd) By be
i solated,fromthe viruses by nethods know to the person skilled in the art,

and use®lytions TGS R A 6‘??‘]3}’ obtaned dTompa ﬂN@ﬂ?Wdtfs:OﬂweT@lhb%OgléWér ation and
for mul ahta8ingf fot @ﬁé}ﬁﬂlt‘! @eﬁ'(ﬁb@t(g&r@:}teﬁg% Wos?)hgig%b%qt?g%n{l F) l\?ggﬂ; & over 40

conposi tions are well known in the ar een‘utifize
years. present {n@f@_rﬂmn thbredémsmhm{fre@ml@Iﬁa iefidreedtto WeveitSasdr 1) @ngSis( Thub’dl | ve

att nuat e i ncl ude. addi.ti onal stesmcludln but not limted
1% bu?f?e?“ q&@?&‘[%“ﬁ’kﬂca{ oHtH #18e hygeg Teaftarﬁﬁlﬁl ‘g’c“ic%iﬁmf“@npﬁwed by

a sterljﬁga_tarfalrh EefitoalBUTiRESIME Mikurd AT ST Borft efi @45 contain 200
nmM sucrose and a phosphate or 1% Stll dlrne abuffer 8 pH '0?‘926%?{% h the

addi t i JReHactHTRBreeammendsd finaksopipitativs asd ERFas a ding| ainnentrakion ofelcait M0

nmbodi t h | | | at
(o, EhpEandehad Lshlh! PR A G PuEOL AR B oM inibmntod: monts, 1 he

f i nal  wiitrat: Tsaploldrie@n SexReeimesiudf sulfhe: Troysphd 4 Iﬁﬁ@ofi’@émééﬁsftd i ¥ APvi ruses
?:D are s able ! I|qU|d formfor_ a period of tinme sufficient to allow
agd® i A0 ¢ pRectficgabodigery, aswmsaqeénﬁhaoﬁmmsemanvmn@nmnm Ferric

f
LZaLLﬁe“E”E*“S‘““’%F;‘ET‘?? e caicenBh i LB T 1 PBelsh MPRRA HRERLOR Ther

hem spléRé) ngthdse, ¢ heSeitious. MBc it 1Slelsﬁocnfﬁemplateﬂﬁl§at®lhe oﬁlﬁﬁ)lrdf ekht eeliR! ai N
their or.to t hei r potenpg t an acceptable rate over the

st or agedasﬁg %Hereﬁnﬁr%g{;{p&é}?ené%% ?I&Htt] a?gﬂ‘@?isesé’ﬂ aps enBedireal, seruarieest abl e
in |iquhelif of te ﬁieséﬂt@zﬁﬂeﬁﬁ@x‘r‘&o@ﬁlsteg aﬁ‘Q@&lﬁo&@l 5e 2, of F&BE% &5 9{ glucose

tenperature. For exanple, nethods and corrp05|t ons or mu
r ePPi gépBtenirakendl ketutnabout 42 td sifoutidhegd.. vacci ne are described in PCT

\I7\¢a)’t (23855}3 gghg@ %E%Tm%v%éggﬁ%ﬁ%%g ]il%a%??{%ggf’fﬁggh 1I:I)‘t Eaﬁg}a@mM%{h\/ provi des

a refrilgeaeon maameaiﬁ@owaqgmemsomli alkay ﬁﬁrﬂ?']\ll%l\ﬂgex%ﬂﬁfr%ﬁ{éﬁ &of the
followng (Wwthin 10% variation of one or nore conponent) 1nt falna

f or mul éllei'%‘ﬁjsfm@ Madin Pgriyy Grsinel Kidpoy @éII%QMHCI@-Cﬂh%@mmbﬁem(tbpt%mmmhm yin a

phosph B % 0sodij u nohydrate); 10-
50 mupe: anar C O o At Bl S A REPRE B BRI AT T one
spéoi f |sup1ﬂﬂbﬂdedmr’th seruhefoy aclehsiené pﬁs@l@e%ﬂ@ﬁbrﬁﬁ@ﬁﬁgirﬁg&ﬁerﬁ”@a@émﬁpﬁ& of the
follow n 10% variation of one or nore conponent):; 1-2% arginine;

2% gel geq%ﬁ-tsu? FHISTEFBEe theosturentize medias dgsosthed phte baspesiic and 100 mM

hi sti di t ILne
Compr | <o e P o b Rl B Fd el TR Tie or
nmor e cHMMPOReMTICC CCL29) aclii ave pﬁsag&blgéhﬁ]tdcm s MistifledlBAg]S WMesdase (DREM)

phosphat e buffe({ {lg éﬁ; In cert g}per enbodi nents, the invention
provi dSEPRICTPGHS \j’g Gy roosgSPRmy &) Pl et Be epidrd gligdusssrator mor e

of the followng in the final forrrul ations: sucrose: 6-8% weight/vol unme
(wiv); arginine nonohydrochloride 1-2% w v; glutam c acid,
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10 nonosodi um nonohydrate 0.05-0.1% w v; gelatin hydrol ysate, porcine Type
A (or other sources such as piscine or avian) 0.5-2% w v; potassium
phosphat e di basic 1-2% and potassi um phosphate nonobasic 0.25-1% w'v.
[0116] In one specific enbodinment, the vaccine fornulation conprises one or

the f | 84%
ey diastce AP deh Pasige) - sCRBLTiaE Htta. Tar MO LoHe SR o 0. 004
W ;IR BHHORSAL B OS0GRS lo Y

pot assi um phosphate dibasic 1.13% and potassi um ph sp hat e nobasi ¢ 0. 48%
w v. | froaeropriedviastspd il Banke(RiddChEnin certam anslmdiments, sharedllawiopassagepmi ses al |

ooy T ouH e HeS g ribiech Sl ButT Rttt mni S mentsdo. 00406

W V5 geliatfed] Mﬁ@&e&‘&ﬁ@@%%}@h@ﬂ%ﬂﬁﬁﬁﬁ afd oY g/t 05@%5&&%)1 IV Vv,
pot assi um phosphate di basic 1.13% and potassi um phosphat e nonobasi c 0 48%

wy. times{@berjeend adoine, opbetvere Sand dhitimeat or move theackd) tirees, andrilicat i on
I
conpon bty dindrpblfes Atk a? Me Y ol B 352 BehP 1B S MBI or 1 e

1. 21% WOy, M2udhvaadi € 10T btd MT8RSed el Seetiohgdont e 250. 094% w v; gel atin
hydr ol ysat or ci ne Tgpe A (or ot her sources) 1% w v; potassium phosphate

d| ba3| c 1. i@%%] aMds pRAcHs] v sowRGS sk Batthn ssuireeeonadisndinied MPGR6etler

f he foll

N i s g TR Ena kel BRSO B L B SR B Sl 1O 1
vvel ght hurobrigoricfty/in i vaogidnlt nedemineycdad ah]dl bzrydleg)l 1Qd%mbt\ype gshat Im

hydr ol ysat.e, orC| ne A (or other so ) such
errbodl ETHIE © BQ’WPE% ﬁ§pg|d%8 PR Fete 1@' 3te‘i@§8§§§] %ﬁﬁqbﬁ‘?}é’ﬁ%{cé buf f er
(pH 7. 90311139 »)vhed ﬂh&%tshﬁéutérfé%ﬁélfz ixfto QERPHL IB R ce @G WAL RTHA | ONS

conprise all lowm ng (WMthin 20% vari ation of one or nore
conpo nehlto)nosemc tnos]ber @. m%w@m gmyimidgment( the expanded) semmefrmncxhyddqﬂtd oride

1.21% aci d o0sodi um nonoh 094 atin
iy o SCkSeets BB Rt o TORBR R M IBRE U i S Biationlie hosphat o
di basi @u&lbép’ﬁ%fnalﬁd)r@%ﬁ%mmo&laas&h@lseomn@hﬁ@ﬂeeh&l £b3%e 84 46 about 85,bP3A8] I n

yet anot her specific enbodi nent, the vaccine fornulation conprises all of

t he folpPadTRECORDONHiGI- %D%“ 0Em0 morehen abasi 0 & abavt 85 cbwmf’émhoyilrn@uctﬂl@se

6. 84% [ual h glutamc
aci d, ?rﬂnlé@is(g%% ﬁ%ﬁﬁg{{g rrﬁz;c%ﬂ eg{c Iggt/& a/? &?98@?&{1@&% +1 ty%%st%éo/ %\%’g%ﬁshe Type
A (or ot hieer asdmsmﬁaséa%ew/ovaﬁwa@m iO@e{SE@&Qhﬁh&e@tb@Sl@ﬂasﬁa%% arfler

pot assi ug} phos hat e nonpbasj c 48% W v. 12 still another specific
St )

enBbdi e rPéSS@&%Ph%ﬂqf@F Wtéplnﬁ?ﬁag%ﬁw St lepst WPrpaptegey OF P ah F28wi t hi n

0% varm@ L QRodfin 9RRARIm [DF Sa HRARARSHIDed HEHEHOSE: 6. 84% wei ght / vol ume
inine 10 nonohydfochloride 1.21% w'v; glutam c acid, nonosodi um

rmnohydr at ¢060 9 veny mnbcgfeﬂnantl, thelspamefiys atedia Lpoﬂl Girriee d’e;rpnatlm ()f)ﬂenunher

SO Ce PO Y BRCRRIR Syl Bl el AR St potagsium prosphat

vacci nendded whel 3 (ROI&PHERbA %ﬁ&rﬁhlfr&fmédlﬁaﬂﬂité&mm Cuid g IMbdl%mr iation of
one or nore conponent): sucrose: 6.84% wei ght/volunme 15(w v), arginine

rm% hy deloutethsr EabodinRayghy serungifiee anddia @ﬁ@d dor the dorsadion of seynohyetraeda0. 094%

pot asoet BG5S 355 Rl Pk BCHIERR aibhlied o asoe

wv. | %ﬁﬁ@ﬂ&ﬂatlsaacsémﬁ fesdhaedinanipted Nﬂ)(vmsmm Marvuloat 1eansepri ses al |
of the following (wthin 3% variation of one or nore_conmponent): sucrose:

6. 84% WELgAIIpH tmieryiriier; megdigpserdder the deprasiopat seHMofpmediazdeptod v -

gl uta 094% i A ysat e,
ARG PR ST T el

1. 38% dafichtipatodsaunntrehmsdiaaidentod MIDAKI aeliﬁls4ﬁ%2vvﬂu otHeﬂ embschﬁﬁ:mfsl e

enbodi nent, .the vaccine fornul ati on may contain Qt assi um hosphat e

(e.g., Saum-Eeemed uspd for dhe derivaiionse! sepmige meéia-%ab?eéa\é Chorlinig MsdiVat

| east gl ne: | east 50
a5t 390 s RO 0Pl Araghioehe B BE AR hO el 0120]
Opt i onanddya- a(@ptﬂd)NlBQﬁ ctgl,s mMIﬁM dlncbrey rmghpreothed snasighe byrumbece medml at i on

liquid fe m ze i under stream of dry

eat e USEELOT Hiey RBuea 14 at e Bedmireien dDE e foi T APE S

formul ati on. The evaporatlon of the fine droplets results in dry powders
conposed of the dissol ved sol utes (sezeg, e.g., US Patent Publication 30 No.

2004/ 0042972) .



[0121] Cenerally, virus or viral conponents can be adm ni stered

prophylactically in an appropriate carrier or excipient to stinulate an

i mmune response specific for one or nore strains of virus. Typically, the

carrier or excipient is a pharmaceutically acceptable carrier or excipient,

such as sterile aqueous, sal i ne sol ution ueous buffered saline
43k e

sol uti off§} templatg ﬁd,l%)geécgchhlgqr@ﬁgnaymf 'slatﬁawélﬂrétﬂa?(ﬂnumlons et hanol
or co Ita{:htlﬁ 0 ri.ng
sterility, per}%ergJ(E)b?ﬁ n?%?\tlg;pﬁ'a st a 1 ty Eh ?&é%{}l}%{c}gl}{ R ert.%

pr ot ocodigived fiabl 4 séreghiinal sonecearSpecifie Il’t&]‘d&‘l ﬂoymulauc@rzrnldeneths@f @t@laﬂﬁlg is

sel ect e&]to m ]a ergi ¢ and. ot her undesirable effects, and to suit
t he par e@tﬂr%?m?’g}ﬁtzlé” ot (*fﬁd‘ﬁgmgg‘t“ro&tgi Wh. e.g., subcutaneous, intranuscul ar,
i ntranasal , (08Y%- In anolh@lRboliREORR! deMs oittjﬂg 11{%3 ?r%:anzrc{ag{ dH62 XJ ARt i C

admini stration of the viruses, of conponent s t ere contalrns one or
nmor e ad} spvamtiteeimoedia hatradion gretsmapiyrgmwe i s:s'qtmrfm nvalidrhevithofl adapagoant i gens.

Sui t abl g, adj t h |
v ot SR e HiboliiintydBe e RAERE Bundh A 195 s By St RO SBnb AR
pol yol scelld @Ralry@n iONEdi DL | Boft a&ther%ﬂamdﬁ&ﬁ%bealseawéx%mnﬁ Mol e

Cal nette-Guerin (BCG, Corynebacteriunz parvum and the synthetic adjuvants
Q5- 21 alf- Nrsyll anOther[e@l@Q]m@ﬁé@‘ etllsyare grapal inMédbV rdathh emshar e admi ni stered

or Ror e e PR, kSPGBt SRR e PGt v °"°

Vi r usesin@ltizei s amtber@txﬁ@ﬂtm@tlthawlﬁ A €SPARSE MEBTADES It R ARESintQr,
15el i Clot%{ﬁn‘%lﬁ at'rqE,rOt ective imune response agai nst one or nore viral strain

are kn goangp MIGM I yetrpathgy gmbadsmenty thesels are gaawy hamedPF nf | uenza

Vi rusesmgég R50M qjé?ﬁblh t n infectious

dose), i. 1., zli 013l 105th 1%’%t e?ﬂ&?pﬁ%aﬁg or %n%a%gorﬁ%g%&g%??% Jginate

adm ni setneneldarotﬁintseFnlactxan@lleyboxaﬂmmnsﬂdﬂﬂﬁﬁtablbg,re;ﬂa@d,wﬂba)tet;oﬁaﬁmugt HA is
d.w,t hoyt. an adj uvan with smal |l er doses being adm ni stered

ni st er
npt? an' 44 eﬂ“\/‘hﬂ?”#ﬁ?ﬂb%fl? anipRLiodhifose will be adjusted within this range

based 0 hysi cal condition, body weight, sex, diet, time of
adni ni s‘{]‘?at |(gwt“r§%%°'6’:‘)ﬂ‘é'?s clinical factors. The prophylactic vaccine

fornul ati orfodm)s sl Lal 1h¥erﬁ‘féﬂ‘p%\§3£rrﬁghoc% 8r the RU1RHBGHE AN Als of
i ntramuscul ar injection using a needle and syringe, or a nee e €8S
i nj ect |tb@tlld’éwQ’,ﬂeﬁﬂdNﬂteelﬁnmalvelllsym fehen vanteinne Efndrsmdn&fme)medm fadmilatictser ed

intran | ar i C aer at er than 25about
10 m cruey e FO0 Ty RptiiBhy cafls P peliradfisin{dre Hioas aity Py ¢ ne
aba@de rowieas tief maidtdnuieyofMasproperticNothd MIDER IdeMEo S8 1iRhkod, TEKIEnE €SPONSE,
intrangsal admnistrati on confers the added benefit of eliciting nucosal

i muni t3FINgNORHEME IgRNig b Cét@tw QoS |grﬁW1ueﬁ&edh¢rmnseHSFguowmg asRas al

adm ni sy akiy)s akt, r e, often preferred, e.g.,
an attenuate S’ ﬁ]gg ? H}dﬁh élln a% %ﬁ }seltepv(eahrogé)(gﬁ%’il?tgnt or

r eassontiasds, amf shmpmag&iﬁb gth&Sof M\ﬂud:reastrumgl(agl eﬂdihfda}ﬁe@rafﬂtt@@tl ve inmmune
response with a preferred, additional dosages can be

se is
admi ni §‘E‘BP"68|“”%°5?“FH§€ é&%f 6?6%?%@%&0(4%@ fsntee & losadiiBy tadgesilesd
pr oBhy IRy ing. &1l R4kr-andhierne dist EQ&%S&”J P a0RRGL EHo 1018 B 1Kk Sl 8], udi NG
but not limted to, orthonyxoviruses (i'nc I'ng I nfldénza and] ’
strai ns))‘ at lpast ah\w(@\ﬂ rTimes cliure bordiithgns R deh binteane nettt&plm@immhe khsicastl
par ai nf @ rha VI ruses and fl gvoviruses nfl uenza Virus
f0124] Hasts °€E PELLJELPYAYE f‘i“érﬁgo%é?eé]i“?tj %Ar‘iullth‘t‘*PP?/ concer ned
wth ﬁilggbﬁd(mgiyg@ﬁ c@ﬁtehtﬂi‘nﬁqﬁﬁza viruses for vaccines. Influenza viruses are
made up of an internal ribonucl eoprotein core containing a segnented
single-str W@ RNasprenbely apnicmplabut that dnicpbidled irethe asmuel afapt thicelturby a

mahLRi X nza_ A .and.influenza B vjr e nt.ai n .ei ght

ceonen Eh8fibidtn s AHttFOr fat f0urTirahE B RaR el MRE G aE RE PR g Bhone
encode§ue!h edpiutioal yaeplshdasit iSe R edss ulth% pRotRieAsh IWiRE rRRIMPEDS | #RRy), Making
up a RNA- 10 dependent RNA | yner ase. nment 1 encodes the potyrrer ase

conpl e®s Apstibsh ipmxample iy d |3WPhQPp]éﬂayﬁ%%H§1ecapmt\@t PROSHB1 869 PA are
encode spective I n,_addi t.ion, segnment 1 of
somne |%%Ynea?t§gl?§t reasffz}]]ge'ag%@%ﬁgy E%é’lfh or'o "eelcr?“é{’ﬁiﬁts o mﬂ?eot(]i‘ﬁced from an
alternative reading frane within the PBl COdI ng region. Segnment 4 encodes
the hemagglutinin (HA) surface glycoprotein involved in cell attachnent and
entry 15during infection. Segnent 5 encodes the nucl eocapsid nucl eoprotein
(NP) pol ypeptide, the major structura® conponent associated with viral RNA
Segnent 6 encodes a neuram ni dase (NA) envel ope gl ycoprotein. Segnment 7
encodes two matrix proteins, designated ML and M2, which are transl ated



20vari ants. 0125] The ei ght genone segnents of influenza B encode 11
proteins. The three | argest genes code for conponents of the RNA

pol ymerase, PB1, PB2 and PA. Segment 4 encodes the HA protein. Segnent 5
encodes NP. Segnment 6 encodes the NA protein and the NB protein. Both

b1 oo s PRSHPEonPhIacciae isgitl FoBy o MPGRAZLS B G SHeBOLHEEN TR EH B ahn: L

and M2 ﬁrcﬂ?{ﬁ o R deiS tTh%@eQéIﬁ{Hre %ﬁﬁﬂﬁ% nidl\ﬁliepcfu@gfécﬂo% lir¥Sd Mehent Surfdcans! at ed
fromt full length RNA and 2 which is translated froma spliced mRNA

vari antell denSIty{t@lllza:ahmeéé@motnamtraMDnusehoeoﬁmﬁmwuuedsanadmwgepmoalt@t
sel ected Egnagglutinin and neur am ni dase antigens in the context of an
approvéﬂld Ster strain also called a master donor 30 virus (MV).

FI uM st (r) [0080¢S INER: @hbARPERAY8E MDUK &4i3RF 6’ indnkieh Urt ®GtivatRInRer at ur e
sensitive IVDV strains (e.g., A AnnArbor/6/60 and B/ Ann Arbor/ 1/ 66).

[ 0127] adharentises of a ﬁ'ﬁf%@(ﬂ%wérfé thesedtiachf ddhermet syefheasanivdrichfissue a8lsie t ant

See ol T RAP ALY, 57 AT SolsREENGaIE b Ukt has ent s,
6, 544, Tﬁﬁtedﬁo G4a&dodified pdlydtrend pthstibsSprofelh ebitedpRTaceate Lfit¥osectin

11/ 455, 818, 11/455 734, and 11/501,067. It is contenplated that the NMDCK
ceI |'s, 2R/ET eotiaen pRatgtoRlassorastinkas wielba & Brgea‘faéletyﬁfcammeﬁealﬂmvaﬂﬁ@auct i on of

VTR LRSS ) BRE 0B BRLEL SRR Ehitr
reassthpmbemiFhﬁ@EdﬁﬁﬂpﬂeﬁB@gﬂ@enpﬂymkphhemﬁbmnmﬂcbankﬁhﬁﬁasHﬂkx

B/ AnnArbor/.1/ 66, PR8. It furth | at ed MDCK cel | s,
red . SAEPHIL RGHATAR: CHodbny bl Paivisr & GEdRka e LR Scbraaubiermge

| nf | uenzaysvid 4a8BspheRe(MdhOhn ?%PW ﬁ(ﬁﬁﬁudfbﬁé{ﬁ%%amé’t‘é’dtﬂ&g RREH afgRr € of the

fol |l ow ng phenotypes tenpera ure sensitive, cold a apted at t enuat ed.
Re asso usméiatue@rfraa@r béhega ew:lhgmfﬂlﬁd:lyvocmrae of ¢l culteres Sor ezamuple echglaitesof f or

(g7 Bl Boer ML) Rl o 2Oy a0 o ca i DD D steab 106 Wlbent Nos.
6 544, (@iure Berfidbicdd 8f giowdPdurfed. The B8 cEFhdhbreRELrlddis RicBPthed 37 the

5 824,536, 5, 840,520, 5, 820,871, 5,786,199, and 5, 166, 057: U.S.  Patent
pli c srathnds ptibredciar t'@wum@tlomgﬁeedyi@@mdiggﬁee 11583212“ axbgBiB37487,

%88283%%%%ﬁm B BRI E B A0 e RS e 6P B SRC B BE A RS
| nf | uedzgngtheiprotesest subaliurhgathatanets QlaNAsolifBnasg titdlifeapandig hSA
345-9350; Fodor_ et al. (1999) gg%cue f influenza A vi r(tﬁaskro

rez mbcrhRlnERADe sellsypyshpe ’?rgnfg‘e?@ - cop e AR OBk Sy facy (g

transf eatioefisy 1S Hhtfooarne%ﬁﬁ,bé%t LRl A L tERE S efhoflk LS bd (9RO Bffect
pl asnzi ds Proc 'Nat| Acad Sci USA 97:6108-6113; WO 01/83794; 20 Hof fmann and

Webst ensuc(hZ@tll(lyansibm Ebrreaemplmnatotdam pmlqdnrgmmlm TmeyErmrdamélagdnaw, angcription
syste for er |on f influenza A viru fro ei ght .pl 1 ds,

o1 bouke St e i st B i Gng s Ml s s p b Bad BET ites 11 om
8 pl asra']éu@@r ﬂ&ﬁ(olmte alélréér]vomfﬂé@f mlcrocan{lé}:'eagtlmﬁ%l‘%@ih@&l g)aﬂsh@h ifpgention in

anot her aspect provides an MDCK cell of the invention conpri ses one or
mofe gerpbledegsennen-afimghdirnfer perigase Vorrsush apnilcemrtsauﬁl asdmiddi nents, the

|1 f fl
embodi ROREL @ e AR B SaB AT C e el BHRTRBLLIER ot Nz

vi rus. tlafsfeemt@bds Q8P LABAUS whiBR fRdst beadbenamhdliSae MEREEwRNR ehd r om one,
or npore different influenza viruses. In certain_enbodinents, the eight

genom @O%fbg%h@asis arshibeicy Burep ns shtechynden ponsiiiang vinctafsen linghe thedepalet plel v,

}‘ rom any;d ff, &%ﬁea%tsrlﬂ'o@néﬁ%‘ﬁ%ohﬂn&%ea%hfn'b[n%ﬂoﬁ Hféﬁa?ea&f freq rﬁgéﬁ" tgﬁ%?ﬁd
mtation and enal nin enom c segnents arée froma co adap ed,

andfor td beqdaraabier 8, utidieadsi ki aV@emﬁl dﬁlbbdl&idn& rwailedltimefolf MIDZH o¢ils bbthel n

certain enhodi nents, the cell conprises, any influenza genom c segnent
descri HEGRION EiNVIRG as KBersnbesls AR YR CHBSE 4rp HERtab A 2 PIoteadEers| C

EMBCDI WS%[ %p teakeAs M@ghﬁcﬁ%&y ?fu fie @&H&yo@ﬁeﬁm@g hekn a

cell cul osition conpr|5|n lurality o S supports
repl i céitadmantrypsin athisitoy tedh rrrediamnddmpltoeai:ner bewdle ey U@ twemigied tostkei nf | uenza
virus to, a base 10 Iogarlthm of thgllgfglr:an 5 i ssue culture_ infection dose

per ni CPiREEL 8} ORq JRhSTHeR DB BYIELT OB N a{‘&%’&‘fm’ﬁ EToved BN Base 10
| ogarithm of fluorescent focus units per milliliter (logio FFU nL) of at
| east about 7.0. [0130] 2. The MDCK cell of enbodinent 1, wherein the

MDCK cell's support replication of the3d nfluenza virus to a | ogi o TCl D50/ L
of at least about 7.2 and/or to a logio FFU nL of at |east about 7.2.
10[ 0131] 3. The MDCK cell of enbodinent 1, wherein the MDCK cells support




replication of the influenza virus to a logio TCI D50/ nL of at |east about
7.4 and/or to a logio FFU nL of at |east about 7.4. [0132] 4. The MXCK cel l
of enbodi ment 1, wherein the MDCK cells support replication of the
i nfluenza virus to a logio TCI D50/ nL of at |east about 7.6 and/or to a
| ogi o 15FFU/ nL of at |east about 7.6. [0133] 5. The MDCK cel| of enbodi nent
1, wherRPifasafEcafipet fppnathe gibafimens s nasken orallat theyaromal mednmaisvemagedt o a

| ogio T, . . e E f at | east
about 7‘%%%% OErS. TR%@%%%%%E{H' (@Pgtel%ggéc}ﬁ#e%??m%&%’ear thlerl:]atf#/ﬁg% cells
suppor tadded gpbi toar denngprotdase iredtnenein hesonie ermsbddéments, ol profe@bdbeted ofl_ hat

|l east 8.0 and/or to | ogi o FEU/ nL of _at |east about 8.0, [0135] 7. The NMDCK
cel | of® ‘Hﬁeolai“ﬁﬁﬁ{:”icf toygh{aresy ﬁul{lﬂﬁ%‘fwe@éﬂ f%ﬁb%‘%‘fﬂ'ﬁ%ﬁlqﬂé{a}?fd]?ﬁsbf t he

I nf lsuengadi¥ bhdSideOcaridQ0l o TCI D50/ nmL of at least 8.2 and/or to a | ogm

FFU nmL of at |east about 8.2. 25[0136] 8. The MDCK cell of enbodi nent 1,
wher ei n t hd 0f8IGK lo@ink smbagipent, theD@aceltspfdhe inventionfdreieniieated ssusont 0 a

| ogi o TCLD50 f at least. 8.4.and/or to,a | oqgi q. FFU.nL of at |east about
5% [ GTBTEN6 & koese BRI <8 Do rerhron RBR KRR R VB el o suppor ¢
repl i catiinbleafulthire cbdid Wi aarw)dMﬁplbsae@@nlrﬁad:&w&%%@%ﬁhes@fac&kdihg@&%he8- 6
and/or to a logo 30FFU nL of at |east about 8.6. [0138] 10. The cell of

enbodi rig¥entien aghadl edspels krowpiokhe persen sakbasontthe arplshelnas, & cafmpleespimfer uenza

[ t I f at le .8 and/or,to.a logio.FFU nL of at
ety sRule ooty B8 e Bopefl PP bbb R S RS e e ook
cel | s soppactnerpegductaod,iipia ofitn tierabRkftb ¢elhaa thd dells it Obidrd20@e of fekebni | . of

at least. 9.0 and/or tp a logio EFU nL of at |east about 9.0. [0140] 12.The
MDCK cPIPreafiomase ayaiiehic Hiyogéﬁ@ﬁ SO wiHleT e 1o & gxcgysikd 0i0R0 Sitessragn f r ee

medi um MRCK ?Eﬁg ' .serum free
medi a i%ﬁgiﬁédﬁfgncg?ﬂg?%lt el n lﬁﬁl&gtoﬁ%%?\gﬁg 4%01’6%5%0%@%%& of

enbodi rsmntific, bdisors NT);tlwribGkendebmmea ciatlveledntreadt@ 43 B5BEhe BMEK: cel | of

o R Bh S DR Sl gy Qodher ent (014a] 16, The WK
[0082] In one embodiment, the MDCK cells of the invention are cultivated as
adherent cells in a batch culture system. In a specific embodiment, the MDCK celis of the
invention are cultivated as adherent cells in a fed batch culture system wherein additional
nutrients (e.g., carbon source, amino acids, ctc) are added as they are depleted from the
20  starting media to facilitate growth to high cell densities. In still another embodiment, the
MDCK cells of the invention are cultivated as adherent cells in a perfusion culture system. It
is specifically contemplated that the MDCK cells of the invention will be cultured in a
perfusion system, (e.g., in a stirred vessel fermenter, using cell retention systems known to
the person skilled in the art, such as, for example, centrifugation, filtration, spin filters and the
25 like) for the production of vaccine material (e.g., virus). Additional guidance regarding
culture of MDCK celis as adherent cells may be found, for example, in US Patent
Application Publication Nos. 2003/0108860 and 2005/0118140. In another embodiment, the
MDCK cells of the invention are cultivated as non-adherent cells in a batch or fed batch
culture system. In still another embodiment, the MDCK cells of the invention are cultivated
30 asnon-adherent cells in a perfusion culture system.
[0083] In certain embodiments, a reactor system comprising disposable elements such
as a flexible plastic bag for culturing cells is utilized. Such reactor systems are known in the
art and are available commercially. See for example International Patent Publications WO

05/108546; WO 05/104706; and WO 05/10849 and Section 8.12 infra. Reactor systems

31



tunorigenic. [0145] 17. The MDCK cell of enbodinent |, wherein the MDCK cell
I S non- oncogenic. 15[0146] 18. The MDCK cell of enbodinent |, wherein the
MDCK cell is derived froman MDCK cell line identified by Anerican Type
Culture Collection (ATCC) Accession No. CCL34. [0147] 19. The MDCK cel | of

embodi nent .1, whe he cell is derived om an ell line
ione | ErBEhe Aol sliienty s roioial B s oReksass PG Sa0 GF
PTA- 65 § ANy SR \ W cell is
i denti ??berg{ﬂgﬁ&gTSC%ﬁ(AZg?éy onrgNgiehBQI'éAc\i- 7909 d{?ég’{?lr§?5¥%§{&0ﬂ49] 21. The NMDCK
cel | of?leémalaneﬁﬁﬂ’l enmnmnhfow lsbatigrrig fmem batohite batch gr pmdufrtftb poyzet iAavi r us.
25[0150Q] .. 22. The nt 1 mhere uenza virus is
o ot PhiciE o Bl Sfitns s STRIET Bate 15 Rsflalhek St by SSRGS ¢ e
i nf § uenzRh\b-bhish T SoRamBlaboRBRPER ik [eSopeldba]a o%ﬂma’éiﬁbl%’la@!,@a@%ﬁtaghf
enmbodi nrent 1, wherein the |nfluenza virus is a 30tenEerature sensitive

7

vi rus. apdwEBmipanafies ne/pPERaEEPR PEET erisedidgitionslly, wites elBstdRaot rkuienza vi r us

o LSRR Ol Tl S o b
sensi t Iofieac\citfeu&atendl(ﬂé@.ﬂﬂr@.ﬁﬂihecémftueﬁ Tn paﬁlcﬁma@dibﬁ'&lmienﬂs,, a\ibpoeble t he

i nfl uenza virus corrprl ses one or nore %ene Seg nents of a terrper ature
sensi t FASLOT SYSIER it BHTAnan e BRetoR R Y }thqlle@'ﬁ 2% aidgedynpmisglvirgmype MDCK

col, SToae i A ere L e RS g GO ESRTS o e
cell of enbdB4irem odg cralbveliment, thh &MDOKI asdn Dﬁthellnmtlon are cultivated at a CO-
concentration of at least 1%, or of at least 2%, or of at least 3%, or of at least 4%, or of at
least 5%, or of at least 6%, or of at least 7%, or of at least 8%, or of at least 9%, or of at least
10%, or of at least 20%.

15 [0085] TIn one embodiment the dissolved oxygen (IDO) concentration (pO-, value) is
advantageously regulated during the cultivation of the MDCK cells of the invention and is in
the range from 5% and 95% (based on the air saturation), or between 10% and 60%. Ina
specific embodiment the dissolved oxygen (DO) concentration (pQ; vatue) is at least 10%,
or at least 20%, or at least 30%, or at least 50%, or at least 60%.

20 [0086] In another embodiment, the pH of the culture medium used for the cultivation
of the MDCKX cells of the invention is regulated during culturing and is in the range from pH
6.4 to pH 8.0, or in the range from pH 6.8 to pH 7.4. In a specific embodiment, the pH of the
culture medium is at about 6.4, or at about 6.6, or at about 6.8, or at about 7.0, or at about 7.2,
or at about 7.4, or at about 7.6, or at about 7.8, or at least 8.0.

25 [0087] In a further embodiment, the MDCK cells of the invention are cultured at a
temperature of 25° C to 39° C. 1t is specifically contemplated that the culture temperature
may be varied depending on the process desired. For example, the MDCK cells of the
invention may be grown at 37° C for proliferation of the cells and at a lower temperature
(e.g., 25° C to 35° C) of for the production of vaccine material (e.g., virus). In another

30  embodiment, the cells are cultured at a temperature of less than 30° C, or of less than 31° C,
or of less than 32° C, or of less than 33° C, or of less than 34° C for the production of vaccine
material. In another embodiment, the cells are cultured at a temperature of 30° C, or 31° C,

or 32° C, or 33° C, or 34° C for the production of vaccine material.
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conpri ses one or nore gene segnents of B/ Ann Arbor/1/66. [0158] 30.A method
for proliferating the MDCK cell of any of the preceding embodinents to a
cell density of at |least about 1 x 106 cells/m in a SUB system conpri sing
10 inoculating a cell culture nediumw th the MDCK cell of any of the

receding e i nents at a seeding density of between about 8x104 to about
Ii)2x104 cgl I @Bgrgl gﬁd) g‘ﬂlt? ﬁFIFer‘i@ef’ﬁ‘é’“tee‘PP@n%{ﬁlge ViR it &lsﬁﬁﬁﬁ’éwdh’e or nor e

cul L Ur ecchRAIEA B BRITOIRIc L SRR SR ARSI LR inccdln B8 bt on

rate of between about 50 to
7.5; 15sadiseshymidéxygepefiddn Qetaméeﬂ"halnellﬂm%ﬁ% tultiaidtst a 100 Mg h&ﬂﬁ d.a

159] 31.Th t hod of
enbod e sdr SAEPE R aﬁi@@@éﬁ?& IR relly iy 1 e obientih Fheesermad um
[ 0160] éataﬁﬂ@a '%Eéﬂé)(ﬂs Q/fell% ]fégvalﬁ\é"ﬁhrtﬁé il (gth a%fdgﬁegelgeﬁl gmis

an 20 animal protein free I u 61] 33. The net TENt 30,
wher ei nastagiaiéqt, knewit tauthe pm@dm siﬁilqrctlnl\l!bdal‘vca.mﬁe wadiby anpukatbdvduﬂngghlﬂmse or

M 32 34. The th enbodi erein
agi ta? .r%f%ﬁ?}ﬁbeél?s (?fjtgé nvgﬁtbod]tsuﬁgﬁla{)&ﬁ%[‘ £eR3% r'Plr VTBT @ri’gh tiogepaty é met hod
of enbostimEnéd. 30, wherein the DO is between about 35%to about 100% [0164]

36. The net hod of enbodi nent 30, wherein the tenperature is between about
36C and abd¥#8¥sdbhemawsy msmtrpﬁevrwedmetb@d%fnbmhﬁgmnga@:,lls\i\m@r MDCE

T RGBS A D UL BB Ly LRl 00, T
about ]Intcertab@mbodmga’nts MIDOEK €L 1I88e Aularell i€ 4 SUB sseaniBasdellidensify srdwced by
the nEtIQz? (tj 5());10 ce){ls/?r&e a eas?’/m%g% Hs/mLS(a)t‘;[ l%as?qt;?(%lcgﬁsr}hggt least 2.5x10°

cells/mL, at least 5x10° cells/mL, at least 7.5x10° cells/ml, at least 10x10°, at least 15x10°

cells/mL, at least 20x10° cells/mL, or at least 25x10° cells/mL. Tna specific embodiment,

15 MDCK cells are cultured in a SUB a serum-free medium such as those described infra (see,
for e.g., Section 8.10) that has be supplemented with additional glucose. For example,
MediV-105 supplemented with an additional 4.5 g/L of glucose (9.0 g/L total glucose
concentration) can be utilized. In yet another specific embodiment, MDCK cells are cultured
in a SUB as adherent cells on a microcarrier. In one embodiment, the microcarrier is used at

20 a concentration of between about 1 to about 4 g/L.. In another embodiment, the microcarrier
1s used at a concentration of between about 2 to about 3 g/L. In certain embodiments the SUB
is seeded with the MDCK cells to be cultured at a seeding density of about 5 to about 15%10°
cells/mL. In a specific embodiment, the seeding density is between about 6 to about 14x 10
cells/mL, or between about 7 to about 13x10" cells/mL, or between about & to about 12x10"

25 cells/mL, or between about 9 to about 11x10? cells/mL. It will be apparent to one of skill in
the art that the seeding density can also be calculated on a per microcarrier bass.
Accordingly, m certain embodiments the SUB is seeded with the MDCK cells to be cultured
at a seeding density of about 2 to about 30 cells/microcarrier, or of about 2 to about 25
cells/microcarrier, cells/microcarrier, or of about 2 to about 20 cells/microcarrier, or of about

30 2 to about 15 cells/microcarrier, or of about 2 to about 10 cells/microcarrier, or of about 5 to
about 30 cells/microcarrier, or of about 10 to about 30 cells/microcarrier, or of about 15 to
about 30 cells/microcarrier, or of about 20 to about 30, cells/microcarrier, or of about 5 to
about 30 cells/microcarrier, or of about 10 to about 25 cells/microcarrier, or of about 15 to

about 20 cells/microcarrier.
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[0168] 40.A cell culture conposition conprising MCDK cells and a cell
culture nedium wherein the cell culture conposition supports replication
of an influenza virus to a logio TCI D50/ nL of at |east about 7.0 and/or to
a logio FFU nL of at |east about 7.0. [0169] 41.The cell culture

conpositio enbodi ment. 40, rein, t 5cel | cul tur osition
supports rgm%l:amj%?ﬁgaﬂ’f e‘?‘?@@ﬁ%ﬁﬂﬁ% Wqﬁlﬁe ?ﬁmée Bdi rF?éltW‘an%t

| east gb@ute pardin@Bd/sBlectt® idn] BFigfouprdhiibtig of%mg@taﬁﬁe, abpMionrar, pH [0170]
42.The cel |l ‘culture conposition of enbodi ment 40, wherein the MDCK cel |

cul t ur dissdnpbeivern (PO EhandLQalliw cate.iashmohitersd andipt cratrpded.i Inuget o a | ogi o
TCl D50/ f at .l east about 7..4 and/ to a4 ogi F f~at .l east about
7. 1670eS et eiREbe B s il DR R bt e s e B bP I s efifEher n ¢ he
MDCK cghdut 88 14" o GOITIOShit BeBReshlppar 3BCte Rbdut 3R NINGS spbbificieMbbiientag Vi rus
to a logio TCI D50/ nL of at |east about 7.6 and/or to a logio FFU nL of at

| east Bdepsrapre is maintpiped 24 abent jweenihoug §6Citeabewiidsi {1 et of enbodi nent

40, wh i n t > cul . itiO ri plyi i of the
i 1 Uogp ot et AR IR oL RPRLISD D T SR 1
| 0ogi 0 Ebbdincof thatatt efisgitatibn i mainGined at befwtd 3ot B0 Tnebwell RO epsh tar e
conposjtion of enbodi nent 40, wherein the MDCK cel] culture conposition

suppor PEeEprIUALY Ehatout { Branht AgERRR ok 8% qoptralledyl BeansBbimerign at
| epgpt %Qllljg 18 aﬁotﬁ@tdén%odthﬁel?t fhg Wc}gﬁﬁ%ﬂhﬂ@is rﬁ&in%lﬁi%ﬁtat Wén %onl’tv%@%&?A']
cu of enbodl nent e 20cel |

46. The cell ture conpositio 40, wherein 't
cul t ur ebad o dh isperiSa ppbodimentethk iptladfitbnstafting lvel tinefis beween siout6.0tte a | ogt o

TCl D50/ L of_ at, ] east .about 8.2 and/or to.a io FF of at |east about
B2 abou g e hG B s BRGNS e Rco pint LIS doatadourneite w8 iiner of n
the I\%C@@! It W1 BRI Srlc@F sRIURR K St MBIk ¢RI Rhy b ddruenza

virus to a logio TCI D50/ nm. of at |east about 8.4 and/or to a |l ogio FFU nL

of at hghetthabthgtdegreyl rang{ guinbyt thgphhaaycld 4llomed ttel msraastpodicrdasmtoghe

e di qent ,40 er.ej he .MDCK.cel |, cul t ure conposi.tion supports

Conr T e IRt HE PARVR R 0P TSGEnbe, i B o SHERER Ry FHER b apou
8. 6 and( @k att0 For &xa@iple HeWihaphbe abntt@RAbyabdginp8CO, and/or byl dd8bhglac#O. The cel |
culture conposition of enbodi nent 40, wherein the MDCK cell culture

conpos (@8 -oHCE) ppbase ¢-£e PaOEREs sacdse. Imstil] protiups smbodinpans thegceentabl wnge

TCl D50 : / | east about
5.5 [oeh RO pEERTboR Bt Mk S99, o bfeciic Bl inth Tt BOR 10 % her o 1
t he MDaidimtshéd atbetwiea abowmB3Ss ta abousdppsrtas abaplS0tatlhanothtr gpkeificnf | uenza

\C/):‘ E(Ets %%Qé@ilmgg{aﬁ}eﬁgbgggél%og Iirog elo%vaa tou???‘% Itgxivi(l)l l?enucgdglrstt}o(()i b?r ang%lf(s)kiEFU/ .
in the art that the initial DO may be 100% and that the DO may be allowed to drop down to a
predetermined level (e.g., 50%) where it is maintained. The DO is maintained used any
method known in the art, such as, for example, by sparging O,. In certain embodiments, the
O, flow rate is maintained at less then about 2.0 L/min. In certain embodiments, the CO;

25  flow rate is maintained at less then about 0.4 L/min.

6.5 Production of Vaccine Material (e.g., virus)

[0091] The present invention provides a method for the production of viruses in cell
culture in which MDCK cells are used to produce viruses. In certain embodiments of the
method, the MDCK cells of the invention are used to produce viruses. In one embodiment

30 the process comprises the following steps:
a. infecting a cell culture composition comprising an MDCK cell of the

invention with a virus,
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[0179] 51.The cell culture conposition of enbodi nent 40, wherein the cel
cul ture conposition does not conprise animal serum [0180] 52.The cell
culture conposition of enbodi ment 40, wherein the cell culture conposition
does not conprise a protein purified froman animl. 5[ 0181] 53. The cel

cul ture conposition of enbadi nent 40, wherein the cell culture conposition
conprises a recoﬁﬁlnaﬂﬂﬁﬁméﬁ%ﬁE@@BG“BW@FQUm0$PQQB@¥WSﬂmﬁﬁ@wdéﬁﬂmuumture

conp05| 53, wherein the protein is expressed by at |east
one of lk Qﬁﬁ%%ﬁgggﬁﬁg' |3183] 55. The cell culture conposition of enbodi ment

53, \/\herel n the prrote|1m1at$ng1ﬁmsperﬁsmetﬂebei1callmea:@jﬂqjdsai[ﬁahlgzprggsirﬁn syisltem
and then a the ¢ cul I.on 0 . The ce

cul ture coﬁﬂﬁg%]t 3Puef ﬁ@@ Wﬁél‘) e RYfatips P Friedpréotie essed
pr otsei NytdyS(al E‘sséﬂh'efén%elfsrY@%d?her[e%%ﬁme?i ﬁ@mﬁ%‘ ﬂ)ﬁtﬁé fhveRl Oa%t ion of

enbodi nent 40, wherein at | east sone s are a erent
15[018GF05@H$ﬁbmm%ﬁ®SEDK@GSGOEGdeQMEBﬁm BMBhﬂﬂﬁﬁcﬂﬁnﬁ%ﬂﬂmvmh&memﬂbbhe VDCK

h 0 59. Th 1l,.cul t f embodi nent
o e B R B e B e L SRR Ssd B hogos ) 50 The
cel | cudeberitRdGopROTH Cérein embemiRaisBeIMBOK WNgLEIR m%@@% c%ﬂﬁl%h'é afe

non- adherent [0189] 61.The cell cul ture conposi tion of enbodi nent 40,
wher ei rihg BRUTAIRAKhe Blocessan a sw@m-fr@mmpﬁigmueh a$,Fa00%npR:, Mealigdion, MuHMr e

CONPOSiI {0 are.derived from
cnaenod e e Y105 Wb TR e o Mot TR R AT Sh epe AEF SrRetidton 25 (ATCO)

Access i thereddd. In @@bé’@lﬁc ERBSHEnehS th'Eh‘aDmi beustdfttwlﬂv@xﬁiamﬁé &iiRkedih ageRegli Ment

40, wherein cells are derived froman MDCK cell line identified by

ATCC ACEES8¢ WHNBPP prRntebpith ehrase sontionplin. ths DEK cpltvefabodveiiarodn 64. The
cel | culetcyithreB GBRYOLIE S He p‘?gé%géjfnrﬁe&}urﬁ Qontm%{geﬁgdls Pe. 2. MBMEM + 10%

FBS + 4 mM glutamine + 4.5 g/L glucose). Additional culture conditions such as, for
15 example, temperature, pH, pO,, CO; concentration, and cell density are described in detail
supra. One skilled in the art can establish a combination of culture conditions for the
proliferation of the MDCK cells of the invention for the production of virus.
[0093] The temperature for the proliferation of the cells before infection with viruses
is in one embodiment between 22° C and 40° C. In certain embodiments, the temperature for
20 the proliferation of the cells before infection with viruses is less then 39° C, or less than 38°
C, or less than 37° C, or less than 36° C, or less than 35° C, or less than 34° C, or less than
33° C, or less than 32° C, or less than 30° C, or less than 28° C, or less than 26° C, or less
than 24° C. In a specific embodiment, the temperature for the proliferation of the cells before
mfection with viruses is between about 33°C to about 39°C. Culturing for proliferation of the
25 cells can be carried out in one embodiment of the method in a perfusion system, e.g. in a
stirred vessel fermenter, using cell retention systems known to the person skilled in the art,
such as, for example, centrifugation, filtration, spin filters, microcarriers, and the like. Ina
specific embodiment, culturing for proliferation of the cells is carried out in a SUB system.,
[0094] In such embodiments, the cells can, for example, be in this case proliferated
30 for 1 to 20 days, or for 3 to 11 days. Exchange of the medium is carried out in the course of
this, increasing from 0 to approximately 1 to 5 fermenter volumes per day. Alternatively, the
growth medium is supplemented with and/or comprises additional components (e.g., glucose,
trace mineral, amino acids, etc) such that media exchange is not required. The cells can be

proliferated up to high cell densities in this manner, for example up to at least 1 x10°-25x10°
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30 cells are identified by ATCC Accession No. PTA-7909 or PTA-7910. [0193]
65. The cell culture conposition of enbodi ment 40, wherein the influenza
virus is an influenza A virus. [0194] 66. The cell culture conposition of
enbodi ment 40, wherein the influenza virus is an influenza B virus. 0195]

67. The Il culture conposi.tion enbodi nent 40, wherein the inflpenza
Ui rus eERmLofhe BEisRBTRE FUETE poLoe BePTRE wepReELndedeRd s St of
enbodi GBNEoAR, th¥B&H&iltBf bRRodNEh@RiAad oM abidk hShARedibiedati£ghys rus. 5[ 0197]
69. The cell culture conposition of enbodi nent 40, wherein the influenza

virus oerpreiseknoretoche pesen gklled inshmarht 4ltomatvalytheedis sre be enlgired ineg
attenu%%ltﬁl go%dsscc%lfd ?g{a]ﬁtr%d iSan uenza virus. [0198] 70.The cell culture
conposi "oR ot e%%% rent 40> wher ei n the influenza virus conpri ses one or

nore gene $EHFRNYSofd erhBYdimenzo tikd pratdys Abddinid e 1i6/c8fon, 1 PAZRD, 71. The
cell culture conposition of enbodi nent 40, wherein the influenza virus

conpr i yalgecHecase corseatryumendoFie permsterppinha caliys melee to sroote Tollsthe cel |
| t it e i | tured
ot ber soRastW Gl SlERBAGUERDLeS o ISR B b0 BN € MRSy Lonsa

virus. in&e@R01] 73. The cell culture conposition of enbodi nent 40, wherein

the MDCK cells do not .conpri.se detectabl e oncogeni c DNA [02,02! 74. The cell
culture cohlP8l t IReertpin MRl 2 ptionpbthsimeditie ichanggf prpelociposi ti on

do n | : 3 0
Comdon 1 B b B o e e e B B does
not comrpmitd@0Ueoekedtabireativaci@hit@abdud 80%)] o7eetivhen deiut 3@ Ito obant 66%posi ti on of

oo e S o b S ST 83 e eh SRR 1 50 2
. COMPOS gk RoRincITHAH IR NIn AR MR REMBLAIndAE tiehRaiualk 8xchange with a reduced

volume of mediurn, effectively concentrating the cells, The medium may be exchanged for a

15  medium having the same or different composition. In one embodiment, a growth medium
used for proliferation of the MDCK cells is exchange for an infection medium (i.e., a medium
used during infection and viral replication). In a specific embodiment, the MDCK cells are
proliferated in MediV-105, MediV-107 or MI18M and prior to infection a portion of the
medium is exchanged for an infection medium. Altematively, the growth medium is

20 supplemented with and/or comprises additional components {e.g., glucose, trace mineral,
amino acids, etc) such that media exchange is not required. In another specific embodiment,
the infection medium comprises a serine protease (e.g., trypsin, TrypLE, etc). In other
embodiments where the media is not exchanged, a serine protease (e.g., trypsin, TrypLE, etc)
is added shortly before, during or shortly after infection.

25 [0897] In certain embodiments, a protease is added prior to or at the same time as the
cells are infected with virus.

[0698] In some embodiments, the infection of the cells with virus is carried out at an

m.o.1. (multiplicity of infection, also abbreviated herein as “MOTI”) of about 0.00001 to about
10, or about 0.00001 to about 1, or about 0.00001 to about $.0003, or about 0.00001 to about

30  0.0001, or about 0.0001 to about 10, or about 0.0005 to about 5, or about 0.002 to about 0.5,
or about 0.001 to about 0.003. In still another embodiment, the infection of the cells with
virus 1s carried out at an m.o.i. (multiplicity of infection) of 0.0001 to 10, or 0.0005 to 5, or
0.002 to 0.5 or 0.001 to 0.003. Alternatively, to the infection of cells with virus is determined

by the final concentration of virus in the culture. For example, virus may be added at a final
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virus is a virus that infects canine or human cells. 25[0206] 78. The cell
cul ture conposition of embodi ment 40, wherein the MXCK cells do not
conprise a latent virus. [0207] 79.The cell culture conposition of

enbodi mrent 40, wherein the MDCK cells do not conprise a retrovirus. [020|8]
80. The cel |l culture conposition of enbodi ngnt 40, wherein the MDCK 30cells
are gr ovaRcensration of akps 800y x U /mk tq abeyt 0 8&%(@)&!@@0‘6& gyl Iéﬁ/mL to abot0209]

81. The loP /iU 5t | QEIE,‘%@ h I\/RSEK ells
are gr o%naotlgﬁé cglfcﬁ‘tgggl ty 5‘?%@“22%&3 a outabéﬁ% 5%11}1%@?%9“?4’( /m:F0210]
82. The 48kt infugtiomrtiee mbenpaisiellicohwefis exthoel fiethér ®Qeplidarrthe Nirtdas, ﬂVDCK cells

rown.tg a density of at east about |x106 cel]s/m. [0211]
5 The BB bl e GRaD S P GBI RO Of L MR |

ar e sgr oyMeckQ. ﬁl & dmilRIBEALY 2 11?1’&?‘&(5?1?%& cahait cﬁﬂé@ﬂlgpﬂ%kﬂr?%{aﬁlre of 0212]

84. The cell culture composition o odi nent wher el cells
are gr owean 22°€aint 408G st seriefn abddemetts, aitﬁanhlﬁﬁmﬂ)ﬁ ®v1mal1ilsésr1tﬂle 5@1&2&6] 85 A

nmet hod f r CI n i nfl.yen ses | ul

i nf ect i At g*“fer% a? ﬁﬁuf‘?lﬁfgesééﬁeﬁloisd r%"nle 6‘: O’é%%'g‘??réﬁ aw th an
i nfl uerf_ZéaCYbﬂ@&,tth 35 WP Rk han BARC, GRlldss %htz.gb@ SRRt I00, m@%ffhan
conditions that permt replication of the influenza vi rus; and

10c. i sotBE: argessinpydha o lessien 263G mr ﬂ%\?ﬁ@él%"@ulu @m“elm@niymismems;ragte{ o
m or . addi ti ona
[ 03‘%4] lﬁﬁecf-ﬂ;'r? mgeSQIle (?Frrg%?e (I:T?%l%‘ed%ﬁ a tereﬁ(-}‘rgfﬁ}fe Ofr&ﬁggrll}rlte 0&1,{‘/ P?ﬂglegtt ep

um corrpon s are ad cell

(a). [Cbﬁ“ﬂaﬁ]nf&cho]ihl@e catlshedoofured adémpahiuibor IWRERA] I5°00NE s@ akf® of the
cell culture nediumis renpved and replaced with fresh nmediumprior to or

dur i ng SRRYITpE aftes fefoetisn thpcethvaraeileu 8t e ErmeTvrent S, Wherim st ep (a)
650886 &én?%)d@a}g%ndt@t%@%%@g Ett]]]% cte?f? 8] caﬁﬁfd%ﬁggo?%tggg]d)ﬂgso 2 % cf?n(%fC%g??%o di ment
85, whemweigd aif @pth¢ periuson gystanedr eptionally arthe batch process or fed batch process.
15 [0099] In such embodiments, the cells can, for example, be cultured after infection
with viruses (step (b)) such that the pH and pO, value are maintained as described above.
During the culturing of the cells prior to step (a) and/or virus replication according to step (b)
of the process, a substitution of the cell culture medium with freshly prepared medium,
medium concentrate or with defined constituents such as amino acids, vitamins, lipid
20 fractions, phosphates etc. for optimizing the antigen yield is also possible. The cells can
either be slowly diluted by further addition of medium or medium concentrate over several
days or can be incubated during further perfusion with medium or medium concentrate. The
perfusion rates can in this case in turn be regulated by means of the cell count, the content of
glucose, glutamine, lactate or lactate dehydrogenase in the medium or other parameters
25 known to the person skilled in the art. A combination of the perfusion system with a fed-
batch process is further possible.

[0100} In one embodiment of the process, the harvesting and isolation of the
produced viruses (step (c)) is carried out after a sufficient period to produce suitable yields of
virus, such as 2 to 10 days, or optionally 3 to 7 days, after infection. In one embodiment of

30 the process, the harvesting and isolation of the produced viruses (step (¢)) is carried out 2
days, or 3 days, or 4 days, or 5 days, or after 6 days, or 7 days, or 8 days, or 9 days, or 10
days, after infection.

[0101] Viruses which may be produced in the MDCK cells of the present invention

include but are not limited to, animal viruses, including families of Orthomyxoviridae,
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MO of between about 0.0001 to about 0.0003 FFU cell. [0218] 90. The net hod
of enbodi nent 85, wherein step (a) is carried out at an 20 MOL of between
about 0.001 to about 0.003 FFU cell. [0219] 91. The method of enbodi nent 85,
wherein the conditions of step (b) are selected fromthe group consisting

of: a. an agitat] ate of etmee ahout 5Q 50 rp pH of between
about  SUPBFOLEKAS o gsvmﬁl% T@éﬁ%@%‘ﬂ“@ﬁ@#e%?ﬂg]%%&swa%% to
about  FoR%iriand A(zieﬁoxﬁlﬁgf&%ePﬁBH{a@lrmcae DRNBRAIALAIPoROfdhe about 35C. [ 0220]
92. The nethod of enbodi nént 85, wherein the influenza virus replicates to a
| ogi 0o TCI DAOIA}. Sfystams fergwoduimpmilietza amuiasrin tall eulhwghaeRljotiecof at | east
about 7 2.2 net hod. of . enbodi er ei .he .i nfl uenza

T rus ASoRe e Hosp it (g e TR § P ok A eah 8 NSl or to

| ogbc RiFk#std: afd HRY, ﬂ}ﬁ@% 33D Bhckivedt Scnence (19923 218 dhe imLbatRfeLahpdi ment

85, wherein the influenza virus replicates to a logio TCI D50/ niL of at |east
about 774 Desigr ondPeoductiopy/ Erdines. eslfC@ten|8e§mfffab@mpp7141 151, Klup@p23] 95. The

met hod Of t S at.es | ogi c
Teosor s ST Ll B st B OB AR PR B abous
7.6. [a02R4kd i€ viret hodilo tlimithads MRy oBihe dﬂ’fﬁﬁﬂieﬁl rdlfed towdcu@pza virus

replicates to a Ioglo TCI D50/ L. of _at | east about 7.8 and/or to a | ogio
1- . 1- 4 Profuchen whoneees. 4196l pathggenic straisgy peffucgza e Yell Redicasrbeenbodi ment

85, wh at | east

ooa0y " g Ehited Meotdhid KARER el SRR AROLL 1R a6 T BTt (8" 11 0

met hod de$irabidddractenisti&s ¢. gV\AaEermaﬂom hemparbtucesenativity tisd cedphdagadtzs, to a | ogi o

TCI D50/ nl_ .of _at | east gtbout 8.2 and/or to a |l ogio FFU of at | east about
““311?‘?)5)2?10"%“% e o dev g CeR PRSI HEOVRS | uenza

V' rus le aﬁlﬁ%@@orﬁﬂeﬁdl@&il@ il ﬂﬁégﬁm-re(ﬁgmgtesthﬁ?ﬁﬁ:d al@tas 8- 4 and/or to a

| ogi o 1411/ | east about 8.4 00. The nethod of enbodi nent

85, wher ei 1003¢ ThE prssetanwentios prceypie;s@\é}f)ég cell hines which have been adapted to

15 grow in etther serum containing or serum-free medias and which are capable of supporting

the replication of viruses, including, but not limited to, influenza, when cultured. These cells
lines are suitable for the economical replication of viruses in cell culture for use as vaccine
material. The MDCK cells of the present invention are particularly useful for the production
of cold adapted, temperature sensitive (ca/ts) strains of influenza (e.g., the influenza strains

20  found in FluMist®) which do not grow well using other established cell lines. Further, the
MDCK cells of the present invention are useful for the production of strains of influenza
which may not grow in embryonated eggs such as avian influenza viruses which can also
cause disease in humans (e.g., a “pandemic” strain).

[0104] Influenza viruses which may be produced by the process of the invention in

25  the MDCK cells of the invention include but are not limited to, reassortant viruses that
incorporate selected hemagglutinin and/or neuraminidase antigens in the context of an
attenuated, temperature sensitive, cold adapted (ca/ts/atf) master strain. For example, viruses
can comprise the backbones (or one or more VRNA segment) of master strains that are one or
more of, e.g., temperature-sensitive (¢s5), cold-adapted (ca), or an attenuated (azt) (e.g.,

30  A/Ann Arbor/6/60, B/Ann Arbor/1/66, PR8, B/Leningrad/14/17/55, B/14/5/1,
B/USSR/60/69, B/Leningrad/179/86, B/Leningrad/14/55, B/England/2608/76 etc.). Methods
for the production of reassortant influenza vaccine strains in either eggs or cell lines are
known in the art and include, for example, Kilbourne, E.D. in Vaccines (2" Edition), ed.

Plotkin and Mortimer, WB Saunders Co. (1988) and those disclosed in PCT Application PCT
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10to a log io TCI D50/l of at |east about 8.6 and/or to a logio FFU nL of
at | east about 8.6. [0229] 101. The nethod of enbodi nent 85, wherein
the influenza virus replicates to a logio TCI D50/ nL of at |east about 8.8
and/or to a logio FFU/m_ of at |east about 8.8. [ 0230] 102. The net hod

of enbodi r]) i?. erein the influenza virus replicates to a logio
TCl D50/ ﬁi‘;te‘&f u&1°art’(9§§”ﬂosaW&|95/@6@)82é)r?dlﬂ6W0tQ§”/%91I48@} and i Bi3.Aatest Nas. [ east about

0 i obO3RHe 10 0, € Rl VPNESAMRYSe BB LEYERGAGST B0 SR B! Nod of

embodi ment '85." 023 miinogeni ¢ ¢o
pol ypep$ B%Sﬂgfﬁi 866 9P ndridife g0 57 and . 8f Pashodiphesionldlicatich Rar maceut i cal |y

. A nmunogeni ¢
commos: TG0 Iahy o Mosoosrsa Z%AO@@#@%,Zwﬁﬁb&ﬁsgé,@O@zézga%ﬁe
i AR "
P%ﬁrggenlsgg?od#gom tlﬁgﬁ@g?eze%g%jsﬁé?‘%nf?gb%m%? INs nOEhr?LP r%?% fogehift

conposi Vhigh may begireduged by dre rsoaiss of the inven{i@Rdthe MIXCK Acltebfiad idfention
nants.froma viral preparation corrprl sing: 25(a)

passi no e REe PROEP R ERHPER Srob el ehReeieom b BgpapHpe FEaha’ crmic

condi t i fon&xamkyRE, a8, Pdient PND1i AT NBNAFT47020 83994 d F W@Z@?ﬁ?” the affinity
chr onmat ogra{pth]medl a and the virus present In t e viral preparation are

ret ai ned In one embOdlme(lb)thﬁv\@élh arigproheraéd, iand the celis emahognhéply medi a

to DA ont ami, nant and . ( ut i n the virus present in the
virSy ng‘yg%gl?%tlonlﬁggsm fre"4F “‘i’b?’&rf‘w&lfﬁ%d{l% fa‘f?é’ﬂu‘)&fa*aan[lozsa] 108.
The net(hmﬂn]ﬂfcummfm@hpom oo @f 1ol 54 40, m!rsqagt QALY DK & di%) dgph lhyf i ne
Sulfate 09. The nethod of enbodi ment 107, wherein between

st eps (% f@%ﬂ%ﬁl Ffb?rgg%éﬁ Pilics crahebmaiseths énfetinyas aarriod oirisat [aasrse.d over
the af f(hﬁl'lt‘i;}hcﬁ LPRLA8h oI b1 to g olltol%ggl ofd %)ggh@@ﬁﬁtag Imé? Ogdl ment

108, wherein the non-specific endonuci’gase’ 5%
corrpr i sbsutEkonabeuti (3,I0X oBRbdut b ef() 800 lado@bbut-06ordf about (L §RBko bl The

wh I tion is an influenza
vir ggdp(gioga;@?qp&ﬁ Va prlo {aﬁﬁﬁ@]elgei T‘E‘épv' : %ﬁégrgﬁ?}%‘ﬁﬁ[@ﬂ}’aﬁﬁﬂffhiwﬁcuI&her ein
the i nfﬂrbt@ﬁzcﬂ“h\éh{a?@uﬁlﬁlﬁﬂﬁz%%} émhmeaﬁfo??ﬁ&f’%ﬁtﬁé’%% ki3 ge*rhs 10[ 0241]

113. The nethod of enbodi nent 112 e nanna an ce s are
cel | s c¥dviepof & prdtease oan Pesadiedeltiascording 1§ R4RYenlidd shdliﬁy beRkdod of

:ggﬁ?l gﬁ%llta%lggusl)%eorre grtltyh?ter e qulfteét?orlllsofl’tl & ((:jel s Wlﬁlt Huenza V?rzgesl )I(f tSeP buffer at

addition is carried out simultancously to the infection, the protease can either be added

20 directly to the cell culture to be infected or, for example, as a concentrate together with the
vitus inoculate. The protease is, in certain aspects of the invention, a serine protease, or a
cysteine protease, or an asparagine protease. In one embodiment, trypsinisused. Ina
specific embodiment, TPCK -treated trypsin is used. In another embodiment, the protease
from Streptomyces griseus described in U.S. Application No. 1 1/455,818 is used. The trypsin

25 can be from an animal source, or, more preferably, is from a recombinant source.

[0106] In one embodiment, trypsin is added to the cel culture up to a final
concentration of 1 to 5000 mU/ml, or 5 to 1000 mU/ml, or 100 to 500 mU/ml. In an
alternative embodiment, trypsin is added to the cell culture up to a final concentration of 1 to
200 pg/ml, or 5 to 50 pg/ml, or 5 to 30 pg/ml in the culture medium. During the further

30 culturing of the infected cells according to step (iii) of the process according to the invention,
frypsin reactivation can be carried out by fresh addition of trypsin in the case of the batch or
fed batch process or in the case of the perfusion system by continuous addition of a trypsin

solution or by intermittent addition.
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[0243] 115. The nethod of enbodi ment 107, wherein the virus present in the
viral 15preparation are eluted in Ix SP buffer containing about 1 M Nad at
about pH 7.2. 8. EXAMPLES [ 0244] The invention is now described with
reference to the foll ow ng exanples. These exanpl es are provided for the

purpose of il lustratiqn only and the entjon sh n no

construed &8% E ﬁ‘& fi ‘it’é’a %8”%%@%@"@!(%%@ %mregiﬂ‘%@ﬂ%ﬁ@ﬂf’ﬁg% const r ued
to 20emﬁﬁma@§)aﬁfmaauﬂupd Jnaylﬁ{w@&ﬁ%mhmm& RAGRIBmEM SefInt 88vidus” esul t of
theteachlngs provi ded herein 1. ldentification of a MDCK Cell

Li ne thad/osappcanﬂsew@tbe\ﬂqt@tedRépbcmn eohodimestsy tlumc(ﬂctmtx@ mﬁthgcwbdsa [ 0245]

This exa d i deptification el ecti a l'ine
Chat 250esgr{7 40 R0 ekt SHE bR AR AL A% B RS 60 iP5 ¢ e
MDCK cet bptidnaRy Weghe Grtich 6k €l BaichpbORSCH ShuMbet dhigshimast, fecelpdeum ( DVEM
medi a conprising 10% Fetal Bovi ne Serum (OFBS The process is outlined in

Fi gurecslmre@ auigpeisirg phES of taBCK, eepf 29 CM@&%@&’@@mf@womwtmﬂuwa Lot

180544 d t
2 T 58 i Ay PR e BPBR AL EO & RSl e BRich PRSI RERL ) o
|VEdI ummﬁdmmreghmgeamdn@ztémw laatd tdﬂ%ﬁr&dt&:ltlobeﬁhigﬁeﬁﬁélﬂﬁfbfdr_eBﬁm Def i ned) .

Cells (passage 55) were i.ncubat ed at 371Cwith 51% CO2 for 3 days. On day
3, the”tﬂé’le}l%a‘%@*rsésvﬁ‘é@s%gﬂ eﬁﬁnaeﬁmsr@%ﬁg( ﬂé§s%@@“§)@jﬂl°¢ﬁflee days after

se?@“ NGoo&6 és%vgfrﬁnm@ﬁﬁagemetc@ oh@@éfe‘c'mgis;gg%gpl 358 @gsgeelovfgsfs ach of

the passages in DVEMw th L-glu neandl
fl ask, 1stdwtqnnﬂﬁe<ﬂfnrehwmda3m&mf Ite:mqmrature sen$1e} ¢bldGabptsd WCe) inflatred tvm ce

with Dul becco' s B erfered Sal i.ne, wi t hout gC DPBS), and 1.5
(1 PSS GpIORRRA e BiEanTHy Y Hng Yt aAeBed Sndh aMEIdod 1 b he

cel I s. oB8qiaRhl, tK@J@:ﬂL@WultW?eﬁﬁﬂ@&%ﬂr%es@ltl’lﬁvﬁﬁ@&&QEéﬁ% 1ot do to 20
m nutes, at which tine 1. (for the T-75 flask) or 7. (for the T-225

f1 ask) oblesOMENVBRIG, lor pf @lsmthanﬁ&‘éc amaf ke9shpr34Ue far thfdpll@dwtmnn’ém/aal ize the

trypsi nt ed .usi a hema ter anount

e Bes Tt st L b G S GO g R RETRT M SRR T 214 050

flask G&nh@pﬂ@kiﬂglthﬁlﬁﬂue@fzaM\BWrmhsL gl utam ne and 10% 10PBS, and

i ncubat ed as above for 3 dq{y Cells from4 T-225 flasks were (&g}ﬁpsi ni zed,
gh

pool ed, antV98} uihe switwmgi o ghagednefcniatiction wib inlursga suses Svon (i) isBove.

The cel q,g;a The cell suspension was centrifuged
and thedrgg IGSOW%}%S %é%‘geﬁgn e gﬁh 10 M of DVMEMw th L-glutam ne and

10% FBS. Tlfﬂ]stw}s UEpertsémaodimsntad tird jprdcagahaharvestinglandisoBoh bédei ng medi um
th L- Iut am ne and 15% v/ v_ di rreqt yl 15su] f oxi de) was added,

FBS
2 ePT@D&@A@ Hizay! Fﬁ§r(§}ﬁ%ﬁlu§) 15 gHEeq O 2fifa a sulfy Hgtﬁ%?%l%? REOEPBSEEL of 20

cr yovi ghigabieT1€1d6 8F {isusBicd £5PA880 dals, 88 167 'dHys“'@ft&%H%cﬂ&?%ﬁfse&&@t ai ners,
and then transferred fo storage i n” vapor phasé of liquid nitrogen. The

f r ozentypedally remmdémthetduéumdlmel insvhich m&@&@g@llsha‘aﬂimbeargmwmf erred to
her ei n.as. Pre- MCB | ot

1 was t HB\R%%&G Fﬁ%@'ﬁ} 1§t L%ljfieﬂﬁpaswa? nﬁ%@@&&ﬁ*é@ﬁ% Vﬁﬂﬁgﬂ %O%f DVEM

and 1004cBR3s irfedldeTilirass aﬂ@fﬁ%tmwemogmufeﬁtb@ﬂu@tsuﬁzt@aﬁﬁ khitiofoag2 for 3
On day 3 the cells were passaged to 2 x T225 fl asks (passage 59).

aﬁé g iugptien: @ﬁ@amﬁgle erafle medimpeirpagaiiged culdurgs szarrlmt:sber ¢lmﬂi@d Passage
T L T e
For eabhgopartidatpassiages:.) berdMoMOWndlB0 minutes. Alternatively, the medlum is
filtered through a 0.8 um celiulose acetate filter to remove intact cells and other large
particulate matter. Optionally, the clarified medium supernatant is then centrifuged to pellet
30  the influenza viruses, e.g., at 15,000 x g, for approximately 3-5 hours. Following
resuspension of the virus pellet in an approprniate buffer, such as STE (0.01 M Tris-HCI; 0.15
M NaC(l; 0.0001 M EDTA) or phosphate buffered saline (PBS) at pH 7.4, the virus may be

concentrated by density gradient centrifugation on sucrose (60%-12%) or potassium tartrate
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25L-glutam ne and 10% PBS in a T75 or T225 flask, the procedure was as

fol | ows. [0249] Cells were washed two tinmes with Dul becco's Phosphate
Buf fered Saline without Ca++ and Mgand 3 m (for T75) or 7.5 m (for T225)
of trypsin 0.25% was added to the cells. The cell nonol ayer was incubated
and a”&%ﬁ @2 [rgj ease for 15 to 20 mnutes, at which tinme 3 m (for T75)
or 7.5 WU iGR) Thiter coplinuouger stapEnadients, ¢.2.gR stciergradiont detver0 U2 KBS dnas
added tgye Iy 4 AN g t hen. counted .i.n a.

ooyt arera ARt SRR ThE gt e ML ARATR SR G i fimper
was tr andfigentdar the vauFa2s céiicastate and aivisitlg baQDforrecof erPVBMeWatibe k- #lqut ani ne
and 10% PBS, . and iﬂcubat ed .%s aPov_e for 3.days. Cells from24 of 25 T225
f1 asks %%F}?SWSE&QF F SUGMeRdd 3R Icalqns, JEMs it clepatedilipmdengitp afadiontsaising was
added. dhshateddiri i r; I , . cel | I 1 et

N TR 50 b T I P R Rk H8T, AR AWRRESRF G o RE
suspensesPikidl thisagh doumersdationofrieftensdviriscs frotn KssiOFulned ke/prbviged, b.g.

j 5. | | i ined with 20.5 m of 10% FBS
Ve b e il re Gk o LR R4 R 3 a7 Rl ol b A BN
L- gl ut aWineSeabgbbk BéNgmhMEL SR §6-ER)s Iy@wq@?d:ohial 805k ef%t:a}ﬂl %327

cells/n cell su;gensi on, the cells were mxed thoroughly, an
al i quot(&d)- ppd bndehtatss Pagot Veypo?hP¥ . ITHesined] the revovered viyaes cat be 86re@ i n

Nalgene, . f er, contai ners, and then transferred to stora inliquid

ni tirg)ogeartl._gﬁﬁjégft ?eoérg%eng%?{%St?@ﬁ?e&%ﬁgéﬂSlfcl’i‘égemq@éq“g@taﬂat%@@ge gl. These
vial s were [geriigna in QriMEREK, m | S: ited wth

Vhe ATOn enERUIOaEtein i by RisSoMhEproBlss e Hipis 1RR W SERORALL ?’6251]

Next , ootkervimin-sptcifihenddbOleRee-(MEBnhldt, ti: BRassae® teddmenbsccuhanad iang

inoculgated jnto a T75 fl ask contajning 35 n DVEM and 10% FBS. S
(passaggr%)ﬁ ng,@}d:ls?lﬁt&%%tﬁggpadu niip¢rasigizesy nsithes eghpdimenys ofale 3 t he

[ S %%, ! 3 A o3
cel | & WRORDISRANR el AN SR RARAS O AL AAdh ] Fena

passages to a new 175 were p € to a T225

fldsk (dRageagen Bicjude but are h6PRkedNRX Hired: lewcfitraSonEriar)t Mdasidakhzshsand cl oned
by a dil.ution ticular, the cells were seeded at 0.5 cells per

thod., | n_par . > .
100 gL “HuFh ey | St 1h|e%ﬁ1’vgfstg§ qngl-igolatign of the produesd ipuesandires oned
nedi a) .(stEhEi)p ecluddant areglot | ' ' cope and
20wel | s(s\/\ﬂ?(l:)a count ai ?l?ad gngm?gdli Iﬁ)’\\/’s{e gﬁ?éégﬁgfi@?gﬁ(,gn {Tﬁ%&,ﬂfﬁ@ | at es returned
t o i ncubemeatogiaplerasivelbassonnscibags drpmatogrqphanadionkydocheatied t o assess

cell gr d .angt her .100.glL. fresh.grow h nedi um was added to each well.
Thr ee cfgigsantgé}%?lfy' gnc%%fl 8?‘3%5’&?‘&?%@&%3%@@86%@ 118 H@% RSFQorssyd will
perbor redinddwooives ke af §eiN i M bitahataAREHD FAEGH hrypsini zed
and passaged to 2?se?s of 124 wel | _i)l at esﬁigjf thewg%%ﬁé%%ﬁ%%gg%ﬁ uence.

I cel ¥kl Wik spylar separasion poersitesnfor gesmele nuesouwe flmityehexnatbgrapHy esh
rowthnqg%ﬁ' : expanded. sequent i.al | 24 wel |
9 o5 &H‘gla\ffilgl%% T l%o%e?nﬂ%ﬁo% I‘]O rca %f 2? ]I'n_g'g olgﬁﬁu%s %B(é 51;95

pl ateT asks or we ates -> of 54

cl ones preias skl egiceificambotipuht | Cel kL e Sulfa@@{@ﬂ&so@ﬁg} hEZRY riddifist her
loning in 10% FBS DVEM with 7.5% DMSO and stored in

assage .4 or.5 post
i qui 3%?%%@@%’3&% Cgﬁ)aw%mhymfa Aeethggmimrine. BlgSoestd GEsldtadthextefisom a
3026 COERUBH 0l CHRANMGART [POIBERRAR! Bl 88 lERELLRR0 above.

Tabl e 1.List o@f 54 of Ser ones h freezing or one ID done
| D Benzonase™ at the same time as an affinity chromatography process. In certain embodiments,

membrane chromatography is used in the process. In one embodiment, ion exchange
chromatography is used in the process. In a specific embodiment, cation exchange
chromatography is used in the process. In certain embodiments, cation exchange

30  chromatography is performed at high pH. In a specific embodiment, anion exchange
chromatography is used in the process. In certain embodiments, anion exchange
chromatography is performed at low pH. Anion membranes useful for ion exchange

chromatography include, but are not limited to, anion membrane adsorbers (e.g., Sartobind®
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Cone ID Cone ID ConeID ConeID1 10 19 28 37 46 2 11 20 29

Q15, D15) and cation membrane adsorbers (e.g., Sartobind® $15 and C15). Other steps are
p

exemplified in the Examples section below.

6.6  Vaccine Compositions and Methods of Use
[0111] The invention further relates to viruses (e.g., influenza) which are obtainable
5 by aprocess of the invention. These viruses can be formulated by known methods to provide
a vaccine for administration to humans or animals. The viruses can be present as intact virus
particles (e.g., live attenuated viruses) or as inactive/disintegrated virus (e.g., treated with
detergents of formaldehyde). Optionally, a defined viral component (e.g., protein) may be
1solated from the viruses by methods know to the person skilled in the art, and used in the
10 preparation of a vaccine. Methods for the generation and formulation of
inactive/disintegrated virus particles for vaccine compositions are well known in the art and
have been utilized for over 40 years.
[0112] The formulation of intact virus particles (e.g., live attenuated viruses) may
include additional steps including, but not limited to, a buffer exchange by filtration into a
15 final formulation followed by a sterilization step. Buffers useful for such a formulation may
contain 200 mM sucrose and a phosphate or histidine buffer of pH 7.0-7.2 with the addition
of other amino acid excipients such as arginine. In certain embodiments, stabilization protein
hydrolysates such as collagen or gelatin {(e.g., porcine, piscine, avian gelatin) are added. In
some embodiments, the final viral solutions/vaccines of the invention can comprise live
20 wviruses that are stable in liquid form for a period of time sufficient to allow storage “in the
field” (e.g., on sale and commercialization when refrigerated at 2-8°C, 4°C, 5°C, etc.)
throughout an influenza vaccination season (e.g., typically from about September through
March in the northern hemisphere). Thus, the virus/vaccine compositions are desired to
retain their potency or to lose their potency at an acceptable rate over the storage period. In
25  other embodiments, such solutions/vaccines are stable in liquid form at from about 2°C to
about 8°C, e.g., refrigerator temperature. For example, methods and compositions for
formulating a refrigerator stable attenuated influenza vaccine are described in PCT Patent
Publication No. W0O/2006/041819, also see PCT Publication WO/2005/014862.
{0113] Thus, in certain embodiments, the invention provides a refrigerator stable
30 vaccine formulation comprising one or more of the following (within 10% variation of one
or more component) in the final formulations: 1-5% arginine; 1- 4% gelatin; 5-10% sucrose
(optionally 1n a phosphate buffer); 0.01-0.1% glutamic acid (monosodium, monohydrate); 10-
150 mM potassium phosphate and 80-150 mM histidine.
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[0114] In one specific embodiment, the vaccine formulation comprises one or more of
the following (within 10% variation of one or more component):; 1-2% arginine; 2% gelatin;
7-10% sucrose (optionally in a phosphate buffer); and 100 mM histidine. In another specific
embodiment, the vaccine formulation comprises one or more of the following (within 10%
variation of one or more component):; 1-2% arginine; 1% gelatin; and 7-10% sucrose in a
phosphate buffer.

[0115} In certain other embodiments, the invention provides a refrigerator stable
vaccine formulation comprising one or more of the following in the final formulations:
sucrose: 6-8% weight/volume (w/v); arginine monohydrochloride 1-2% w/v; glutamic acid,
monosodium monohydrate 0.05-0.1% w/v; gelatin hydrolysate, porcine Type A (or other
sources such as piscine or avian) 0.5-2% w/v; potassium phosphate dibasic 1-2%; and
potassium phosphate monobasic 0.25-1% w/v.

[0116] In one specific embodiment, the vaccine formulation comprises one or more of .
the following: sucrose: 6.84% weight/volume (w/v); arginine monohydrochloride 1.21% w/v;
ghutamic acid, monosodium monohydrate 0.094 w/v; gelatin hydrolysate, porcine Type A {or
other sources) 1% w/v; potassium phosphate dibasic 1.13%; and potassium phosphate
monobasic 0.48% w/v. In another specific embodiment, the vaccine formulation comprises
all of the following: sucrose: 6.84% weight/volume {(w/v); arginine monohydrochloride
1.21% w/v; glutamic acid, monosodium monohydrate 0.094% w/v; gelatin hydrolysate,
porcine Type A (or other sources) 1% w/v; potassium phosphate dibasic 1.13%; and
potassium phosphate monobasic 0.48% w/v.

[0117] In another specific embodiment, the vaccine formulation comprises all of the
following (within 10% variation of one or more component): sucrose: 6.84% weight/volume
(w/v); arginine monohydrochloride 1.21% w/v; glutamic acid, monosodium monohydrate
0.094% wi/v; gelatin hydrolysate, porcine Type A (or other sources) 1% w/v; potassium
phosphate dibasic 1.13%; and potassium phosphate monobasic 0.48% w/v. In another
specific embodiment, the vaccine formulation comprises all of the following (within 10%
variation of one or more component): sucrose: 6.84% weight/volume (w/v); arginine
monohydrochloride 1.21% w/v; gelatin hydrolysate, porcine Type A (or other sources) 1%
w/v. In such embodiments, formulations are in buffer {e.g., a potassium phosphate buffer (pH
7.0-7.2)). in another specific embodiment, vaccine formulations comprise all of the
following (within 20% variation of one or more component): sucrose: 6.84% weight/volume

(w/v); arginine monohydrochloride 1.21% w/v; glutamic acid, monosodium monohydrate
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0.094% wi/v; gelatin hydrolysate, porcine Type A (or other sources) 1% w/v; potassium
phosphate dibasic 1.13%; and potassium phosphate monobasic 0.48% w/v.

[0118} In yet another specific embodiment, the vaccine formulation comprises all of
the following (within 30% variation of one or more component): sucrose: 6.84%
weight/volume (w/v); arginine monohydrochloride 1.21% w/v; glutamic acid, monosodium
monohydrate 0.094% w/v; gelatin hydrolysate, porcine Type A (or other sources) 1% w/v;
potassium phosphate dibasic 1.13%; and potassium phosphate monobasic 0.48% w/v. In still
another specific embodiment, the vaccine formulation comprises all of the following (within
40% variation of one or more component): sucrose: 6.84% weight/volume (w/v); arginine
monohydrochloride 1.21% w/v; glutamic acid, monosodium monohydrate 0.094% w/v;
gelatin hydrolysate, porcine Type A (or other sources) 1% w/v; potassium phosphate dibasic
1.13%; and potassium phosphate monobasic ¢.48% w/v.

[0119] In another specific embodiment, the vaccine formulation comprises all of the
following (within 1% variation of one or more component): sucrose: 6.84% weight/volume
(w/v); arginine monohydrochloride 1.21% w/v; glutamic acid, monosodium monohydrate
0.094% w/v; gelatin hydrolysate, porcine Type A (or other sources) 1% w/v; potassium
phosphate dibasic 1.13%; and potassium phosphate monobasic 0.48% w/v. In another
specific embodiment, the vaccine formulation comprises all of the following (within 3%
variation of one or more component): sucrose: 6.84% weight/volume (w/v); arginine
monohydrochloride 1.21% w/v; glutamic acid, monosodium monohydrate 0.094% w/v;
gelatin hydrolysate, porcine Type A (or other sources) 1% w/v; potassium phosphate dibasic
1.13%; and potassium phosphate monobasic 0.48% w/v. In a specific embodiment, the
vaccine formulation may contain, e.g., potassium phosphate (e.g., at least 50 mM, or at least
100 mM, or at least 200 mM, or at least 250 mM) as a buffer or alternatively, histidine (e.g.,
at least 50 mM, or at least 100 mM, or at least 200 mM, or at least 250 mM).

[0120] Optionally, spray drying, a rapid drying process whereby the formulation
liquid feed is spray atomized into fine droplets under a stream of dry heated gas, may be
utilized to extend storage time of a vaccine formulation. The evaporation of the fine droplets
results in dry powders composed of the dissolved solutes (see, e.g., US Patent Publication
No. 2004/0042972).

[0121] Generally, virus or viral components can be administered prophylactically in
an appropriate carrier or excipient to stimulate an immune response specific for one or more
strains of virus. Typically, the carrier or excipient is a pharmaceutically acceptable carrier or

excipient, such as sterile water, aqueous saline solution, aqueous buffered saline solutions,
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43 52 8 17 26 35 44 53 9 18 27 36 45 54 Initial
screening of virus product vity of clones was perforned using one of the
sets of 24 well plates produced above. To do so, the cells, cultured for 3
days in DMEMwith 4 mM glutam ne, were infected with influenza strain A/ New
Cal edoni a reassortant at an i L

aqueous dextrose solutions, aqueous glycerol solutions, ethanol or combinations thereof. The

preparation of such solutions insuring sterility, pH, isotonicity, and stability is effected

according to protocols established in the art. Generzlly, a carrier or excipient is selected to

minimize allergic and other undesirable effects, and to suit the particular route of

5  administration, e.g., subcutaneous, intramuscular, intranasal, etc.

[0122] Optionally, the formulation for prophylactic administration of the viruses, or
components thereof, also contains one or more adjuvants for enhancing the immune response
to the influenza antigens. Suitable adjuvants include: saponin, mineral gels such as
aluminum hydroxide, surface active substances such as lysolecithin, pluronic polyols,

10 polyanions, peptides, oil or hydrocarbon emulsions, Bacille Calmette-Guerin (BCG),
Corynebacterium parvim, and the synthetic adjuvants QS-21 and MF59.

[0123] Generally, vaccine formulations are administered in a quantity sufficient to
stimulate an immune response specific for one or more strains of influenza virus. Preferably,
administration of the viruses elicits a protective immune response. Dosages and methods for

15  eliciting a protective immune response against one or more viral strain are known to those of
skill in the art. For example, inactivated influenza viruses are provided in the range of about
1-1000 HIDs, (human infectious dose), i.e., about 10° -10° pfu (plaque forming units) per
dose administered. Alternatively, about 10-50 ug, e.g., about 15 ug HA is administered
without an adjuvant, with smaller doses being administered with an adjuvant. Typically, the

20 dose will be adjusted within this range based on, e.g., age, physical condition, body weight,
sex, diet, time of administration, and other clinical factors. The prophylactic vaccine
formulation is systemically administered, e.g., by subcutaneous or intramuscular injection
using a needle and syringe, or a needleless injection device. Alternatively, the vaccine
formulation is administered intranasally, either by drops, large particle aerosol (greater than

25  about 10 microns), or spray into the upper respiratory tract. While any of the above routes of
delivery results in a protective systemic immune response, intranasal administration confers
the added benefit of eliciting mucosal immunity at the site of entry of the influenza virus. For
intranasal administration, attenuated live virus vaccines are often preferred, e.g., an
attenuated, cold adapted and/or temperature sensitive recombinant or reassortant influenza

30 virus. While stimulation of a protective immune response with a single dose is preferred,
additional dosages can be administered, by the same or different route, to achieve the desired

prophylactic effect. These methods can be adapted for any virus including but not limited to,
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5 MO of 0.001. 500 mJ nl TPCK trypsin was added once at tinme of infection.
Virus titer was determ ned using the sem automated TCID 50 assay (n =12

per sanple) as described in Exanple 5, below. The virus titer obtained from
each clone varied from7.0 to 8.5, with a distribution as shown in Table 2.

Tabl tribut f Vi Tit 4 in,.
cont ai ARG TR kaisek PR s rch BEORHL S RERL PG TER s (¢ ot al
of 54) hﬁm@n feRipndurfoBr ad@ &aﬁﬁﬁwﬁza@zrhﬁﬁio@lrﬁses and flaQgdRkeBased on the virus

productivity data, six clones were selected for further anal ysis: clones 1,
5, 36, 39, 40, apRg.pSinfihGz&aNVaRgs were expanded in T-flasks and a set T25
(8 flasks per cloné) were used for infection with A/ New Cal edoni a, A/ Panama
and Bai | i nl[024} e3¢ orethods spragesstsmnd composiEonsieBVERitariyl natraed whas t he

post i nf t|on er virus strain sks. wer.e

har ves PEECRIAR R AP SintadptrREhe" It eTin el Adtuno fFhBIEr o

anal yzeofledpedteilCpre Sonfi@nih§ 8 ss@hdntedinsTalseehdEGHIPA passiay aldmldnger flask,
n=24 per virus strain) of Exanple 5. Results fromthese experinments are

pr esentigppragiFenyglape jineghy é@%ﬁ@tﬁtlhainﬂuﬁ@zaclﬁ @ndinflucazadB 38usafseedh are t he
hi gh t he hi ghest
e R el S TSR SR T e s

producers inr |ng

sel ect eﬁbofdeg elbudrl fraypeptibes. SengniBnd3 actapt direopolysepsides) maidr&e;prmRNAm
10256] gddl tional rounds of screeni n% erfor nmed as descrl bed above, nore
t hat 16%?11 P AEA R EIE RS e SRERCHLO CrERgS the PRlyMSTase RBPIRT gIPteinddi2s The A/ New

Cal €dO RifiniFi KoM i@ Dro@hs PRISRA ONE NSRBI RWhchli 230l biderk g produce

high titers ana and I'n reassortan none pro hrore virus
than cropectivelyAdo edditing| s;zgmﬂurieofcsbntehm&m:nzh enass arsdsda mwﬂlqdofem PBUrt her
st udy dn t.a reI t hesge clon resent ed .her 257]
Next , ??ﬁggace?rﬁmaﬂ t%ﬂ%a@g Gt SR RO oG P08, 5 fk[E one,
total IRRISABRIHEM utlﬁiﬁgﬁqk)@,Made A8 ih IR dan EAP aﬁdcﬁ%npmt@ml ng 35
m of Dul becco's dified Eagle's di umi Ham F12 with L-gl utam ne

( DMEMD Rui20g @ﬁ@tmwﬁg@em@eﬂnpcsdemheenuc&mmcbmcmopw@nwmhp@%@meitbc 3 days.

O, 927 o B bR, PSRBT ASIALIERS Sty RSB bR 0"

After Uha;emmayﬁ@prdtaﬁ segﬂlau(mcadﬁ% TN pROtI RS Ué’dxglﬁiﬂecﬁlﬂd 2Bl b- cl oned
by 10dilution as fol [0258] The cells were seeded at 0.5 cells

per 10813, which aféﬁrawéaﬂpd frﬁnn@ffﬁregaal%émhcw BROYAY. 15egmenh8 prroges NBégnd t o
condi t aned, sﬁ')]ctuljgf' stz é\gﬁ’%ﬁ aég fhhSatbPhbRSAenta %vcslkgﬁﬁcelﬁ%lklﬁne Pal

total pasSage) were VI nder the m croscope a I's were mar ked
t hat combaitned one cell per well. The cells were allowed to grow for 7 days

and the pl ?(}l%g] W%Elg eight genome segments of influenza B encode 11 proteins. The three
largest genes code for components of the RNA polymerase, PB1, PB2 and PA. Segment 4
encodes the HA protein. Segment 5 encodes NP. Segment 6 encodes the NA protein and the
NB protein. Both proteins, NB and NA, are translated from overlapping reading frames of a
25  biscistronic mRNA. Segment 7 of influenza B also encodes two proteins: M1 and M2. The
smallest segment encodes two products, NS1 which is translated from the full length RNA,
and NS2 which is translated from a spliced mRNA variant.
[0126] Reassortant viruses are produced to incorporate selected hemagglutinin and
neuraminidase antigens in the context of an approved master strain also called a master donor
30 virus (MDV). FluMist® makes use of approved cold adapted, attenuated, temperature
sensitive MDYV strains {(e.g., A/AnnArbor/6/60 and B/Ann Arbor/1/66).
[0127] A number of methods are useful for the generation of reassortant viruses

mcluding egg-based methods and more recently cell culture methods See, e.g., PCT
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15 checked to see if the marked wells contained growing cells. The cells
were fed with 100 p.1 , fresh growh nediumat this tine point, and then a
conpl ete nmedi um exchange (200 [rL per well) was performed 3 days later. Two
weeks after initial cell seeding, single cell clones were trypsinized and

assaged to a 96 well plate if they reached > 50% confluence. Cells |ess
P oo Bt Ganoont D PLOWD /05 b aa Los Baem Nesdb od, 5%t 6 9aTR ¢ 0

' : [.C %, conf r.e
expandeq Soaantyf udl ALAPARIMUCIATER IS 1123 SIS T o ot
of 63 scintdnopietsd viet hefMDEENcdls, midihand prisdgef thedfivedtish Beaisthiefdegl nni ng of

hi f b ' in 10% PBS DVEM F12 wth 7.5% DMSO and stored in
i i o WPRPGIBRY VbB8eR VEiset QKB ATSiebif. 161 BHB4heRamaRseiosst up | n

3 1 50 ek (LateR Sy und WALEELPN LA B e
grgFﬁtS ani gfgl,ese fhi &/ ensrtion 546t BAmtABorHGS, BREs It ﬁsefadhﬁg:ou&hﬂ@ﬁ&l\ﬁhl tﬁit(Zj \LH h 4
' h t-jnf ' di a, d viruses wer arveste ays
post 1 P EMPCRa uPEEhd DSl ShindTeraia Bh e e P dmaRam vi r us
titer waslugeheimbdeHcHIiMted st FRaRY, I?&'ifirfég%l@:rdrlﬁﬁge bﬂh@%@m%iﬁ%‘h bel ow.

AJPanane virus titer 30 produced by each subclone varied from7.0 to 8.5,
with a Riicsppeutdnaeraiyeshesiiv, rolttabimed attbalagnd. Relistortents ndiystergehertiedn of

v 18] LSO SR RhERGS. et BB AR T LT
7. 0- 7. Splashdid 2dsche {deRsi§udsh@er, 8.¢QPCY Publications WO 03/091401 and WO 05/062820;
US Patent Nos. 6,544,785, 6,649,372, 6,951,754, 6,887,699, 6,001,634, 5,854,037,
5,824,536, 5,840,520, 5,820,871, 5,786,199, and 5,166,057; U.S. Patent Application
Publication Nos. 20060019350, 20050158342, 20050037487, 20050266026, 20050186563,
15 20050221489, 20050032043, 20040142003, 20030035814, and 20020164770; and Neumann
et al. (1999) Generation of influenza A virus entirely from cloned cJDNAs. Proc Natl Acad Sci
USA 96:9345-9350; Fodor et al. (1999) Rescue of influenza A virus from recombinant DNA.
J. Virol 73:9679-9682; Hoffmann er al. (2000) A DNA transfection system for generation of
influenza A virus from eight plasmids Proc Natl Acad Sci USA 97:6108-6113; WO 01/83794;

20 Hoffmann and Webster (2000), Unidirectional RNA polymerase I-polymerase Il transcription
system for the generation of influenza A virus from eight plasmids, 81:2843-2847; and
Hoffmann ef al. (2002), Rescue of influenza B viruses from 8 plasmids, 99(17): 11411-11416.

[0128] Accordingly, the invention in another aspect provides an MDCK cell of the
invention that comprises one or more genomic segments of an influenza virus. In certain

25  embodiments, the cell comprises all eight genomic segments of an influenza virus. In certain
embodiments, the eight genomic segments are each from the same influenza virus. In certain
embodiments, the eight genomic segments are from one, two, or more different influenza
viruses. In certain embodiments, the eight genomic segments comprise two segments
encoding HA and NA, respectively, from any influenza strain known to one skilled in the art

30 without limitation and the remaining genomic segments are from a cold-adapted, and/or
temperature, sensitive, and/or attenuated influenza virus. In certain embodiments, the cell
comprises any influenza genomic segment described in any of the publications described

above.
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subcl one 1-C (P6/P86) produced virus titer of 7.6 login FFU M, while
subcl one 1-D 5produced a virus titer of 7.8 login FFU m . 8.2Exanple 2:
Adapt ati on of an MDCK Cell Clones to Gowh in Serum Free Medi a [ 0261]
Thi s exanpl e descri bes adaptati on of MDCK Cl ones 1, 55, 56, 57, and 58 and
Subcl ones 1-A 1-B (P5/P85ﬁ, 1-Cand 1-Dto growh in MediV 105 serumfree
media. 10 O ones 56, 57, and 58% 1 MDCK cel | s (ATCC

Al i . -34 . h, i di .ai ni i
manner of mf20T 8- ¢ nac HedBroBun Core i MO cof 9izaue seell Gl ned [ n-
Figure céﬁposﬁ@&@&ﬂmﬂﬂs}h@t a plﬁ%gig)’ bthe MDERC PG rEHE RS 1ioMRE] ANE aleRikdd, 0zen at

passage 5 since subclone, P85 in total) was thawed and inoculated into a
T75 f| seld-asleptedi teinpera@®e sensidifve ihBnzdreosdd ¢ bkl ¢ jogarithagdfehe mddhum /  Ham

F12. ( DVEM F1 ith.L-gl utam ne,. 10%f et al i FB fined),
and | nbacagig s ek EoREFsRY fodis Thafinif St o P i "o
passaged iégrithnd SRBudrestlt OEFSSAGDer MABHer 61%@%6'@1?{1/{?&) WP sdene. D cel | s

were adapted in serumfree nmedium MediV 1 or 5 passages. [0263] At
passages i t0I8Hi ¥ 105 The MPEK\sH of embedimeat | .arheasin dksMOH K aplks support 20

addi ti . f . n r e stability
in I\/bd?%llf%%%s@rtﬁ rS%Z%?é i 6411g &@W@ggéﬁ %géeas é’éﬁ%r}@?}é{ foe% IO&% ng
after @rpasbagesicadl abdiA2. 105 serum free medi um [0264] In addition,
serbjm MDCK cl ones 1, 5%,@ 56, 57, and_ 58 and subclones 1-A 1- B (P5/P85),
andl C wer e [8ddpt éd t o TRENRCE s o eribpdimeat heurisin tiy MICK 6plls SHPBPt of each

25seru : 58.7a P - P5/ P85) ,
and C o rﬂeé &Etk%n;dvf\gg@?lrfllg] 8“%5%@@? ?%&" ggﬂ%sé’{?“rﬁ ﬁfg’ﬂ@%@ﬁ@% §'f(])m@3°f:g)s§ F12
medi umFabdnL né ablatedbait 737C with 5% CO2 for 3 days. The cells were

trypsini ze eedeq, i new .T225 fl as t 5 x 10 Il s/ml seedin
HeneT i 2 o] 3°5C Tnt BhAGR «af b A PRaiment  slierdin dos MO sorld fpai
serum ?cgﬂ‘fbé?tiidﬂ STAhOMPNERaNBAK Wk log,, TCIDL/AA088 at Tkt ARED7 BlankiRe PARBG0ES N

DVEM F12 with L-glutam ne and 10% FBS in a T75 or T225 flask, the procedure
wass as FFbVinbwe at Ieadt labowidre washed two times with Dul becco's Phosphate

oL ST, Ty RIS SR WIS i |
nonol ay&ilicwesh Hithe fiated vand tah |WETCII, /el 688 ecdsPibolib7 8AnoR W £Bbg, At Whi ch

time 3._m_ (for T75) or 7.5 m (for T225 flask) of 10% FBS DVEM F12 with
L- gl ut el wist lsadebowtd - heutral i ze the TrypLE activity. The cells were

t hen count dex : - . j late 5 x
104 col o S0Py Goae TRENDER Bl or BAlodent T RIESGTRY oL &BRES: 21 0y
sufdi cirephicatimadifahd mflnensagituber ¥ WgyBCHD,/BH. of at(da£6§.0and/d0% alog(;T225) of 10%
FBS O wi.th L-g|lutam ne, and i ncubated as above for 3 or 4 days.

[ 026%%@3@?% Oé&@ﬁa%%{’?lﬁg&

|l ones in T75 flasks (3 passages in serum nmedi um

after thaw {HQB} was adgRt REDER celbPWnBodithNEd WhelR (REMIRE O pPbkm Cel | 's

fromthe T75 flasks were. passaged for 3 passages in T/75 flasks containing
35 m ofplivedinoef1sinlagnzaherud dua tdg pESE2geL ofvs et 8.2 andoetopalmgaged to a

T225 W??’fgf?p?% ie%%goq]f%g’sm Medi V 105. Cells 15fromthe T225 fl ask were

seeded ks based on cell count for the fifth passage. On

days3 or diP()’l%] pgst S?ﬁ@M@CK%QB@%mEpdiﬁfént ﬁ,ﬂﬂhe’i;&n tl@éﬂﬁ@l@@él(&%ﬁp&t A 1-B,
1-C, and 1-D were frozen as an accessi on bank. C ones 55 and 58 were each

passagé&higpiicaddites BAlaEnze was iha b e lneltleasbd fl oror fve loglol s wer e

banked 7 of the passages in MediV 105 serumfree nedia in a
T75 or F‘?@%E%Fﬁgét%ﬁﬁg‘{” ocedure was as follows, for the first passage to

Medi V 105, [@1@ent omedi The MIOOKdER of éabbdiaskt WiwkeréeigkhsMBICH asisagppatt af t er
vial thawi ng was renoved, the cells were washed with DPBS, 3 ml of TrypLE

was add@dcatmptitheindlurnzg vigs &0 ¢ eub B Edo/ A doatlenikd 6 epd/peiochogio
30 FFU/mL of at least about 8.6.

[0138] 10.  The MDCK cell of embodiment 1, wherein the MDCK cells support

replication of the influenza virus to a logjo TCIDsy/mL of at least 8.8 and/or to a logje

FFU/mL of at least about §.8.

48




for 15-20 mnutes. Then 3 mM of lima bean trypsin inhibitor solution
(Worthington) were added to neutralize the TrypLE, and the cells were
counted by Cedex cell counter. The 25 ampunt of cells necessary to
inoculate 5 x 104 cells per m of nedia was transferred to a T75 fl ask

cont ai ni ng ﬁg gi \% NEdLV 105. All flasks were incubated at 37C with 5% CO2
for 3- 4 dayd3 i chTh¢ MDGIG et f ergbegimentyly avhresm theDICKatdlly sdmtosiched as
descri bggy; 2 (3 5 or, T225) of TrypLE,
then 2. E&%@Qﬁ’ﬁ?f %%‘g?ﬁ%%é’ﬁ%f &’(?5%’9”1342%5"/ %;; ‘?Ifia%eag‘eda@naé‘{/?fpt&a O%iRhi bi t or

sol ut i oRFUézld of &t lsasopboit ELE activity, and cell suspensions 30were
transferred flasks wt sh. serum free medium Al |l seedi ngs were

cal cul at ed [O(t)lgplno | at ﬁ%&ﬁ@gﬁg&gﬁ@gﬁ{%‘?’eﬁ‘ﬁh&fheI?BHIhﬁ.MP@MI FOVS tthe

bankj ngs@fimapeim&digne/ subcl one the procedure was as follows: Cells fromthe
mul tiple flasks were trypsinized, pooled, and trypsin neutralizing solution
was added. [fHéllceld.s wEheMINdh cell slbanridmentun tvereinthe sciebd Seav@bdia is an
centriw%g r%{%gn esusgended in saved spent nmediumto nake 1 x 107

cel | s/ ni el POSTLSEREEER. Next, 2X freezing medi um (MediV 105 with 15% v/ v

di met hyl sujoilaxj des. anthemRTUali M%Mi@&nﬁpmbrem%mcgac%qug(g{ér ot he
I rﬁ size

cells were m xed thoroughly, and 1 m aliquots were placed into

cryovi al s. [Pédle 14.al sT (de s¢lhpiamelebdimersy, WbOKimahe MBCKeHanks- The
cel{s Waigrdf0zen Sat -60 Cin Nalgene freezer containers, and then
transferrecf to storage in liquid nitrogen. Figure 5 is a flow chart of the
entire sel ef@iidin Bnd aDERPVAIGIO telpsEsRihett 1C1aBRinktha MDEKRE!190 gl - B.

[0269] Along with banking, a T75 flask of each serum free-adapted cl one was
set up tIJHIO“g@IIF' grow h stability in serumfree nmediumand virus infectivity
study. Int t , C SH& t 10 rr. M of nedia
and passageﬂgg‘é@eﬁﬂ3 oirarlelzf§I aysx\% er sggﬂ?lﬁgl.’& rgﬁletgeg@gﬁcf%g‘fsg‘fnérted

dyi ng atncegxtih passage in Medi V 105. [ 0270] Each of the other clones

and subcl o re conti o be cultured in MediV 105, At Passage 9 or

10,01155 T75 P@Z@%ﬁ For w&%%ﬁla@e&ﬂ?&m%lfB’Pe"ﬁr‘rth§M[PI@é@teIlémderfPﬁé cl ones
ver e i nfir@f e IBCKcel8aS S@mtigiel By AmdNNe Wy, Gk ehaai | Q& Yl aysi a
15 and ANi et nam at NOT 0. 001,  u%ing DVEM E12 &B?I@ﬁiﬁﬁd&qﬁ am)%"fﬁjé% mU/
TPCK t rYp<i@L3s the post infection media. Viruses were harvested at 3 and 4

d t i ti t.abil i i,t h. 10 hate buffer.
Vit ot er DT et el B, R etodighad. SHEER B RMBCR SR ffeasip o 4.
The r esfibhan MDCHesH liex pesntifedmbs AT AcaRtios NOWDT ASEMVEST ARD] tea Subcl ones

of @I onqeﬁ% p odu(gsg]d nmore virus than the other tested MDCK cel'l’ clones.
20A4Pcortl QI'%,TAS Ct ones 1-A, 1-B, and 1-C were sel ected for further
experi nment asgess I i j 0] I this experinent
are shown Zgiﬁ]ga@é Zﬁ%sM?%ok.\j\%&rbrf eﬁ}bglxgg}é%ﬁf}’ ‘g%%g?léﬁe éﬁ%@%gﬁ%é‘q’ 1-A 1-B,
and 1- Gdentifiediby @l €S gentssminlNo. PITH-T209 grram-onhar act eri stics. [0271] In
addi tion, ones 1-A 1- and 1-C were retested for virus infectivity
at 25 pasjgg‘gdllgﬁ- 9 QAhﬁ\éDEI(a%f{L@ffembOéwt suwksreiRdhesilacnasrars édani t h

i nf | uengauatizk Usgmsunder the sane conditions as at passage 9, described

i mredi ately above, in duplicate (2 T75 flasks per clone per virus strain.
Regdl ts frdMI%i $2expdiieMdhCKared qicodeninett Aswikrgurnke Bfludszastiowis 4on Fi gur e
3, eacqnﬁ en%ggvsﬁuubcl ones supported gromh of the tested viruses to
relatively gh tfter, and none of the different subclones supported the
hi ghest ti t{8rs19f 28ach THeMBAKVdelWT chibbaintnt B2 lhEnRRblN vidiQ1a588gS the
effects of the MediV 105 nediumon virus growmh, virus infectivity was
assessédanted Vidfocl ones 1-A, 1-B, and 1-Cin both MediV 105 and Opti ProTM

di a ; il - t din OptiProTM nedi I ,
described drh. Mapur iy VRERT el o bR Sttt i s Ry

exper i nenparatareesepsigsentgd as Figure 4. As shown in Figure 4, no
significant djfference in virus productivity was observed between the two
medi a. 8. 3@5&%%- 3: Tes A KssH obemvpdirneat ] | wigregwtle influvizdivirud 85 nand MLSM
[0273] hbhsiXaR! € describes the results of an experinent to assess the
relative 5 growth of MDCK cells in MediV 105 and M 8M nedi a. The

formul ati of@l5# BBdi VThOSREH dvil@WkabedidRac!,ivaegeih thdixAn@i-e vids isagl ow.

attenuated, cold adapted, and temperature sensitive virus.

49



[0274] In these. experinents, | vial of serumfree-adapted subclone I-A was
thawed and inoculated into a T-75 flask containing either MediV 105 or M
8M respectively. The T- 75 flasks were then placed in a 37C i ncubator
supplied with 5% CO2 and the cells were 10 allowed to grow under these

condi tions 3.,Lo 4_da I rowh ra nd viability were nonitored
the end of [‘?ﬁ?bb&%’i on@?ﬁ‘?(}&‘iehi"?ieﬁﬁ%@lﬁ?n@‘i’ CTpif S PHUCRPADEI | no ks
foll OV\@QmEMse@,%QBf Rdrd §esOfBént@ba %f&&%bﬁ@n@ hmu&e@@ﬂ@éola%h%t&i)unt er

or over the next 88 hours by Cedex or Nucl eoCounters. [0275] Results
from t Ftieazperisment are presented as Figure 6. As shown in Figure 6,

15subcl one (|} + ab pl i,cate.in bo di.V.105-and M. 8M However,
col | s decr BN BN U7 4B MRGREGLSPERinRl e, Wil BoBE e nlot 1 1ty i

MedsV t6@phissiwing oflmosd ?&nb%@érﬁerﬁ@@ﬁfhﬂﬁ&ma|sﬂai@d@ﬂﬂn%boﬁ/6¥60.doub| ing tines of
the MDCK cells were calculated and are presented as Fiqure 7. Figure 7

i ndi cat es {HX7]t BB dodbe MIgCKi Gl cbemppdirneat | wheipialtohallpenxawd@is 39 hours in

Medi V i X Le.4. Conparison of NMDCK Cel |
G owt h%gﬁpg&g éggﬁﬁgkﬁs érngcsggr%\ﬂetsr @M&f%gﬁﬂi@6aaml e describes the results
of experi mpts8] dési gnadmtihodsergsslifehing ticWMDCK clDoKargalfltise pracddli@: nedi a

using different mcrocarriers. In particular rowth of MDCK cells was
conpar éaleganePHéo mceﬁéewwé ﬁgleewga%t% X 10" Gpilgad in 8 SUB $ys{58} eomprisifig

cyygpo rirﬁa_cgla(i%a Ide l:lgmﬁ'@ﬁﬁ')iﬁl_lzng@%g 2]?37 Uk Eg?oféﬂp%fitﬁ@rte?%l&w&gn ubcl one

| -A was I nocufated into a ask contai ni'n t, g/ L
cyt odext 4 seedinpaltesity®f keywazpabeut’> 167 tocappopbbd 02 cellsésbend ivalring thasclizadded t o
each flask. The. densit(% of u ttag%ﬁd NDO( cglls was determ ned at 30 and
60 mi nUf &S THOURITEES L TR CHLIE AOTHIST SelegiaH drogr AErARGonMNiHE fure 8, the
MDCK cel I's attached quh elhaich@aedtBetoch BSodish k&1 §MpniTi Crocan-iers, and
ultimately 30attached beiter to the cytopore mcrocarriers than the cytodex

mcrocarriers. b [0278]ofihetwetaiabpeih.0 thaboweT 55 were grown for

approximately 5 days iyn 8, in th sence_ pof different, mcrocarriers
(B o Mcrocarr g o wib Nkl e B BEIRE e 205 S baBupP et he -t ot
cell density detedm nederigdrhtyrddf Hetwydaiabb@ad3rO o fgduk aved by Cedex
counting. Results fromthis experinent are presented as Figure 9. As shown
in Figure $0150he3dyt odés methodad grbodinaeny @) wiesieig tagcdl cudiard medinmiis f es

rel ati g, L Oqd &¥topore microcarriers. Further, cytodex 3 yielded a
greater cgﬁr %@%s?{ty than cytodex 1. 8.5Exanple 5. Replication of Influenza

Viruses i n[NBEK G2l | s Th 0Tl of cithotlinasik 30 welieein eleded adtutexchOdiumas s/ mL (35
rrngf DVEM + 109%BS + 4 nM gl utam ne) and grown in an incubator maintained
at

7CARRE BRIGRACE Gicdi¥ays. Cells in one of these T-flasks were

trypsi ni zegomgt] N 381 Y P nfelibdl AREhLBAINLE d0 USh8inthEcell MRAREhEBFHE! uSi on
nmet hod. The remaining T-flasks were then infected as follows. The growth

medi a Wesli%si0P sapdemoiftéd sl sheiobs ondsRadr Madeé-147t h 10 nL DPBS (no
Ca2vVMy2+) r..f1 ask. The .anouynt .of.. vir to i.nfect .each T-flask at the
dosiroa mulllesl; 3y, SRSRRARE Bt of. hert M R ERSD e o Peris
deterniamjjgesio@&futtlb@qﬁﬂ_uati on below. Total Cells per flask * MJ  Anpunt
of virus(m), 10" (log TCID50 1 nL) MJ being defined as the virus

pafdicl es b@&beﬁﬁ- ad&é@qe@mqf errthedinesyt 9 .cuhaaeip die DOfis betvgsn akmit 8AEn added

to 35 gl .Qfu P 1 nfection
[0164] 36. The method of embodiment 30, wherein the temperature is between
about 36°C and about 38°C.
[0165] 37. The method of embodiment 30, wherein a microcarrier is used for
30  culturing an adherent MDCK cell.
[0166] 38.  The method of embodiment 37, wherein the microcarrier concentration
is between about | to about 4 g/L.
[0167] 39. A cell culture composition produced by the method of any one of

embodiments 30to embodiment 38.
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15 mediumin each T-flask. (DMEM + 4 nM gl utam ne + 500 mJ/ nmL TPCK
trypsin). The T-flasks were then incubated at 33C, 5% CO2 and sanpl es taken
each day for 6 days. One tenth volunme of sanple volune of 10X SP was added
to each sanple as a stabilizer and the sanples were stored at <-70C prior
to testi ngelfaé ig{qecti Vi t@é %3281] The concentration of virus present in
each sanpl 08 & er m el culiEe cormpRsitan eomprising MEDK sellsend aloeli calture

i nfecti (o} : s i ious- W rions., Briefly,
VDK ool s B e R ot b aan o AP eb e SO ol B 401 o e
and a slegiodlClBsdmLiofrtleast abauttTs0 amd/drtendag,y FFUSmEafpt Rasaboadaed. The

sanples in ce]l assa late were typjcally diluted to final

di | utions o@?%% 0 %‘fce I?EKII%ICP?PPI’IU%PEJ?HI odpmgntly wherem e MRCKed

Vi 1185 - diehlWuRGre%d i 1i8a 5 SRS 1P &l | Yo L As g duent
25and sgr ved §s @F%tlggg%ﬁr@%’%%ﬂ%ﬁ?@ or naltn@blrg%%ﬁ‘g@a\&?%o%goa?gﬁps& n g“(tn:Z)
for eaclhass abmit & 2dindinritoa lgges FipUale of Rdedst elatit 32. of virus in the MDCK cel s

resulted i | deat h..and, cytopat hi c .ef fect 2E). ]t also rel eased
progeny vi 38@4 i%t_o t CSHICEII[W% “sperHat Sﬁ?mé‘%@eﬁ_r@gé’ §reln e dMPEKect ed

ot her aglilcaltucepapbiifign sippotthtititih FMEe MBS Aaiviis 't@a?c’}{?o ﬁﬂ%@' f at
destruction of the nonolayer. Infection of nonol ayer celTs ast e ?or a
peri od lefst ahopt ddyamdir tep lags FHUM of 2t l@spatemy7donment . The pl ates were then
renmpved fr e j,ncubat.or ia-.n the wel.ls discarded 00 gl of
NEWEBSS +qwlﬁo rif-?’és s gﬁei g Céfr%ﬁ%ﬁ 258 %18 ?ﬁgoaogewdéﬁnﬁlﬂta@i’ Wgerffm tne RASCR

peni ci |dellmiiBire epinpoyitiomsuppbES reptisatigidedhd @ flaac Wik ko a THh&, PHIIEEIVGT £
|ncubat1ed for ;?-4 rs at 37C 5% CO2 and the nunber of wells show ng CPE was
det er milFASHARRP Vi0SRE{0T the [gen T ™+ of #ideasbbont 76r med in each wel |

(yel I ow or gppeysiqgni fi | -S04 L i gnifyi E). The
nunber of a/el I é show r;lgl% é@@%gﬁﬁﬁﬁ%@%ﬁq a lgolﬁ\}xrgéﬁ&?égﬂ TS%IC@?%@? % e the
titer (dkbgilbwTChDpeYind) sippsasiraphicdtivn dalidiafuemndividus al 4 R, OFCIThgmResdt 5
Muench et hod . 6Exanpl e 6:_Fl ugrescent Focus Assay for Viral Gowh
[0352] ! O&IEVI%SM%Fgﬁﬁ’&&ﬂﬁ#ﬁ"ﬁﬁoé\%ﬁ@sbﬂr@é‘kiﬁl ates over 4 days in

DVEM EBSS+ [h¥3)005€S S ebeical] calfirB @oRpb&Sortofe ' 'Pm@ p. Each
wel | was tI%en 3:]lnf ected vvict hct he ’sg.r ?al I(iln(()ji IH?JE%\ged %ﬁt?g wggﬁ%ﬁtes e(l.i%. , calts
i nf | uers2l cBhye cainpesition {BPeIsTEPKoNY3EBic0nlagmta Birka enkghi VTCIBE/AR) Jf aand

i ncubat roxi mat el hrs at 33 .1 ikn a CO2 environnent. The

Vi rus ilﬁag%%?%é‘hggﬁg%éﬁ%@@@ﬂa aatil??ﬁm@%%'gi ned as follows to determ ne
the virus {017 db. t hahsaepkesure IHRPHBREIHGN GEYIRNhE Y, Whérks Mesmhegoved
frg@ each plate and the plates washed once with 200gl/well w th DPBS (no
Ca2¥/ MyS4FURYF comBesitRn Fuprers wRli¢aiionmd thy inflasnza girug i) allogn TGIDsY mLovfrmal i n i n
PBS f ofealbabbar & 104 T w ce with 200g1/well of DPBS
(no CaZi/ @2+§gr?ol fhg\fvteoda E@l@r@%ﬁ%{%i@ IE%P%%I s with primary anti body
speci fic f@9178]t Hdr ATatrell nsltwe c@nposidinnst. entBodimdt 48] Wwhabihni thoBIEsK wer e
diluted Iﬁ)o L%he desired dilution_.in O. % % saponin, 1% BSA in PBS. After

i ncubat™ P67 CARPRRART S“PH%“WPWV“Q flIeBBﬂ‘}e%é’er%M]@&O TdPsgmbentat washed
thri ce 1t 4boBt 4.3 THBER @Q(%IOIF#'@%L MI&aE‘I%WEIM were incubated with

fl uorescent d_,ée conj ugat ed 20secondary anti body (e.g., rabbit anti sheep

| aBel ed wi 1#76i Té$. pr dpaceliculire hemplestionesf editlodtrham 40 nwlerdithtbalPidTr, 1% BSA

in PBS. After washing twi ce as descri hed .apove and bl ot drying wt aper
towel s Phe it FER o sthe s CEfiten af e aire WU 0 Paed IR L g o
f 1 uor esqerubeuns.6 LAG6PREMA BBH FAEMILIGe kalRibgut@ken daily using SPOT program

8. 7TExanpl e 7: Assays for Testing MDCK Cells 25f or Karyol ogy,
Tunori geni ¢4%%] 4Rd Adbesel evlbuscoxgeasition of embod @3] 4ThivisereranpMO@escr i bes

repres i Sui for. t i ng,MDCK cel]s for I ,
e it S S S S S SN A TR,
Te30i nipasHdpO2BE hndot Bfd e MPOmEI I8 Ich@rabbest 8 ng are grown in T-225

fl asks, maintained and subcul tured as_described above. Wen the cells are
t hought to[‘ﬁgsb ethoughhaFelbeylareeampositioneof satbodinegns 4hawhesein dlee HCkri t ot i ¢
anal ysj . . i I 1.d (0.,02 or. 150
it osa a8 SRR R bATR P RANER oMk e i o R SR BRI m L R

cent ri faagedbobidh.0 Bndonwetadsg g IFFRDNLYGIGt leditebswped.nat ant i s aspirated of f and
the cells resuspended in prewarnmed hypotonic solution and incubated at 37C
for 10 mnutes. The swollen cells are pelleted by centrifugation and then
fixed by incubation in Carnoy's solution (3:1 nethanol:glacial acetic acid)
at° roomtenperature for 40 mnutes. The cells are again 5centrifuged and
washed at least twice with Canoy's fiXative. After the |ast centrifugation,
the cells are resuspended in 1 to 3 ml of fresh fixative to produce an

opal escent cell



suspension. Drops of the final cell suspension are placed on clean slides
and air dried. [0285] Cells are stained by addition of Wight's stain
solution in phosphate buffer to the slides and incubating for 7-10 m nutes.
The slides are then washed with tap water after 7- 1010 m nutes and then

air dried. The cells e anned wi th.low power,. objectives (10X) to find
cells in tlﬁ%lhlmat Sh)hasgagfagf@ﬂﬁ‘fm ﬁcépi’os&fc\?icét}%ﬂﬁg}%ﬂ# ﬁ@‘@‘ﬁrﬁ‘ of cells
i n et apiRas GoRpesiARPANE8dt MrAprcRh@ihIROYR], oi | immersion I ens (100X). About
100 cells in netaphase are anal yzed for cytogenic abnornmalities and

chr onosone [E@8ht 52Aboite tdDonltet temposgiomadendedingent 0.evimreie thotajipl oi d
frequen and mtotic index ercent, of cell.s under .gojng mtosis).

155, 7 BRa B o MEForb e Bre P Red BpRGFEIPRL and Four Nedi a
Stesility [0181] 0386] Baetal hatkatdmpRntbnfHREibBHRdE 40 8Fhcr8alRe fBlIne whet her
there is any inhibitory effects to the growmh of control organisns (e.g.,

Baci | | geltwaisempestiorcenyaireas ardsoadimnticespessed praieispor ogenes, St aphyl ococcus

Bt 1y, tRARLonte, oot e Efe CREHlon iR BRR AR iR HegiB L fican.

casei negihrgesd byadiewdtione bothe MIDO&scedf, THI O (fluid thioglycol |l ate medium,
two tubes of SAB (Sabourand Dextrose_ Agar) and one tube of PYG (peptone
yeast extrd¥8Pl Each dBneslbruldrgetmrasitond embsdeesst 43 ivhegein daesproiear 15100 cf u

of ;e oNLL 9l Rl ! i I ! rl & type.
ol 1 aiteisel AR e \ros B My ipd 1 oY BRR MMM RS
Candi da al pi18dhs 56n TIBe asitcodti: (ahpdicdaE carbdd BnB5T)whetkiagha | di um
sporogenes.in TH O and,PYG,. Pseudonbnas aerugi nosa, Staphyl ococcus aureus

and Asbeé’Pﬁ’ibmaE} Y‘ﬁf‘g_ﬁseiiﬁmfﬂp@‘é‘ﬁ FbPT HBEBIN- The negative control is sterile
PBS. The nms@gase. | ngybatiechifiRl cRnposHnDrapboRcked &wreigrag%é; sQfne

organi sns. [0237] To test whether a test culture neets steri
requi r efbatDEES ¢ahledrd adhei8Rt. 26, 30EP and 21CFR610.12, the test culture is

i nogul at ed t ub of,, T soybean- casein di di.um, t ubes of
TH?% (f1ui &d lt%ﬁ} %?'ycoﬁﬁ%f@ ﬂggﬁr{ﬁﬁ ,p‘“‘tsﬁ}oéleo lped: %‘?%ﬁvﬁ%ﬁﬂgﬁﬁ%ﬁ?mxt rose
Agar) & dravediicddies of PYG (peptone yeast extract). The nedia are incubated
at appropriate tenperatures (SAB slants are incubated at two tenperatures)

and al | tub¥$7bb32r vedhooel cituracemagosygion o ¢mbiodimanh d0.twhssein ehlse) semen
third/ BPH{thﬁ‘D@k{éllEE{Lr?ﬁ%Yadhe?e‘ﬁVemh or eight day and fourteenth day of
artic

testing. S\ny tes e 1 nocul ated tubes which appear turbid are pl ated
out and gr fm88t abhs aflke pdl fudturechrapositiva gileatbedingended,eviersia thdDygriam st ai n

ty of the orga is%) contained in the test sanple. Negative controls are
stg(?i I Eeliﬁlé’é‘? n%‘?‘?&?.re copl asma/ Mycopl asmast asi s Assay 5[ 0288] The cells are

expanded apggop! byr edTh@c%flt ElIBSKSorfRfbsRI0Rl ANBHIRARAY 80, Wikklin kSRS at

concentration of 5x105 cells/nL are prepared and frozen at -70C. The test
arti cl eclissir¢ hemturegigedicf or ability to inhibit growth of

iltvcopl as t ni copl anna ral e and,Mcopl asma, hyor hi nj ither in
agar brot hf@ggfegg‘gndﬁ.g? c%e%ﬁ@qugmn f@%‘ﬂﬁgt ‘?@rewgﬁfé}n t?%@ﬂz(t:ﬁon
assay, céliReurd 8sivedritdn R NIPCKesdiBthattfBTed TR AeiQh TYnE Riukatt dQiRRoRgar
plates or broth bottles. The test article is spiked with

My2opl &8haphdgaespioadNa@LMcopl asma orale to achieve a dilution of 10 to

100 cfu/O0. (for t r.test) and. 10 .t0,100 ¢ 10 nml (f sem
broth assa@l.%k ég‘rti gﬁe ggﬂf‘l#élr? %(}s'?pogg%llog “ °ﬁ‘6¥e“£g¢’lé’é ?’elﬂ(t%eceﬁ%il)t lid
brot h beistdrederatred fionoanMIDEX coil tihe IdniificeBE ATOIC Apidsgen (. Poatdses) or

unspi ked (2 bottles%g. One bottle each of spiked/ unspiked is incubated
ei t her PA8roMieBIfy0308 o5 Rdérdt3cal |y at 15appropriate tenperatures. 10 type

A agar pl aj@grpngs 10 TYPEeIPARA cRhRsiRnWrenodenths bitddifl the MDCK
30  cells are identified by ATCC Accession No. PTA-7909 or PTA-7910.
[0193] 65. The cell culture composition of embodiment 40, wherein the influenza
virus is an influenza A virus.
[0194] 066. The cell culture composition of embodiment 40, wherein the influenza

virus 1s an influenza B virus.
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each spi ked sanple or unspi ked sanple. Half the type A agar plates and type
B agar plates are incubated either aerobically or anaerobically at
appropriate tenperatures. Uninocul ated nycopl asna sem -solid broth serves
as the uninocul ated negative control. Al broth bottles are observed for 21
days. Each &rﬁé‘h %ottle (with exception of uninoculated negative control)
20i s subcul d Oh da¥le eliculines compesition vf pabediggar 4% vdicesin the imfjyrnz8 agar

pl ates (i} PhabRSdeRENvirds. 2 ML/ plate) and incubated under the sane
conditions as the g%pr opriate bottle. They are exam ned once a day for 21

days. [0290[01f6r 6he -ehinacetlenivERGmpekition of tmbeliasses(, whbeit estinfiidak€! e i s
tested $ i ked oF untsgi ked. The test article is spiked wth M orale and M
hyor hi n' 18 3" ' TYACEN TSt i on of 2510-100 cfu /0.2 nL. The spiked test

artiscl es, umspykesh.t esthagdi c%lt@l%coﬁ}%%gittibf{ Bf &H%cfiﬁegt ﬂ,‘%@%ﬂﬁ%\fﬁl& pjrols

are each inoculated onto T-75 flas of VERO ce ul tures. ter 375 days
of i ncuBBSiCOMPTIsEseONC @l npre penn segmbntf bés kengreeatsicrsapdiivea atermag ohid ogldn. Two
tenths of t%ﬁ?nf'ﬂe ogl‘vicel | lysate fromeach flask is inoculated into each of
wel | of alstx welt: pf'Ste containing VERO cells. In addition, positive and

negative coot9g)l s7tar e Twosllcated doftesiabRbeRhbaLReNed h3Qaf t#m%ii d}@ﬁid
pl ates containing VERO cells. After 3-5 days, the cells are fixed and

st ai ned{MStHMPRECSING @F AT HEECHTLHyRs ahuflevedastreimoAfiom jobegéitbe of

nycepl asna. . Tu i |Gl Ly .-.n Nu ce: 2911 Evagl uation of
tunlgr for mao?%g?rl |47n1 nude e(%g;& Hﬁflleé:fj #@%lgo%‘)g&éﬂd&d}%@tﬁgf %’8‘8{65’3*?8} Y5het

Bri ef | yiralomprisaswnbondioeelgéntise et byBi anmAfpr/(Aoweeks ol d) are each
injected s Bgﬁlhan]%guslﬁ@vvi I h 02 nL (1x107 cells /mce) of either positive
cont r ol (Hj elt%s), Hegatlivkure sampetitiprabapbrsimen s whewinghe MRCKPBS) )  or
the t esdll§ el Rt MPGK, &%Eﬂmﬂ@@&@@'a%&z%%uﬁﬁg%gn%@%%ﬁgﬁfPt‘ile | nj ection

and all mce are injected using a gauge nee e sa 8ay. Al
ani mal sndvanzalgey.ved every working day and the injection site is pal pated

tw,ce a we r J.esi devel opment far. a period of eighty four days. Each
Iein%on is ﬁéé‘i‘ﬁ@& and' & SHTHE CEMRP IR IeaRodigeRy 40sWhsTendbe MIMeKyi si bl e

i ncr easglls fo BbtZBriprisé hercbi@Sk 8Agogkfc VABXI mum of 6 months. Ani mal s that
appear noribund will be euthani zed. These 10aninals and all m ce surviving

to the end (8202 Fdnt h Bissel valtironopeeiideh aff enlraitméftid0edhanth thecelbpsi ed. The

i njecti i : SC | ar._ | h.nodes and gross | esions are anal yzed
by hi st"ggﬁé‘?ﬁ%’ﬁ%%}@gﬁga‘?r%t‘}%’gg‘gsf@%ﬁeﬁ@fa ES&PY?O@ﬂaSP]aAssays [ 0292]

Q her exenpb203) AGR antheqell aiilhird 0ipsdes bf GnidRFhent4or whMainl iabL&) Vi r al
agg ts 15are conducted, as shown in Table 4, below Table 4. Additi onal
Te

i NGV CERRPEYCN dog TRERRpIiE dgtecablclasteTiand For nul ation of Vaccine
Material [QRaR) Yse ofrid cbh otite S6AhARN B GRGHLLb, JRGEAGLOGY Sim !ar
culture composition does not comprise a detectable virus other than an influenza virus.
[0205] 77. The cell culture composition of embodiment 40 wherein the detectable
virus is a virus that infects canine or human cells.
25 [0206] 78. The cell culture composition of embodiment 40, wherein the MDCK
cells do not comprise a latent virus.
10207] 79. The cell culture composition of embodiment 40, wherein the MDCK
cells do not comprise a retrovirus.
[0208] 80. The cell culture composition of embodiment 40, wherein the MDCK
30 cells are grown to a cell density of at least about 1x10° cells/ml. :
[0269] &1, The cell culture composition of embodiment 40, wherein the MDCK
cells are grown to a cell density of at least about 5x10° cells/ml.
[0210] R82. The cell culture composition of embodiment 40, wherein the MDCK

cells are grown to a cell density of at least about 1x10° cells/mi.

53



production of the currently licensed Polio vaccine, can be applied to the
production of 20 influenza in MDCK cells, as discussed in Exanple 4, above.
Spheri cal beads nade of dextran support excellent growh of MDCK cells and
in 2 to 10L bioreactors. Parental MDCK cells grown in MediV 105 or

ti ProTM I refou to be capabl e of .grow ng.o t ode
?‘ioc rocarri lrgh gedeﬁg? £ %}F%‘*lmﬁ?(i%p(ﬁﬁfﬂneqf%ﬁg’% dippent %Ob‘g]?‘?%nﬁ'g?jgﬁq{ bot h
spi nnekelfy 26 kfowang atehelyl oF JNRYMG DG G 1QMellsAnP> 2. 5x106 cel I/nL in
bi oreactors up to 10L scale. 5[0294] These MDCK cells (or simlar

non- adher e 21RbCR4 cel T8y celf eultues eaapdssiongr sanbetlinamt 40, whereiniee MiICKienza
stral n?el}so rghﬂ)wtbtaecr ll'd@nﬁaso%ﬁy[E}agtra%gutp{xqﬁe eﬁls%d conpared to the
producti V|aty obtarned using Sérum grown celI's™in T-flasks. For clinical
mangif act ur (02g3] | BS] uenza@ctibd &s prédRinpdtflechzh Firdtdshkn edl bdnaé, cbhigrig@sgl or 150
L scale, while commercial_ scale production utilizes bioreactors up to about
2,500 L. Figure 20 outtegies thellfuduescomposition! gy obembariments 084 |
culture scale up to cgp %@1&(:11959 tion levels. The working cell bank is
first expanded sequentially Tfroma T1-75 flask to T-225 flasks to 1 liter
spi nner flasks tb. a 2thchibdtmg thhesll Slfird cdmeposhionrmdet @nditiohi dat perenif | nal |y

expanded to a 2500 liter. bioreactor. Wien the optimal cell density is
obt ai ned the culture feé’hFﬁBE’tﬂfgﬂee’&ﬂ\‘ﬁﬁzﬁ‘i“ﬁ‘é’ a4ccine strain. The virus is

them bul k harvested ffsgrs}ﬁhg%fﬁf&ﬁmiﬁus%y%mﬁésem culX&8Rhfositondet ai | s the

15i npl enent ati on of single use bioreactors (SUBs) for the production of

hi gh titer [6214A] RBomt eThamethaldiod kmipaginat 85 .edhdran ftchie medoduet additicmil vacci ne

materi al ... 0295] . Th ri.fication process for cell .culture based
"ot 1 ue Redpa i gre SR S S D e BHPT B sk OB §EBLYed | nf 1 uenza
vacci nes (p2as) e89. , PednRulldidFakivedintat 85/ W48 20808 Rek Hahend
Application PCI/US05/ 035614 filed October 4, 2005). The purification of
20vi r akuluge sledanristrempaddsanidrreplaess wish frash inpdinodeioamy ooduralg stapf(2).he

f ol l ow ng SgES, nati-on, clariftication rifugatio
Fethet RiZ1sE gg'dso?g‘??‘%ﬁ“"gr?f%%‘rbf’g‘m b 3 SRR BT SRR i o1 £ ow
filtraMudiplictere hitcgoaen] ofllctwamenbii §.0QHI to Abow riDoes FEUARNY, and
sterilizatigon filtration. Qther. purification steps nmay al so _be included.
For exanpl 821} ud? nedhamethodnfl chbedioeat By vhires s (91 is Gamsdevediencan first
be clagidy (ﬁq)eWee‘ﬁ%'%ﬁt‘J.ng%ﬂoﬁt{)’ﬂ(@Sq:‘FU/ggf.000' 2000 x g for a time
sufficient to renove ce ebris and other lTarge particulate matter, e.g.,
bet ween 10[@®18] 300.m nThesmethtidtod emdbinveny 85, tvierene dieprin) is chirlet ented ahhr ough a

0.8, u | ul ose aceta ilter e intact cells and other |arge
pa?Qi gM:@lt BP &t gb%bﬁghﬂ fRput {)ﬁgg %Fg%ei“i ed medi um supernatant is then
centrif ugephztlggpgk .Ihet ThOBictHolil HeAHBA I8 S SwhBeifl the @&ndkondBPst¥p &) afOr

appr oxi mat el ours. Follow ng resuspension of the virus pellet in an
30 appsdpatedairemispd gwopp censddiing®{'STE (0. 01 M Tris-HCL; 0.15 M NaCl; 0.0001 M

EDTA) or phosphate buffer.ed salin PBS) _.at 7 the virus may be
concentrated by densi ?‘g/a%faglai‘é?%? 0?%%{{”,‘3?% ?Jté)élttgg{ﬁo 6@?&&0% (60% 129% or
potassiumtartrabe (50YHWAbetvidchhBoutGOMid 4HeQLE.50r Step gradients, e.g., a
sucrose gradi ent between 12% and 60% in four 12% steps, are suitable. The

gradi ents are cehtri f tigervestoxysspEed) betvger ahoua 38 Yorip abawiflPP%; et for t he
viruses to conceptrat gtén'ﬂ[%?atﬁrevcjf%ieWe%nlﬁﬁm 3f0q5 o Al ternatively, and
for nost |large scale conmercral applications, virus is elutriated from
density grgent 82.usi fige mectodalf cododimdufs wigkrein tiopaflasnzagime repdivdtenuous

node. 5[ 0296 feature ich may be included in the rification of viral
vaccin [ é’]rjiﬂ(ﬁl%o/”éjl}?frﬂtlfglﬁtl @OP‘S%/-P ﬁ%d/bg@ %IPgBéJIW% (alFJ jel,as":sﬁ%ﬁB%z-g-peci :‘/: c
endonucl eaﬁmlFaEM It Hﬁtkﬂﬁ%@%ﬁﬁodi\[m‘ﬂ 85 NIteif @d Mhﬁénz%??@iiﬁlg% apose

an oncogeni c risk based on studies eval uating oncogenicity o r DNA,
Be®x onaselog)o TCER/mEndf anbrabtchbeir T.2ahd/yr @l 4 lognpdttd)/ahyofpotastabalit DE.

hypot heti ¢ S I n_one purification cess,. foll gqw ng Benzonase(r)
treatnent, flae] e eFﬁ%Fleﬂ@daf am%Pﬂwngégm%w 99 1BRREIR TR FONCTBFF)

whi ch i d io%ﬁbl BOIDGIRVS R M%st BBUTHBland/BE R 108RTFRYhALIGEdad dbBui N bul k

mat eri al . e filtered bulk is then concentrated by tangential flow
filtration[0@2BF) 9pri ofhe methedtohembpdimient 8 atwlmmeis tlapiaflugnraiviius adpliostesret hods
i ncl udi ng, af fini hr t ogr.a as, well as ion-exchange chro ogr aphy
and/ or %@H’l@X@@?&&F@eOf\%ﬁn?e@ﬁ%bﬂﬁ 66\qu/R%{? %@EW F&EV"%I% %F?@P“@ét ens are
useful for cell culture based influenza 15 vaccine production. The highly
purified viral material obtained by the process developed is then utilized
in the production of vaccine material>* For exanple, for use in a live

attenuat ed vaccine production (e.g., FluMstO the viral material may be
subjected to a buffer exchange by filtration into a final formulation




stabilization, protein hydrolysates such as gelatin (e.g., porcine, avian,
pi sci ne gelatin) may al so be added. ldeally the vaccine material is

formul ated to be stable for an extended storage tine. One nethod which may
be utilized to extend storage tinme is spray drying, a rapid drying process
wher eby t he rmul ation Ii%yid feed i.s spray atom zed into fine droplets

f
under 25a sltolzg‘gm - dr {heqeghediofembodmentpa péesin b influenprvitysrepldraty| et s
| t St f i 9., US
baront  CnPE oML G OERT 6 2 e ot 330y PEBRE B BRI B aes of

ease of scal0a®ll i9% arbhemactibdof embodimentss, aseeionpanetichen canveptdaaral
freeze-dryin cesses. ternatively, the vaccine material is fornul ated
to be _stf’é%lf)@%’ é{g Iﬁ”?‘@i P?@%@I?ﬁ 8{’0% {Bé)o‘?r@yqrit%] Gi?‘lgl'f BFHtmef #rcass byt 7k hods
known in th@agel .o or ARSNGB 61 cliRidifd SIGLEQIPASHIA QRS iRl ERIAMLAtINg 2

refrigerator stable attenuated iInfluenza vaccine are Scri
Pat ent tapgPgic AGIBn/RCT 92808 @8 8&lahdfdrlted l&qs BBEMY of 2064t about 8.2 0297]

| n- process acterization,steps are i rporated into the purification
scheme to n@g‘ﬁ]oggt hezg}eda‘%}g?%% ?m@@gﬁﬁgr%g}e% ¢ SHRRZ4HTBHERE B e
utilized alogh TASDRUHL BF 8t 108k abduit 814 8Q/dr Qo b sk, FFEOES 68 LP0MRt ASSaY
(described as Exanple 6, and known in the art, see e.g., Stokes et al.,

1988, J O ilA23#1crld8i ol Thexpethabal @ybogitneti 83seherminstherpifieamt vibsdypliardi ng and

fluegre StahR| ternine virus_i ctivity, Total protein
ang(@Dstgg%%] %ﬁgllgf”?}glﬁ%ggﬁt %r%%}iqgeéeaﬁlg}rofro? ﬁl%lf{@%‘ﬁj Bﬁ‘@rlfj%gal??é‘f géds known
to one of gk229] i1t helteandth@f 6f cisladirhent@8] Rhéfeinant RELBLSCAAL rOflichhe
initial i urir i es ren?i ning.. The specific activity of the preparation may
be det P #i'viae b;l%@g’lﬂcﬂ 3t 1paG b avd 3B andfor ftvp damnd K WAMIpet atdershationy88f vacci ne
(e.g., inf A1 th MO ) phel ' [ | 1A 1S one purnification
process thg[tg i3ngy Dgg' usTehg ﬁégﬁe?@#ﬂ%dﬂﬁ&éggo‘ggggﬁﬁ h%ﬁ@luﬁlzzr?zvéméir@&}caﬁﬁrvest

i s st abphilogd TaIR/mel sfiattledst abdut b f0emd(oe tga JogsEF 086 ofQphesideat @ obuf fer) .

Benzonase, n-.speci fi c .endonucl ease, js then added to the stabilized
vi ﬁﬁl har ve@%"nﬁ 0 @Bea@%’é’@ﬁewl?%pfcﬁé‘éedt%ﬁﬂrdmpﬁlé&’é‘ﬁ@?ﬂ of PRPPEALEL After
Benzonage treatnent, the virus harvest is subjected to filtration to renove

any renmaini n%i ntact MDCK cells and nost cellular debris. In particular,
Di rect Fl oMdH2lt &8 or\n DEMNogamiclsempositipr exmprifng migpedptitiessf therbr anes wit h

differ . S] nbr, .conposi tian and configurations (such as
nul ti ngﬁfl%&g% Qgﬁgnéffe?%%‘ﬁ{l%nrt ?thrﬂd gﬁ%@ég‘? ‘B@?Ya%?@%@? CFWE?BH&%“H&M nmum f | ow
rate and sqet33] upobactarimmimebriaGbmpodesersthiashe hBenleasd fi@dvi rus
haryest is then concentrated by Tangential Flow Filtration (TFF) using

ul EPaf iSP4MEh | b ot Rlitemagantictl rerceenteldmearaieeer diluens is then diafiltered
agai nst a spriqabliggbuter - - r)...Ih

concent r at Zd,jﬁi a?lél ter EI ﬁlgl}lv%esn%é%@‘%ﬁ@%@ﬁ%ﬁ@?@@&%11365?(‘)‘%hﬁlrrﬁ%n fhe

chr onmatimgrapgsniocor@ihsitombs sxfegahnosmblegr aphy. Affinity chromat ography and

i on- exchan r t ogr aphy y..be used to further renove MDCK cell protein
and DNA. Tﬁ@mg.’ﬂr 3%’( o% %‘ﬁ‘ililpég? Fympgiing PR ceiymingnis Jiost a viselrerssation: r at ed
and di abinptighed into a formulation buffer and, finally, subjected to
sterile filtration. Qutlined in Figure 11B is an alternative purification
prééess that may(be passigwhd dinl poapbiaties ovére fBeiny dnamelop)apay epedi dddeaf finity
chromat ography. The 25use of ,such_.a process can reduce downstream

processi ng steps. BrF%@f‘iﬂ“sﬁﬁ@f%ﬂ’&@ﬁgwﬁamﬂﬁlmaﬂ%rﬁ%ﬂﬂ AVBSt s
stabilized with a suiffiabl enRefatfrafl dedia SHCLOSBLOPRSONA! Byl er) . The
stabilized virus is cl ar?f.i ed b(ggfriﬁ?t ration, for eglgrrpl e bf:/ Bi'r ect Fl ow
Filtration (DFF) usiBgpraragon giadetgindds-gmfilters. The clarified virus is

t hen condi ti oned/con : TEE using ultrafiltrati ranes and
the concentrat ed@i rﬁg&ﬁ@hggﬁ%tlya 1 %‘? pl&’g’&eﬁ%fo 516%63}3‘? ﬂglﬁe buf f er
(e3@., sucrose-phosphatenfuhtt.emi usi ng, for exanple 500 KD TFF (5X UF / 5X
DF). The conditioned virus is then subjected to on columm Benzonase(r)
treatment and t h&puslpfingdevimepreanian tejviral prspareorcbomithe effindnd
diafiltered into a f ' f.f.er using for exanple, 500 KD TFF and 8X
DF processes. The fo&ﬁgﬁgﬁgﬁg{&gf%ul k is then sterile filtered, for

exanpl e t h{@3gh 0085- Taachethod-oi0T,iWhiceeia theafBnily cleohatdoirardy Sdiate
Chrona?)gréx h$( %0299. It was determ ned that MDCK DNA contains a

Benzonasat ';je Waisresing

e
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5 fragnment of -12 kB and that was not renoved by TFF or ultracentrifugation
using a sucrose density gradient (data not shown). As described above,

chromatography is utilized to ensure renoval of all contam nants. Cell ufine
Sul fate chromat ography resin consists of sulfate ester coval ently bonded on

t he 6-positj f cellobi ttach | ul bead. i
i i oot e 1P 105 o R aR PG aUREGHE O L afiE et B SR O AP [cogr aphy
using Q@hlsyédiﬂ@eﬂ&n&lbisetp%eﬁp(gﬁﬁbnWsﬁ,@ﬁm@t@%ﬂg}mﬁ%a@gﬁw the@ifafl i ciently

remove the contam nating and. Briefly, Xx 2 cm (10 L) col um,

was equi | i h9%58d 116 bl exethod dfendpdineag 1884 wheseio she, nontspetifigot assi um
h h 7 P Lfl ' Al | edaoni
il TR A ST et

buf fer 7&.and eluted with a gradi ent of 0-100% buffer B (1X SP + 1 M NaCl,

pH 7.2). The flow rate was 15 maintained at 3 nL/mn. The OD profile is
shown in t h@&23%f tl1 handihc grethmdypfrembpdisnens Birivhaaein ) \drad pegparatipe 13MA

cont ent: : -the FFA infectivity of the starting material, the
Enﬂ&eﬁ%%muﬁgh@%ro%.

fl ow t hroug ution fractions fromthe CS colum. Table

5. Cel | ufi n¢02al f a2 Cihe metlagl eemboSangit 05 ovladreiDiNg 10fli&)za Taual HAU (Logi c)
[ mL) FFA Infectivity (per nL) TEF/ Uf: material 26.7 5.8 1.5 X101 Fl ow Thru
12.7 (&7Rpprasop wes Pegpred omxsmmyianggile e 8.5 (329 5. 75

10 f0241] 113. The method of embodiment 112, wherein the mammalian cells are
MDCK cells or Vero cells, or PerC6 cells.
[0242] 114. The method of embodiment 107, wherein the conditions used in step
(a) are 1X SP buffer at about pH 7.2,
[0243] 115. The method of embodiment 107, wherein the virus present in the viral

15 preparation are eluted in 1X SP buffer containing about 1 M NaCl at about pH 7.2.

8. EXAMPLES

[0244] The invention is now described with reference to the following examples.
These examples are provided for the purpose of illustration only and the invention should in
no way be construed as being limited to these examples but rather should be construed to
20  encompass any and all variations which become evident as a result of the teachings provided
herein.
8.1 Example 1: Identification of a MDCK Cell Line that Supports High Viral
Replication in Serum Containing Media
[0245] This example describes identification and selection of an MDCK cell line that
25 supports replication of influenza viruses to high titers when the MDCK cell line was cultured
in Dulbecco’s Modified Eagle’s Medium (DMEM) media comprising 10% Fetal Bovine
Serum (FBS). The process is outlined in Figure 5A.
[0246] One vial of MDCK cells (ATCC Accession No. CCL-34; Lot 1805449,
passage 54) obtained from the ATCC was thawed and inoculated into a T-25 flask (Corning)
30 containing 10 mi of Dulbecco’s Modified Eagle’s Medium with L-glutamine (DMEM) and
10% fetal bovine serum (FBS, Defined). Cells (passage 55) were incubated at 37+1°C with
5+1% CO; for 3 days. On day 3, the cells were passaged to a T-225 flask (passage 56). Three
days after seeding, cells were passaged to 4 x T-225 flasks (Passage 57). For each of the
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(88% 1.1 X1010 (70% 10300] The starting material, the flow through and
the elution fractions fromthe CS 20col um were anal yzed by agarose gel

el ectrophoresis (Figure 12A, right panel). The DNA contami nate is present
in both the starting material (lane 2) and the flowthrough (lane 3) but is

absent in the ial eluted fromthe colum (lane 4). These data indicate
that t hBASERESS H‘an#’ﬁ?rrl\é ‘ﬁfﬁ#?&ﬁ%@l@ﬁﬁ@%{) Trg’ém'f Siibask, e pewedwre t han
ul tracephd idMAas s on al one at renoving cont am nants from cul ture media and

host cells. 25 8.8.2. On Columm Benzonase(r) Treatment [0301] To reduce
handl i ng st[@@ﬂ]an@elm;s\@elslmdrmﬁtige Witle DRirzariaBRodphata BughtedBayind eiGembi ned

NDCK. dsTACDR o BRPDShARL Ry PP aiar 7 BR{RENc 228 OE Amiwh D W Gerbe 126

03G2] ddied eeihaickis ss is
E:arrl ]eda out at 5c Zszojglezéég;?né@gﬁ%i‘rvg% glrc g?até(%ﬁlg%%ﬁeg é\}itsé? Eog 1?59\?\/@ med up

to 22- 2mm%t@rv@1ﬁeﬁmgrlrﬁ mg(fawrheﬁaﬁ)gmmnwésnh(&mm zzcsausm)gafommwe col um

i s base Y cti VI yni t A assa get | oading on
the col ‘glrtrﬁﬂl élﬁ%ﬁmbe %’dﬁo%é EE Sﬂ?r%% ‘%ﬁL" B?U@%ﬁﬁ he Y9oicrat es for
equi | i braaniednsing@adinagytonReR) HdSh@do@lt wbéR8hry &R BulS@ KB (@%@uﬁﬂ%r%) except
the flowrate is reduced as shown in Table 6 while washin

buf fer ok eanstericAitng BeRT Haskseontaimiage d 6P mhvf(D_MiMWbrk}ghu@neqmnd m%u ed with
P h Q.2 t , th
con ucgliz%i?tagm é&g%tlgﬁgse%ﬂcﬁ EM n%% i?%%wf ﬁ%?'}gtsglas]? e‘gggg?'P?}B z)ﬁd ot dyi r 55

i s | oaced serunt tmltmnﬂngr@m\aﬂhdnédmﬁnf\y&as\udﬂéﬂ @u@l@crﬂfédfﬁﬁb\lree(}“heaeliﬁér@Eheﬁomf)' etion

of Ioadi‘rr%{g(,i t(lge col ug:B |s washed (wash #1) with 1 columm volune (CV) of |Xx
SP and PREI GRS Frynted: dpe ggl %&P?%@t%@rcem adrpmdithecglknellsunes fepuspendsd. The

15col it t [ f
0,33, "0 b BT EEOMERRN LRl 100 EBS s S B8 '”%adfﬁ;“

r epeat iT@ Bt efFX fre@ing thdinine( 16 UnEBY iDMEMI wild Lrgdiermied gndwisehv/z. dmédy | X SP

cont.ain nd 50 units o onase m..of 1X SP. A ter wash

rltst he fl%%wasl\%ﬁiﬁgﬁcﬂftwrﬁ%}f% Or?u ot ]XI%EWE‘% Wt@:}?fo eppeolirus is
eI ut ed For@povidle. THe! deTwdid Rheh Xt Sébmmmlgéﬂkgﬁéezé{' éﬂ%ﬁhner ﬁd djted material
is 20col l ected as soon as the A280 nm val ue reads the collection

i s contiransisered in sthrage 8ovaper pleso ﬂﬁhﬂﬂ@é nvcaig@e Tlet ﬁmzma celds rﬁpnﬁdﬂtedﬂhe colum is

cl eane N S used agai n.
The da?\éﬂ%l{ce?ﬁgfy E‘ﬂ o%%astoagnrd glg%ref?m% by elf?é{b? u‘%’ﬁﬁ Mg%@i sheet at the
end of thi JOD48)t AGsdk,.onbwidl oplie MD@I@Brle/IOH'ﬂ@t dafaa R nAMbcIRIIBAS Af Or

ea ﬂ Chﬁ t ography run perfornmed. 25 Table 6.Benzonase(r) Contact Tlrre
? Vi ﬁg&éﬁgoﬁﬁﬁwg\kﬁ@ kMM aR@:rlaQ%lFﬁﬁ RigHs fpaggagh SSbwoleanquhatst a#2) Fl ow

Rate (mgzpdiih 5% CO, for 3 days. On day 3 the cells were passaged to 2 x T225 flasks (passage
59). Three days after seeding, cells were passaged to 4 x T225 flasks {(Passage 60). On day 3
post seeding, a complete medium exchange was performed. Four days after seeding, cells
were passaged to 25 x T225 flasks (Passage 61). For each of the passages in DMEM with

25  L-glutamine and 10% FBS in a T75 or T225 flask, the procedure was as follows.

[0249] Cells were washed two times with Dulbecco’s Phosphate Buffered Saline

without Ca™* and Mg"" (DPBS), and 3 ml (for T75) or 7.5 ml (for T225) of trypsin 0.25%
was added to the cells. The cell monolayer was incubated and allowed to release for 15 to 20
minutes, at which time 3 ml (for T75) or 7.5 mi (for T225 flask) of DMEM with L-glutamine

30 and 10% FBS was added to neutralize the trypsin. The cells were then counted in a
hemacytometer, and the amount necessary to inoculate 5 x 10 cells per ml was transferred to
a T225 flask containing 100 ml of DMEM with L-glutamine and 10% FBS, and incubated
as above for 3 days. Cells from 24 of 25 T225 flasks were trypsinized, pooled, and serum
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Contact Tinme of Benzonase with Virus (mn) Flow Velocity (cmhr) 1 2.5 CV
0.33 102 25 2 2.5 CV 0.46 73 35 3 2.5 CV 0.65 51 50 4 2.5 C/ 0.98 34 75 5
2.5 Cv/ 1.3

containing growth medium was added. The cell suspension were centrifuged, and
resuspended cell pellet with 50 ml of DMEM with L-glutamine and 10% FBS.

[0250] This suspension was then counted. To make 60 ml of 1 x 107 cells/ml cell
suspension, 39.5 ml cell suspension was combined with 20.5 ml of 10% FBS DMEM

5 medium. Then 60 ml of 2X freezing medium (10% FBS DMEM with L-glutamine and 15%
v/v dimethy! sulfoxide) was added to 60 ml of 1 x 107 cells/ml cell suspension, the cells were
mixed thoroughly, and 1 ml were aliquoted into each of 100 cryovials. The cells were frozen
at —-60° C 1n Nalgene freezer containers, and then transferred to storage in liquid nitrogen.
The frozen cells represented the MDCK cells at passage 61. These vials were designated

10 MDCK Pre-MCB lot 2. This bank was deposited with the ATCC and is identified by ATCC
Accession Number PTA-6500.

[0251] Next, one vial of the MDCK Pre-MCB lot 2 (Passage 61) was thawed and
inoculated into a T75 flask containing 35 ml DMEM and 10% FBS. Cells (passage 62) were
incubated at 37°C with 5% CO; for 3 days. On day 3 the cells were passaged to 2 x T75

15  flasks (passage 63). An additional 3 passages to a new T75 flask were performed followed by
a passage to a T225 flask (Passage 67).

10252} Next, the cells were trypsinized and cloned by a dilution method. In
particular, the cells were seeded at 0.5 cells per 100 pL per well in 96 well plates (1:1 ratio of
fresh to conditioned media). The next day, cells were visualized under the microscope and

20 wells which contained one cell were identified, then the plates returned to incubate. After 7
days incubation, the plates were checked to assess cell growth and another 100 uL fresh
growth medium was added to each well. Three days later, a complete medium exchange (200
uL per well) was performed. Two weeks after initial cloning seeding, cells were trypsinized
and passaged to 2 sets of 24 well plates if they reached 100% confluence. If cells had not

25  reached 100% confluence, they were refed with fresh growth medium.

[0253] The clones were expanded sequentially (24 well plate — T25 flasks or 6 well
plates —T75 or T225 flask) and a total of 54 clones were selected as shown in Table 1,
below, and frozen at either passage 4 or 5 post cloning in 10% FBS DMEM with 7.5%
DMSO and stored in liquid nitrogen. In addition, clones 56, 57 and 58 were isolated from a

30 second round of screening performed essentially as described above.
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26 100 [0303] Residual MDCK dsDNA in the eluted chromatography fraction is
quantitated using the PicoGeen quantitation assay kit as described by
I nvitrogen. Fluorescence is neasured using the Ml ecul ar Devices Gemini EM
fluor escence pl ate reader and the anmount of dsDNA degradation is cal culated
using § ?Wgﬁx Pro version 4.8 software. [0304] Table 7 summarizes the

purifi c yi el dsL‘Fb‘i’fsé‘éiféeé!'md\@mléﬂﬂﬁsém freevingietde) bot h t he
Benzonase( f1§de8@ MENEloh Iﬁclg eishd B S i on-rgl um. 5
8. 9Exanpl e[9T prec nr.tFé’ﬂe ral llgbt!e 39@159@‘]1] g 1516'5'9‘.1@ .¢mpe ID a robust
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[0255] Based on the virus productivity data, six clones were selected for further
analysis: clones 1, 5, 36, 39, 40, and 55. The clones were expanded in T-flasks and a set T-
25 (8 flasks per clone) were used for infection with A/New Caledonia, A/Panama and B/Jilin
15 reassortants at MOI 0.001 using DMEM+4 mM glutamine as the post infection media (2
flasks per virus strain). These flasks were harvested 4 days post infection and the samples
from each flask were analyzed for potency using the semi automated TCIDs, assay (n=12 per
flask, n=24 per virus strain) of Example 5. Results from these experiments are presented as
Figure 1, which shows that the clones 1 and 55, which are the highest producers for
20 reassortant A/New Caledonia, are also the highest producers for A/Panama and B/Jilin
reassortants. Accordingly, clone 1 was selected for further subcloning and adaptation to
serum free medium.
[0256] In additional rounds of screening performed as described above, more than

1000 clones were screened for ability to produce high titers of A/New Caledonia. Sixty three
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of these clones screened for ability to produce high titers of A/Panama and B/Jilin
reassortants, none produced more virus than clone 1. Accordingly, none of these clones was
selected for further study and no data relating to these clones is presented herein.
[0257] Next, clone 1 (P4/P71, 4 passages since isolation from a single clone, 71 total
5  passages) was thawed and inoculated into a T75 flask containing 35 ml of Dulbecco’s
Modified Eagle’s Medium/Ham F12 with L-glutamine (DMEM/F12) and 10% FBS. Cells
were incubated at 37°C with 5% CO; for 3 days. On day 3, the cells were passaged to a T225
flask. Then cells were passaged 8 times in either a T75 or 1225 flask every 3 or 4 days after
seeding. After these passages, the cells (P13/P80) were trypsinized and sub-cloned by
10 dilution as follows.
[0258] The cells were seeded at 0.5 cells per 100 pL per well in 10 x 96 well plates
(I:1 ratio of fresh to conditioned media). The next day, cells (P1/P81, P1 since subclone,
P81 total passage) were visuahzed under the microscope and wells were marked that
contained one cell per well. The cells were allowed to grow for 7 days and the plates were
15 checked to see if the marked wells contained growing cells. The cells were fed with 100 L
fresh growth medium at this time point, and then a complete medium exchange (200 uL per
well) was performed 3 days later. Two weeks after initial cell seeding, single cell clones were
trypsinized and passaged to a 96 well plate if they reached > 50% confluence. Cells less than
50% confluent were refed with fresh growth medium and allowed to continue to grow. The
20 clones which reached > 50% confluence were expanded sequentially (24 well plate — 6 well
plates —T75 flask) and a total of 63 subclones were frozen at either passage 5 or 6 since the
beginning of this round of subcloning in 10% FBS DMEM/F12 with 7.5% DMSO and stored
in liquid nitrogen.
[0259] During clone expansion, clones were also set up in 3 x 96 well plates for virus
25  infection (A/Panama and B/Jilin reassortants) at a MOI of 0.001. Cells were grown in
DMEM/F12 with 4 mM ghutamine, cells were infected at 3 days post seeding using
DMEM/F12 with 4 mM glutamine as the post-infection media, and viruses were harvested 4
days post infection and stabilized with sucrose phosphate. The A/Panama virus titer was
determined using a FFA assay as described in Example 4, below. A/Panama virus titer
30  produced by each subclone varied from 7.0 to 8.5, with a distribution as shown in Table 3,

below.
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Table 3. Distribution of Viral Titers from 63 subclones of clone  grown in
DMEM + 10% FBS
Titer Range (Logio FFU/ml) Number of Subclones
(total of 63)

<6.1 28

6.2-6.9 18

7.0-7.5 13

>7.6 (Iess than 8.0) 4

[0260] Of the 63 clones, MDCK subclone 1-A (P6/P86), subclone 1-B (P5/P85) and
subclone 1-C (P6/P86) produced virus titer of 7.6 logyo FFU/ml, while subclone 1-D
5 produced a virus titer of 7.8 log;e FFU/ml.
8.2 Example 2: Adaptation of an MDCK Cell
Clones to Growth in Serum-Free Media
[0261] This example describes adaptation of MDCK Clones 1, 55, 56,57, and 58
and Subclones 1-A, 1-B (P5/P85), 1-C and 1-D to growth in MediV 105 serum-free media.
10 Clones 56, 57, and 58 were derived from MDCK cells (ATCC Accession No. CCL-34) and
adapted to growth in media containing serum in a manner similar to that described in
Example 1. The process is outlined in Figure 5B.
[0262] First, one vial of the MDCK Clone Subclone 1-D (frozen at passage 5 since
subclone, P85 in total) was thawed and inoculated into a T75 flask containing 35 ml of
15 Dulbecco’s Modified Eagle’s Medium / Ham F12 (DMEM/F12) with L-glutamine and 10%
fetal bovine serum (FBS, Defined), and incubated at 37°C with 5% CO, for 3 days. On day 3
the cells were passaged to a T225 flask (Passage 7/P87). Next, the MDCK Subclone D cells
were adapted in serum-free medium MediV 105 for 5 passages.
{0263] At passage 5 in MediV 105, cells were frozen as an accession bank. In
20 addition, one flask of cells {clone 1-D) was set up to check cell stability in MediV 105 serum
free medium. SF MDCK Subclone D cells started dying after 8 passages in MediV 105 serum
free medium.
[0264] In addition, serum MDCK clones 1, 55, 56, 57, and 58 and subclones 1-A, 1-
B (P5/P85), and C were adapted to MediV 105 serum free medium. First, one vial of each
25  serum MDCK clones 1, 55, 56, 57, and 58 and subclones 1-A, 1-B (P5/P85), and C were
thawed into a T75 flask containing 35 ml of 10 % FBS DMEDM/F12 medium and incubated
at 37°C with 5% CO, for 3 days. The cells were trypsinized and seeded into a new T225 flask
at 5 x 10 cells/m! seeding density. On day 3 after seeding, cells were passaged to a T75 flask

in serum containing growth medium.
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{0265} For each of the passages in DMEM/F12 with L-glutamine and 10% FBS in a
T75 or T225 flask, the procedure was as follows. Cells were washed two times with
Dulbecco’s Phosphate Buffered Saline without Ca' and Mg™ (DPBS), and 3 ml (for the T75
flask) or 7.5 ml (for the T225) of TrypLE were added to the cells. The cell monolayer was
incubated and allowed to release for 15-20 minutes, at which time 3 ml (for T75) or 7.5 ml
(for T225 flask) of 10% FBS DMEM/F12 with L-glutamine was added to neutralize the
TrypLE activity. The cells were then counted by Cedex cell count, and the amount necessary
to inoculate 5 x 10" cells per ml was transferred to a T75 flask or T225 flask containing
sufficient media to bring the volume to 35 ml (T75) or 100 ml (T225) of 10% FBS DMEM
with L-glutamine, and incubated as above for 3 or 4 days.

[0266] Next, each of the clones in T75 flasks (3 passages in serum medium after
thawing) was adapted for growth in MediV 105 serum free medium. Cells from the T75
flasks were passaged for 3 passages in T75 flasks containing 35 ml of MediV 105. At the
fourth passage, the cells were passaged to a T225 flask containing 100 ml MediV 105. Cells
from the T225 flask were seeded to 2 or 3 T225 flasks based on cell count for the fifih
passage. On day 3 or day 4 post seeding, clones 1, 56, and 57, and subclones 1-A, 1-B, 1-C,
and 1-D were frozen as an accession bank. Clones 55 and 58 were each passaged an
additional time in serum free medium before the cells were banked.

[0267] For each of the passages in MediV 105 serum free media in a T75 or T225
flask, the procedure was as follows, for the first passage to MediV 105, spent medium from
the T75 flask with cells at passage 3 after vial thawing was removed, the cells were washed
with DPBS, 3 ml of TrypLE was added, and the cells were incubated and allowed to release
for 15-20 minutes. Then 3 ml of lima bean trypsin inhibitor solution (Worthington) were
added to neutralize the TrypLE, and the cells were counted by Cedex cell counter. The
amount of cells necessary to inoculate 5 x 10? cells per ml of media was transferred to a T75
flask containing 35 ml of MediV 105. All flasks were incubated at 37°C with 5% CO; for 3-
4 days at which time the cells were again enzymatically detached as described above except
using 2.5 ml (for T75) or 5 ml (for T225) of TrypLE, then 2.5 ml (for T75) or 5 m! (for T225)
of lima bean trypsin inhibitor solution used to stop TrypLE activity, and cell suspensions
were transferred to flasks with fresh serum free medium. All seedings were calculated to
inoculate 5 x 10" cells per ml of media.

[0268] For the banking of each clone/subclone the procedure was as follows: Cells
from the multiple flasks were trypsinized, pooled, and trypsin neutralizing solution was

added. The cells were then mixed and counted. The cells were centrifuged, and resuspended

62




15720 122.0% 18.9 18.3 18.6 I TVCC- I b 19.18 1BPGLO0 160 - 65 1B/ Mal 1Dev 6
3.6 n/fa 1233 0.18 110800 121.2% 18.6 18.3 18.4 1TVCC |b 1944. 1BPGL00

160 - 65 C) 1Dev 7

in saved spent medium to make 1 x 107 cells/ml cell suspension. Next, 2X freezing medium
(MediV 105 with 15% v/v dimethyl sulfoxide, and an equal volume of spent medium) was
added, the cells were mixed thoroughly, and 1 ml aliquots were placed mto 2 ml size
cryovials. These vials were designated as SF MDCK accession banks. The cells were frozen
5 at-60° C in Nalgene freezer containers, and then transferred to storage in liquid nitrogen.
Figure 5 is a flow chart of the entire selection and adaptation process for clone 1 and
subclone 1-B.
[0269] Along with banking, a T75 flask of each serum free-adapted clone was set up
for cell growth stability in serum free medium and virus infectivity study. In the study, cells
10 were seeded at 5 x 10* cells per ml of media and passaged every 3 or 4 days after seeding.
Clones 56 and 57 started dying at sixth passage in MediV 105.
[0270] Each of the other clones and subclones were continued to be cultured in
MediV 105. At Passage 9 or 10, 5 T75 flasks for each clone were set up for virus infection.
The clones were infected with reassortants of A/New Caledonia, A/Hiroshima, B/Malaysia
15 and A/Vietnam at MOI 0.001, using DMEM/F12 with 4mM glutamine + 500 mU/m] TPCK
trypsin as the post infection media. Viruses were harvested at 3 and 4 days post infection and
stabilized with 10 x sucrose phosphate buffer. Virus titers were determined by FFA assay as
described below in Example 4. The results of these experiments (data not shown) showed
that the subclones of clone 1 produced more virus than the other tested MDCK cell clones.
20 Accordingly, subclones 1-A, 1-B, and 1-C were selected for further experiments to assess
cell growth in MediV 105. Results of this experiment are shown as Figure 2. As shown in
Figure 2, each of subclones 1-A, 1-B, and 1-C exhibited essentially similar growth
characteristics.
[0271] In addition, subclones 1-A, 1-B, and 1-C were retested for virus infectivity at
25  passage 12. 9 x T75 flasks for each subclone were infected with influenza viruses under the
same conditions as at passage 9, described immediately above, in duplicate (2 T75 flasks per
clone per virus strain. Results from this experiment are presented as Figure 3. As shown in
Figure 3, each of the subclones supported growth of the tested viruses to relatively high titer,
and none of the different subclones supported the highest titer of each tested virus strain.
30 [0272] Finally, to assess the effects of the MediV 105 medium on virus growth, virus
infectivity was assessed for subclones 1-A, 1-B, and 1-C in both MediV 105 and OptiPro™
medium (GIBCO), while subclone 1-D was tested in OptiPro™ media alone, as described

above. Tabular results from each of these virus infectivity experiments are presented as

63




0.27 0.13 135 0.032 0.4 13440 130.4%Fr-7 18.4 18.6 1TVCC- |b 1933.
1BPG100 148 1A/Ws 1Dev 8 0.52 0.29 174 0.164 0.3 12070 156.3% 19.0
17.9 18.0 ITVCCIb

Figure 4. As shown in Figure 4, no significant difference in virus productivity was observed

between the two media.

8.3  Example 3: Comparison of MDCK Cell Growth in MediV 105 and M18M
f0273] This example describes the results of an experiment to assess the relative
5 growth of MDCK cells in MediV 105 and M18M media. The formulations of MediV 105
and M18M are described in Example 10, below.
[0274] In these experiments, 1 vial of serum free-adapted subclone 1-A was thawed
and inoculated into a T-75 flask containing either MediV 105 or M18M, respectively. The T-
75 flasks were then placed in a 37C incubator supplied with 5% CO; and the cells were
10 allowed to grow under these conditions for 3 to 4 days. Cell growth rate and viability were
meonitored the end of incubation by trypsinizing the cells from the T-75 flasks followed by

counting the total and viable cells using a Cedex cell counter or over the next 88 hours by

Cedex and/or NucleoCounters.
[0275] Results from this experiment are presented as Figure 6. As shown in Figure 6,
15 subclone 1-A was able to replicate in both MediV 105 and M18M. However, cells decreased
in viability over time in M18M, while cell viability in MediV 105 remained relatively
constant. In addition, the doubling times of the MDCK cells were calculated and are
presented as Figure 7. Figure 7 indicates that the doubling time of MDCK cell subclone 1-A
was 39 hours in MediV 105 and 36 hours in M18M.

20 84  Example 4: Comparison of MDCK Cell Growth on Different Microcarriers
[0276] This Example describes the results of experiments designed to assess the
growth of MDCK cells in M 18 media using different microcarriers. In particular, growth of
MDCK cells was compared for the microcarriers cytodex 1, cytodex 3, cytopore 1, and
cytopore 2 (GE Healthcare).

25 {0277} In the experiments, MDCK cell subclone I-A was moculated into a 125 ml
flask containing M18 media. Next, 2 g/L cytodex 1, cytodex 3, cytopore 1, or cytopore 2,
respectively, was added to each flask. The density of unattached MDCK celis was
determined at 30 and 60 minutes post-inoculation as shown in Figure 8. As seen in Figure 8,
the MDCK cells attached quiékly to each of the different microcarriers, and ultimately

30  attached better to the cytopore microcarriers than the cytodex microcarriers.

[0278] In addition, the cells were grown for approximately 5 days in M18 in the
presence of the different microcarriers (30 ml microcarrier w/v in 125 ml media shaken at

120 RPM), and the total cell density determined daily by trypsinization followed by Cedex
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mn one of these T-flasks were trypsinized with trypsin EDTA and counted using the Trypan-

Blue Exclusion method. The remaining T-flasks were then infected as follows. The growth
media was aspirated off and cells washed twice with 10 mL DPBS (no Ca**/Mg™") per flask.
The amount of virus to infect each T-flask at the desired multiplicity of infection (MOI) of
(e.g., 0.01 to 0.001) was determined as per the equation below:

Total Cells per flask * MOI
10~ (log TCIDS0/ mL)

Amount of virus(mlL)=

MOT being defined as the virus particles per cell added

[0280] The required amount of virus was then added to 35 mL of post infection
medium in each T-flask. (DMEM + 4 mM glutamine + 500 mU/mL TPCK trypsin). The T-
flasks were then incubated at 33°C, 5% CO, and samples taken each day for 6 days. One
tenth volume of sample volume of 10X SP was added to each sample as a stabilizer and the
samples were stored at <-70°C prior to testing for infectivity.

[0281] The concentration of virus present in each sample was determined according
to a median tissue culture infectious dose (TCIDs) assay that measures infectious virions.
Briefly, MDCK cells were grown to confluent monolayers in 96-well microtiter plates and a
serial dilutions of ca/ts influenza virus sample was added. The samples in the MDCK cell
assay plate were typically diluted to final dilutions of 10 to 107°. The wells in columns 1-5
and 8-12 contained virus-diluted sample and wells in columns 6-7 received only virus diluent
and served as cell controls. This format produced two data points (n=2) for each sample
dilution per plate. Replication of virus in the MDCK cells resulted in cell death and
cytopathic effect (CPE). it also released progeny viruses into the culture supernatant. The
progeny virus infected other cells, repeating the infection and resulting in the eventual
destruction of the monolayer. Infection of monolayer cells lasted for a period of six days at
3341 °CinaCO, environment. The plates were then removed from the incubator, the
media in the wells discarded, and 100 pl of MEM/EBSS + 1X non-essential amino acids + 2

mM glutamine + penicillin/streptomycin + MTT was added to each well. The plates were
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20 secondary antlbody (e.g., rabbit anti sheep labeled with FITC) prepared to the desired dilution
in 0.1% saponin, 1% BSA m PBS. After washing twice as described above and blot drying
with paper towels the wells with fluorescent staining were visualized daily using a
fluorescence microscope and the images were taken daily using SPOT program.
8.7  Example 7: Assays for Testing MDCK Cells
25  for Karyology, Tumorigenicity, and Adventitious Agents
[0283] This example describes representative assays suitable for testing MDCK cells

for karyology, tumorigenicity, and the presence of adventitious agents.

8.7.1. Karyology Testing:
30 [0284] Briefly, MDCK cells for testing are grown in T-225 flasks, maintained and
subcultured as described above. When the cells are thought to have enough mitotic cells, the
cells are harvested for mitotic analysis. The cells are then treated with colcemid (0.02

ug/mL) for 150 minutes at 37°C. The cells are then harvested by trypsinization, and
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the appropriate media type. Positive controls may consist of Bacillus subtilis in TSB and
25  THIO, Candida albicans in TSB and SAB (at 20-25°C and 30-35°C), Clostridium sporogenes
in THIO and PYG, Pseudomonas aeruginosa, Staphylococcus aureus and Aspergillus niger in
THIO and/or TSB. The negative control is sterile PBS. The media are incubated for 3-5
days and checked for growth of organisms.
[0287] To test whether a test culture meets sterility requirements defined in USP 26,
30 EPand 21CFR610.12, the test culture is inoculated in two tubes of TSB (soybean-casein
digest medium), two tubes of THIO (fluid thioglycollate medium), three tubes of SAB
(Sabourand Dextrose Agar) and two tubes of PYG (peptone yeast extract). The media are
incubated at appropriate temperatures (SAB slants are incubated at two temperatures) and all

tubes observed over a 14 day period with the tubes checked on third/fourth or fifth day,
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100 cfu/10 mL (for the semi broth assay). A portion of the test sample is not spiked. 4 semi
solid broth bottles are inoculated with 10 ml each of spiked (2 bottles) or unspiked (2 bottles).
One bottle each of spiked/unspiked is incubated either acrobically or anaerobically at

15 appropriate temperatures. 10 type A agar plates and 10 type B agar plates are inoculated with
each spiked sample or unspiked sample. Half the type A agar plates and type B agar plates
are incubated either acrobically or anaerobically at appropriate temperatures. Uninoculated
mycoplasma semi-solid broth serves as the uninoculated negative control. All broth bottles
are observed for 21 days. Each broth bottle (with exception of uninoculated negative control)

20 18 subcultured on days 3, 7 and 14 onto Type A agar plates or Type B agar plates (10 plates
each, 0.2 mL/plate) and incubated under the same conditions as the appropriate bottle. They
are examined once a day for 21 days.

{0290] For the enhanced VERO cell culture assay, the test article 1s tested spiked or

unspiked. The test article is spiked with M. orale and M. hyorhinis at a concentration of

25 10-100 cfu /0.2 mL. The spiked test articles, unspiked test articles, positive controls and
negative controls are each inoculated onto T-75 flasks of VERO cell cultures. After 3-5 days
of incubation, the cells from each flask are scraped and snap frozen. Two tenths of one mL
of cell lysate from each flask is inoculated into each of well of a six well plate containing
VERO cells. In addition, positive and negative controls are inoculated into appropriate wells

30  of six well plates containing VERO cells. After 3-5 days, the cells are fixed and stained with
DNA binding HOECHT dye and evaluated for presence of mycoplasma.

8.7.4. Tumorigenicity test in Nude Mice:
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[0291] Evaluation of tumor formation in nude (nw/nu) athymic mice is performed as
follows. Briefly, about two hundred thirty athymic mice (4 weeks old) are each injected
subcutaneously with 0.2 mL (1x10’ cells /mice) of either positive control (HeLa cells),
negative control (Phosphate buffered Saline (PBS)) or the test cells (MDCK cells). The
animals are randomized before injection and all mice are injected using a 22 gauge needle on
the same day. All animals are observed every working day and the injection site is palpated
twice a week for lesion development for a period of eighty four days. Each lesion is
measured and the animals are held as long as there is no visible increase in size of the lesion,
for a maximum of 6 months. Animals that appear moribund will be euthanized. These
animals and all mice surviving to the end of 6 month observation period are sacrificed and
necropsied. The injection site, lungs, scapular lymph nodes and gross lesions are analyzed by

histopathological methods.

8.7.5. Additional Assays
[0292] Other exemplary PCR and/or antibody-specific tests for available viral agents

are conducted, as shown in Table 4, below.

Table 4. Additional Testing Procedures
General tests PCR* / Ab specific
Stenhity AAV Types 1&2
Mycoplasma HCMV
Adventitious agents in vitro (multiple cell lines) EBV
Adventitious agents in vivo ' HSV
PERT Hepatitis A, B& C
Co-cultivation HHV 6,7 & 8
Karyology HIV 1&2
Electron microscopy HPV
Tumorigenicity using intact cells HTLVI &1l
Oncogenicity using cellular DNA Polyomavirus (BK and JC
VIruses)
Oncogenicity using cellular lysate Circovirus
Bovine viruses per 9CFR Canine Parvovirus
Porcine viruses per 9CFR Canine distemper
Adenovirus
SV40

8.8  Example 8: Process and Formulation of Vaccine Material

[0293] Use of a highly scalable microcarrier technology, similar to that used for the
production of the currently licensed Polio vaccine, can be applied to the production of
mnfluenza in MDCK cells, as discussed in Example 4, above. Spherical beads made of

dextran support excellent growth of MDCK cells and in 2 to 10L bioreactors. Parental
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MDCK cells grown in MediV 105 or OptiPro™ medium were found to be capable of
growing on Cytodex 3 microcarriers to a density of 2x10° nuclei per mL in batch mode in
both spinner flasks and MIDCK cells have been grown to > 2.5x10° cell/mL in bioreactors up
to 10L scale.

5 [0294] These MDCK cells (or similar non-adherent MDCK cells) are tested for
production of vaccine influenza strains to high titer in a serum-free process and compared to
the productivity obtained using serum grown cells in T-flasks. For clinical manufacturing,
influenza virus is produced in MDCK cells at the 20 L or 150 L scale, while commercial
scale production utilizes bioreactors up to about 2,500 L.. Figure 10 outlines one process that

10 may be used for cell culture scale up to commercial production levels. The working cell bank
18 first expanded sequentially from a T-75 flask to T-225 flasks to 1 liter spinner flasks to a
20 hter then 300 hiter bioreactors which are finally expanded to a 2500 liter bioreactor. When

the optimal cell density 1s obtained the culture is inoculated with the vaccine strain. The
virus 18 then bulk harvested from the culture supernatant. Example 12 details the

15  1mplementation of single use bioreactors (SUBs) for the production of high titer viral
material, which may be used for the production of vaccine material.

[0295] The purification process for cell culture based influenza vaccines is modeled
on purification of egg-based influenza vaccines (see, e.g., PCT Publication WO 05/014862
and PCT Patent Application PCT/US05/035614 filed October 4, 2005). The purification of
- 20 viral vaccine materials from cells may include any or all of the following processes,

homogenation, clarification centrifugation, ultrafiltration, adsorption on barium sulfate and
elution, tangential flow filtration, density gradient ultracentrifugation, chromatography, and
sterilization filtration. Other purification steps may also be included. For example, crude
medium from infected cultures or virus harvest can first be clarified by centrifugation at, e.g.,

25 1000-2000 x g for a time sufficient to remove cell debris and other large particulate matter,
e.g., between 10 and 30 minutes. Alternatively, the medium is filtered through a 0.8 um
cellulose acetate filter to remove intact cells and other large particulate matter. Optionally,
the clarified medium supernatant is then centrifuged to pellet the influenza viruses, e.g., at
15,000 x g, for approximately 3-5 hours. Following resuspension of the virus pellet in an

30  appropriate buffer, such as STE (0.01 M Tris-HCI, 0.15 M NaCl; 0.0001 M EDTA) or
phosphate buffered saline (PBS) at pH 7.4, the virus may be concentrated by density gradient
centrifugation on sucrose (60%-12%) or potassium tartrate (50%-10%). Either continuous or

step gradients, e.g., a sucrose gradient between 12% and 60% in four 12% steps, are suitable.
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concentrate into a visible band for recovery. Alternatively, and for most large scale
commercial applications, virus is elutriated from density gradients using a zonal-centrifuge
rotor operating in continuous mode.
5 [0296] A feature which may be included in the purification of viral vaccine materials
from cells is the use of Benzonase®, a non-specific endonuclease, early in the process. While
MDCK cellular DNA does not pose an oncogenic risk based on studies evaluating
oncogenicity of cellular DNA, Benzonase® treatment would virtually eliminate any potential
or hypothetical risk. In one purification process, following Benzonase® treatment, the
10 matenial is clarified by direct flow filtration (DFF) which will also remove any residual intact
mammalian cells in the bulk material. The filtered bulk is then concentrated by tangential
tlow filtration (TFF) prior to further purification steps. Purification methods including
affinity chromatography as well as ion-exchange chromatography and/or hydroxyapatite
which, have worked well for other viral systems are useful for cell culture based influenza
15 vaccine production. The highly purified viral material obtained by the process developed is
then utilized in the production of vaccine material. For example, for use in a live attenuated
vaccine production (e.g., FluMist®) the viral material may be subjected to a buffer exchange
by filtration into a final formulation followed by a sterilization step. Buffers useful for such a
formulation may contain 200 mM sucrose and a phosphate or histidine buffer of pH 7.0-7.2
20 with the addition of other amino acid excipients such as arginine. If necessary for
stabilization, protein hydrolysates such as gelatin (e.g., porcine, avian, piscine gelatin) may
also be added. Ideally the vaccine material is formulated to be stable for an extended storage
time. One method which may be utilized to extend storage time is spray drying, a rapid
drying process whereby the formulation liquid feed is spray atomized into fine droplets under
25 astream of dry heated gas. The evaporation of the fine droplets results in dry powders
composed of the dissolved solutes (see, e.g., US Patent Publication 2004/0042972). Spray
drying offers the advantages of ease of scalability and manufacturing cost as compared to
conventional freeze-drying processes. Alternatively, the vaccine material is formulated to be
stable as a refrigerator stable liquid formulation using methods known in the art. For
30 example, methods and compositions for formulating a refrigerator stable attenuated influenza
vaccine are described in PCT Patent Application PCT/US2005/035614 filed October 4, 2005.
[0297] In-process characterization steps are incorporated into the purification scheme

to monitor the production. Characterization steps which may be utilized include but are not
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limited to the Fluorescent Focus Assay (described as Example 6, and known in the art, see
e.g., Stokes et al., 1988, J Clin Microbiol. 26:1263-6) which uses a simple antibody binding
and fluorescent staining method to determine virus infectivity. Total protein and DNA
determination which may be performed using numerous methods known to one of skill in the
art are used to determine the percent of the initial impurities remaining. The specific activity
of the preparation may be determined by calculating the viral infectivity per quantity of
vaccine (e.g., infectivity/mg).

[0298] Outlined in Figure 11A is one purification process that may be used. Briefly,
the monovalent influenza viral harvest is stabilized with a suitable buffer (e.g., sucrose-
phosphate buffer). Benzonase, a non-specific endonuclease, 1s then added to the stabilized
viral harvest to break down DNA to less than 300-basepair fragments. After Benzonase
treatment, the virus harvest is subjected to filtration to remove any remaining intact MDCK
cells and most cellular debris. In particular, Direct Flow Filtration (DFF) can be utilized.
Vartous filter membranes with different pore sizes, membrane compositions, and
configurations (such as multimedia or single filter) and process parameters, inchuding
maximum flow rate and scale-up factor, are readily determined. The clarified virus harvest 1s
then concentrated by Tangential Flow Filtration (TFF) using ultrafiltration membranes and
the concentrated virus is then diafiltered against a suitable buffer (e.g., sucrose-phosphate
buffer). The concentrated, diafiltered harvest is then subjected to column chromatography or
membrane chromatography. Affinity chromatography and ion-exchange chromatography
may be used to further remove MDCK cell protein and DNA. The chromatographically
purified virus harvest then concentrated and diafiltered into a formulation buffer and, finally,
subjected to sterile filtration. Qutlined in Figure 11B is an alternative purification process
that may be used which combines the Benzonase® step with affinity chromatography. The
use of such a process can reduce downstream processing steps. Briefly, the monovalent
influenza viral harvest is stabilized with a suitable buffer (e.g., sucrose-phosphate buffer).
The stabilized virus is clarified by filtration, for example by Direct Flow Filtration (DFF)
using 1.2- and 0.45-pm filters. The clarified virus is then conditioned/concentrated by TFF
using ultrafiltration membranes and the concentrated virus is then diafiltered against a
suitable buffer (e.g., sucrose-phosphate buffer) using, for example 500 KD TFF (5X UF / 5X
DF). The conditioned virus is then subjected to on column Benzonase® treatment and the

purified virus eluate is then concentrated and diafiltered into a formulation buffer using for
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8.8.1. Cellufine Sulfate Chromatography
[0299] It was determined that MDCK DNA contains a Benzonase® resistant
fragment of ~12 kB and that was not removed by TFF or ultracentrifugation using a sucrose
density gradient (data not shown). As described above, chromatography is utilized to ensure
removal of all contaminants. Cellufine Sulfate chromatography resin consists of sulfate ester
covalently bonded on the 6-position of cellobiose and attached to a cellulose bead. The resin
mimics the affinity of heparin or dextran sulfate. A column chromatography using Cellufine
Sulfate (CS) was tested and demonstrated to cfficiently remove the contaminating DNA
band. Briefly, 2.6 x 2 cm (10 mL) column, was equilibrated in buffer A (1X SP (218 mM
sucrose, 11 mM potassium phosphate), pH 7.2) and the TFF-purified virus (A/New Caledonia
reassortant) was loaded. The column was washed with 5 column volumes of buffer A and
cluted with a gradient of 0-100% buffer B (1X SP + 1 M NaCl, pH 7.2). The flow rate was
maintained at 3 mL/min. The OD profile is shown in the left panel of Figure 12A. Shown in
Table 5 are the DNA content, total HAU and the FFA infectivity of the starting material, the

flow through and the elution fractions from the CS column.

Table 5. Cellufine Sulfate Chromatography

Sample

Total DNA
{Hg)

Total HAU
{Logqp/mL)

FFA Infectivity
{per mL)

TFF/ UF material

26.7

5.8

1.5 X1010

Flow Thru

12.7
(47%)

4.0
{1.6%)

6.5 X107
(0.4%)

Eiute

8.5
(32%)

5.75
(88%)

1.1 X1010
(70%)

[0300]
column were analyzed by agarose gel electrophoresis (Figure 12A, right panel). The DNA

The starting material, the flow through and the elution fractions from the CS
contaminate is present in both the starting material (Jane 2) and the flow through (lane 3) but
1s absent in the material eluted from the column (lane 4). These data indicate that the use of

this affinity chromatography resin is more effective than ultracentrifugation alone at

removing contaminants from culture media and host cells.

8.8.2. On Column Benzonase® Treatment
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be combined with Cellufine Sulfate chromatography. The scheme for degradation of the
MDCK dsDNA using Benzonase® On-Column Treatment is shown in Figure 12B.

[0302] The details of the process are as follows: The entire process is carried out at
5 22 °C (room temperature). TFF-purified virus is warmed up to 22-24°C before performing

chromatography as needed. Loading on the column is based on total virus infectivity unit per
FFA assay. Target loading on the column is 9 — 9.5 log;o FFU per mL of column volume.
The flow rates for equilibration, loading, washings and elution remain same (155 cm/hr)
except the flow rate is reduced as shown in Table 6 while washing with 1X SP buffer

10 containing Benzonase®. The column (1 x 15 cm) is equilibrated with 1X SP (218 mM
sucrose -11 mM potassium phosphate, pH 7.0 + 0.2) until the conductivity and pH reach 2-3
mS/cm and 7.0 + 0.2, respectively. The virus is loaded on the column and the flow through is
collected. After completion of loading, the column is washed (wash #1) with 1 column
volume (CV) of 1X SP and the wash is collected together with the flow through fraction. The

15 column is then washed (wash #2) at different flow rates (ranging from 0.33, 0.46, 0.65, 0.98,
and 1.3 mL/min for each experiment performed by repeating steps 1-3 with the same virus
load material) with 2.5 CV of 1X SP containing 2 mM MgCl, and 50 units of Benzonase® per
mL of 1X SP. After wash #2, the column is washed with another 2 CV of 1X SP (wash #3).
The virus 1s eluted from the column using 1X SP containing 1 M NaCl. The eluted material is

20 collected as soon as the Ajzgynm value reads 5 mAU and the collection 1s continued until Ajgg
nm absorbance value returns to 5 mAU. The column is cleaned with 5 CV of 0.1 N NaOH
and left in base until it is used again. The data for the chromatography run is captured in the
data sheet at the end of this protocol. Multiple copies of the data sheet may be made for each

chromatography run performed.

25 Table 6. Benzonase® Contact Time with Virus and Flow Velocity for Runs 1-5
Run Wash Volume | Flow Rate Contact Time of Flow Velocity (cm/br)
# (wash #2) (mL/min) Benzonase with
Virus (min)

1 2.5CV 0.33 102 , 25
2 250V 0.46 73 35
3 2.5CV 0.65 51 50
4 2.5CV 0.98 34 75
5 2.5CV 1.3 26 100

[0303] Residual MDCK dsDNA 1 the eluted chromatography fraction is quantitated

using the PicoGreen quantitation assay kit as described by Invitrogen. Fluorescence is
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6H20) 1MgEsuEed %H}géb% Meleqias Reyices Gppum ENdGlugreseanse pligh ader apgttigamount

of dsDNA degradation is calculated using SoftMax Pro version 4.8 software.
[0304] Table 7 summarizes the purification yields for several developmental runs

using both the Benzonasc® treatment in bag and the Benzonase® treatment on column.

5 8.9  Example 9: Preclinical Animal Models

[0305] The ferret is a robust animal model used to evaluate the attenuation and
immunogenicity of attenuated influenza vaccines and component vaccine strains. The
performance of cell derived influenza strains produced from the MDCK. cell culture are
compared to the same strains produced in eggs. Head to head comparison of these materials

10 in controlled studies enables a high level of assurance of the comparability of these viral
products.

[0306] In order to evaluate the ability of the two vaccines to infect or achieve a “take”
in the ferret, animals are lightly anesthetized and inoculated intranasally with either the ¢ell
or egg produced viral preparations. Nasal wash material is collected at several time points

15 following inoculation and the quantity of virus is evaluated by one of several available
methods in order {o evaluate the kinetics and extent of viral replication in the animals’ upper
respiratory tract. Experiments are performed with a range of doses and include multiple
strains and different trivalent mixtures to generalize the relative infectivity of cell culture
grown strains to egg produced strains. These same studies are also used to evaluate the

20 immunogenicity of the influenza strains, a property that is inherently linked to the ability of
the virus to intiate infection. Animals are bled and nasal washes are harvested at various
points (weeks) post inoculation; these specimens are used to assess the serum antibody and
nasal IgA responses to infection. The culmination of these data, infectivity, serum antibody
and mucosal antibody responses, will be used to compare and evaluate the relative infectivity

25  of'the cell-produced vaccine to the egg produced vaccine. The most likely outcome is
predicted to be that the cell and egg produced vaccine strains have similar infectivity and
immunogenicity. If the cell derived vaccine appeared to be more infective or more
immunogenic than the egg-derived product, further studies evaluating the possibility of lower

dosage are performed.
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Table 7. Summary of TVCC-1 Downstream Process
Dev Run [Dev 2 Dev 3 [Dev 4 Dev 5 Dev 6 [Dev 7 Dev § Dev 9 [CT™ #2
Strain A/Wis A/Wis A/NC B/Mal B/Mal A/NC A/Wis B/Mal B/Mal
Harvest (hr) 60 — 65 60 — 65 60 — 65 60 — 65 60 — 65 60 — 65 48 48 48
Column BPG200  [BPG200 PG200  |BPG200  [BPGI00 [BPGI00  |BPGIQO " |BPGI00  [BPG100
Loading (log10/mL) 8.32 8.73 .76 8.40 9.18 9.44 9.33 8.97 9.56
[Process™ TVCC-la |TVCC-la [TVCC-la [TVCC-1b |TVCC-1b [TVCC-1b  [TVCC-1b  [TVCC-1b  [TVCC-1b
VH Titer (CCD) 8.4 8.4 8.4 8.3 8.6 8.4 8.6 8.0 8.3
VH Titer (PD) 7.7 8.4 8.6 8.1 8.3 8.3 8.4 7.9 8.3
(Final Titer 8.3 8.5 8.5 8.5 8.9 8.6 9.2 9.0 9.7
Overall Yield § 60.9% 27.0% 6.3% 25.4% 22.0% 21.2% 30.4% 56.3% 57.5%
VH DNA (ng/mL) n/a 7200 5480 n/a 5720 10800 3440 2070 2050
Bulk DNA (ng/dose) | o/ 36.4 31.9 h/a a 0.4 03 0.06
APicoGreen
mwmw DNA (ng/dose) a 0.92 /a 0.23 0.18 0.032 0.164 o/
[VH HCP (ug/mL) 278 392 D69 D31 250 233 135 174 74
Bulk HCP {ug/dose) 1.10 n/a n/a n/a n/a jo/a 0.13 0.29 0.14
Benzonase® (ng/mL) 0.9 n/a 0.69 2.1 6.0 3.6 0.27 0.52 L.OD
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Hept ahydrate O
3X G ucose (459 4.5g/L L-dutam ne (200 mV) 4rr1\/| CD Lipids (100X) 3X Weat

Rubi di um Chl oride 1.21E-06 Sodi um Sel enite 0.000019 Sodi um Fl uori de

0. 0000042 Sodium Meta-Silicate

Sul f at e,

2.5q/L L»

Pept one (25%
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” Note:* TVCC-1a: Benzonase® treatment in bag; TVCC-1a; Benzonase® treatment on column
7 FFA assay based on Anti-NA instead of Anti-HA
Based on VH-PD titer



5ug/nmL T3 (5x10-9 M 5x10-12 M Hydrocortisone (10-3 M 5x10 43M PGE1 (50
pa/nt) 25ng/nmL EGF (1 pg/pL) 5u/L Csnolality360 pH7.2-7.4 Table

11. Formul ation of MI8B8M Insulin 20 ng/L PGEL 250 ng/L Hydrocortisone
5-11A4 EGF 5 1-lga- 8.11 Exanple 11: Gowth of Influenza Viruses to Very

Hi gh Titers [0330] This exanple describes the results of experinents
showi ng gr om%WIofAméFP&élf el immeunogeripity gad repliagion gmdics dreprifoamned muthe ed

i nf | uenzg e Vinbi§ €5 el Fuei% i Yalrkilived Yaccines with a single unit human dose.

Infection with ca/ts/att strains generally elicits strong and rapid antibody responses in ferrets.
In addition, individual ca/ts/att strains are routinely tested and shown to express the
5 attenuated (a#f) phenotype by replicating to relatively high titers in the nasopharynx but to
undetectable levels in the lung of these animals. The impact of cell culture growth on these
biological traits is also assessed. However, it is unlikely that any differences will be seen,
since the a# phenotype is an integral part of the genetic composition of these strains. The
growth kinetics and crossreactivity of these strains is evaluated following administration of a
10 single human dose in these animals. Live attenuated vaccines generated from egg derived
material elicit serum antibodies that cross-react with multiple strains within a genetic lineage;
and 1t 1s expected that a cell-derived vaccine will have the same capability.
[0308] These comparability evaluations should provide significant insight into
potential biochemical and/or biophysical differences of the primary virus product and
I3 demonstrate the impact of these epigenetic differences on the performance of the ca/is/att
straing measured by first passaging the virus in human cells or animal studies. Based on the
sequence information to date, there is no expected impact on the ca/ts/att strains
immunogenic performance resulting from production on MDCK cells.
[0309] Ferrets are a well documented animal model for influenza and are used
20 routinely to evaluate the attenuation phenotype and immunogenicity of ca/ts/azt strains. In
general, 8 — 10 week old animals are used to assess attenuation; typically study designs
evaluate n=3-5 animals per test or control group. Immunogenicity studies are evaluated in
animals from 8 weeks to 6 months of age and generally require n=3-5 animals per test article
or control group. These numbers provide sufficient information to obtain statistically valid or
25  observationally important comparisons between groups. During most studies Influenza-like
signs may be noticed, but are not likely. Ferrets do not display signs of decrease in appetite
or weight, nasal or ocular discharge; observing signs of influenza-like illness is a necessary
part of the study and interventions such as analgesics are not warranted. Other signs of
discomfort, such as open sores or significant weight loss, would result in appropriate

30 disposition of the animal following discussion with the attending veterinarian.
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Sparticul ar, these experinents resulted in virus titers of |og]o TCl D50/ nml
of 9 for four such viruses. [ 0331] MDCK subclone 1-A or 1-B are grown
in either MediV 105 or ML8M for three days post-seeding, then i mediately
prior to infection the growh nedia is renoved and fresh nedia, such as

Medi V ; 8M or M F12. nmediyum s I ted w .5 10g/L glucose, 4nM
gl ut amg;rc@, %3@?@%"(‘?“}%" ?lll #Rf?ﬂuﬁ'ge@ﬁ‘agé}g%ﬁ'dg@@%“éé‘ﬁs are then

i nfect ed Wi310] eTnRAaaMe QRIS SARS Fibé MR diadBikn AfRRGEabl&d- euat ed

i nfluenza viruses conprising the FluM strm backbone (e.g all the gene

segmeneeliusg ebprllstof dhraneentioni Mihiterrertaim afisucinmcgie et besn dasrtibed abews, frd NA
prot ei lLa. - ' NSk M, Vi etnam or B/ Mal aysi a.

15[ ossgﬁ?mf?a[g%uF“f%/sa[‘\‘?\rlevé%ofﬁ‘gg%%g’elﬁﬁ‘]ﬁg%ﬁ’%g%%f@rbee Thted in Table 12. Table 12
den®nst r at g3 11 haFokh@lagons U Q5um el el t Tdub’ Mink@h (Tdibemg of at | east

| ogo TCIL D50/l of 8.2 and as_high as a logio TCID50/nml of 9.1 at 2, 3, 4,
and 5 &&(ResiIsd O hedwetY odcadivé st 2400} 15 hasrumeiscq media forpadntiondha feRSiES a
suppl e ' .t ' | ' I, L.gn will

F ol ¢ O DMAIARL EEERL BBt S aRb o Y1 Mol sOUEHA" 0 11 1
of > | agdiafoimpgtion, @ whichtthahdrmongs/RRlorSarPRbdet d9RhdibatEdPIn Tbid 8ol ca A/ New
Cal edonia #1 9.0 + 0.06 9.0 + 0.12 8.7 + 0.00 8.7 + 0.06 7.8 + 0.06

Table 8. Hormones and growth factors added to serum-free media formulations
Name of Component Final Concentration
Insulin 5 ug/mL
Transferrin 5 ug/mL
Triiodothyronine (T5) 5x 107" M
Hydrocortisone 5x10°M
Prostaglandin E, 25 ng/mL
Sodium Selenite 10°M
10 [0312] Taub’s SFM is made fresh at the time of passaging or refeed by the addition of

stock solutions of hormone supplements to SF DMEM/Ham F12 medium + 4 mM glutamine
+4.5 g/L glucose + 10 M sodium selenite. 100 mL of Taub’s Media is made by addition of
100 uL of 1nsulin stock (5 mg/mLY) solution, 100 pL transferrin stock solution (5 mg/mL),
100 pL triiodothyronine (T3) stock solution (5 x 10™ M), 5 uL of hydrocortisone stock

15 solution (107 M) and 500 uL of prostaglandin E1 stock solution (50 pg/mL) to basal
DMEM/Ham F12 medium + 4 mM glutamine + 4.5 g/L glucose + 10 M sodium selenite.
All stocks solutions are prepared as follows:

[0313] Insulin Stock Solution - A 5 mg/mL stock solution is made by dissolving the

appropriate amount of insulin in 0.01 N HCI. The solution is passed through a 0.2 micron

20 sterilizing grade filter and aliquoted into Nalgene cryovial and stored at 4-20° C.

[0314] Transferrin Stock Solution - A 5 mg/ml stock solution is made by dissolving
the appropriate amount of transferrin in MilliQ water. The solution is passed through a
sterilizing grade filter and then aliquoted into Nalgene cryovial and store < -20°C,

[0315] Triiodothyronine ('T'5) Stock Solution - A stock solution is made by

25  dissolving the appropriate amount of T3 in 0.02 N NaOH to obtain a 10™ M solution. This is
stock solution is further diluted to a concentration of 5 x 10 ~ M stock solution with 0.02 N

NaQH, passed through a sterilizing grade filter, aliquoted into Nalgene cryovial and stored at
<-20°C.

78



ca A/ New Cal edonia #2 8.9 + 0.06 9.0 + 0.06 8.9 + 0.10 8.8 + 0.00 ca
ANVi sconsin #1 8.5 + 0.06 8.6 + 0.06 8.6 + 0.00 8.5 + 0.06 8.3+ 0.00 ca

ANVi sconsin #2 8.4 + 0.06 8.7

f0316] Hydrocortisone Stock Solution - A 10~ M stock solution is made by

dissolving the appropriate amount of hydrocortisone in 100% ethyl alcohol and aliquoted into
Nalgene cryovials. The vials are stored at 4°C for 3-4 months.
[0317] Prostaglandin E; Stock Solution - A 50 pg/mL stock solution made by

5 dissolving the appropriate amount of PGE1 in 100 % sterile Ethyl alcohol and aliquoted into
Nalgene cryovial and stored at < —-20° C.
[0318] Na, SeQ; Stock Solution - A 107 M stock solution is made by dissolving the

appropriate amount of sodium selenide in WFI water or MilliQ water. This is further diluted
in water to a final concentration of 10 > M passed through a sterilizing grade filter and stored
10 at 4°C.
[0319] Ferric ammonium citrate (FAC) Stock Solution - A 200 mg/L stock solution is
made by dissolving the appropriate amount of ferric ammonium citrate in WFI water or
- MilliQ water passed through a sterilizing grade filter and stored at 4°C.
[0320] Tropolone Stock Solution - A 250 mg/L stock solution is made by dissolving

15 the appropriate amount of tropolone in WFI water or MilliQ water passed through a
sterilizing grade filter and stored at 4°C.
[0321]) Formulation of MediV Serum-fiee Medias (MediV 101, 102, 103, 104. and

105): Each MediV serum-free media formulation uses Taub’s media as a basal media and
adds supplements as follows:
20 [0322] MediV 101: Taub’s + 2.5 g/L Wheat Peptone E1 from Organo Technie {cat no
19559). Wheat Peptone E1 is stored in water as a sterile 250 g/L stock solution.
[0323] MediV 102: Taub’s + 100 X chemically defined lipid concentrate from
GIBCO BRL (cat no. 11905) added to a final concentration of 1X.
[0324] MediV 103: Taub’s +1X final concentration lipid concentrate from GIBCO +
25 2.5 g/L Wheat Peptone E1 from Organo Technie.
[0325] MediV 104: Taub’s +1X final concentration lipid concentrate from GIBCO +
2.5 g/I. Wheat Peptone E1 from Organo Technie + 5 ug/L EGF (multiple sources).
[0326] MediV 105: Taub’s without Transferrin, +1X final concentration lipid
concentrate from GIBCO + 2.5 g/L. Wheat Peptone E1 from Organo Technie + 5 ug/L EGF +
30 0.2 mg/L Ferric ammonium citrate + 0.25 mg/L Tropolone.
[0327] M-32: MediV 105 having a glucose concentration of between 4 g/L and 4.5
g/L + Trace Element Solutions A, B and C (Table 9) at a final concentration of 1X.
Optionally, M-32 is supplemented with an additional 4 g/L to 4.5 g/L of glucose (M-32+()
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0.12 8.8 + 0.10 ca A/Vietnam#1 8.8 + 0.00 9.1 + 0.06 9.0 +
.00 8.2+ 0.06 ca ANietnam#2 8.8 + 0.06 9.0 + 0.06 9.1 0.06 9.0

[0328] MediV 107: another serum-free medium based on MediV 105 including
certain trace elements. The final formulation of MediV 107 in shown in Table 10.
[0329] Formulation of M18M Mediaq: in addition, M18M is another serum-free

medium that can be used to culture cells of the invention. M18M is a serum free medium

based on DMNSO-7 powder that contains supplements as set forth in Table 11, below.

Table 9. 1000X Trace Element Solutions A, B and C
Trace Elements Soln. A Trace Elements Soln. C
Components mg/L Components mg/L
CuS04+5H;0 1.60 AlCl3+6H,0 1.20
ZnS04+7H0 863.00 AgNO; 0.17
Selenites2Na 17.30 Ba(C,H30,), 2.55
Ferric citrate 1155.10 KBr 0.12
CdCl, 2.28
Trace Elements Soln. B CoCl,*6H,0 2.38
Components mg/L CrCl; (anhydrous) 0.32
MnSO4°H,0 0.17 NaF 4.20
Na;S103-9H20 140.00 GeO, 0.53
NH4VO; 0.65 KI 0.17
NiSO4+6H;0 0.13 RbCl 1.21
SnCl, (anhydrous) 0.12 ZrOCl,»8H,0 322
Molybdic acid, 1.24
Ammonium salt
Table 10. MediV 107 Formulation
Component I g/L

Salts

Calcium Chloride, Anhydrous 0.1166

Magnesium Chloride 0.0286

Magnesium Sulfate, Anhydrous 0.0488

Potassium Chioride 0.3118

Sadium Chloride 5.8600

Sodium Phosphate, Monobasic, Monohydrate 0.0625

Sodium Phosphate, Dibasic, Anhydrous 0.0710

Carbohydrates

MOPS 3.1389

Putrescine, 2HCI 0.0001

Sodium Pyruvate 0.0550

Nucleosides

Adenosine 0.0175

Guanosine 0.0175

Hypoxanthine, Na salt 0.0103

D-Ribose 0.0175

Thymidine 0.0004

Uridine 0.0175

Amino Acids

L-Alanine 0.0223

L-Arginine HCI 0.2739
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B/ Mal aysia #1 8.5 + 0.00 8.5 + 0.00 8.3 + 0.00 8.2 + 0.06 7.9+ 0.15 ca
g?wh{aysig #2 8.5 + 0.00 8.4 + 0.00 8.3 + 0.00 8.2 + 0.00 8.12 Exanpl e
12: Single Use Bioreactor Process [0333] The standard bioreactors or
fermenters (i.e., stainless steel or glass reactors) typically used for the
productjon of vaccine material require cleaning, sterilization and

val i dat [ oiREOBEEBach use. To mitigaté tHeossedd for cleaning and

val i dat |l lofsPartidisidosabl e 0.0333
L-Cysteine HCI H,O 0.0686
L-Glutamic Acid 0.0368
Glycine 0.0338
L-Histidine HCI H.O 0.0735
L-Iscleucine 0.1069
L-Leucine 0.1115
L-Lysine HCI 0.1638
L-Methionine 0.0323
L-Phenylalanine 0.0685
L-Proline 0.0403
L-Serine 0.0473
L-Threonine 0.1011
L-Tryptophan 0.0192
L-Tyrosine 2Na, Dihydrate 0.0918
l.-Valine 0.0997
Vitamins
d-Biotin (vit B7 and vit H) 0.0000035
D-Calcium Pantothenate 0.00224
Choline Chloride 0.00898
Cyanocobalamin (vit B12) 0.00068
Folic Acid 0.00265
myo-inositol 0.0126
Niacinamide 0.00202
Fyridoxine MCI (vit B6) 0.002031
Riboflavin 0.000219
Thiamine HC! {vit B1) 0.00217
= Linoleic Acid, sodium saft 0.000045
® DE-Lipoic Acid | 0.000105
Tropolone 0.00025
Trace Metals
NH,VO; 6.5E-07
AgNQO; 1.7E-07
Aluminum Chloride 6H,0 0.0000012
Ba(C;H30,), 2.55E-08
Cadmium Chloride (CdCl,) 2 28E-06
Chromium Chloride (CrCly, anhydrous) 3.2E-07
Cobalt Chioride 6H,0 2.38E-06
Cupric Sulfate, Pentahydrate 0.0000029
Ferric Nitrate, Nonahydrate 0.00005
Ferric Ammonium Citrate 0.0014
Ferrous Sulfate, Heptahydrate - 0.000417
Ge(s 5.3E-07
MnSO, H50 1.7E-Q7
Molybdic Acid ammonium Salt 1.24E-06
Nikelous Sulfate (NiSO, 6H,0) 1.3E-07
Potassium Bromide 1.2E-07
Potassium lodide 1.7E-07
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5cell culture process has been devel oped using di sposabl e bi oreactor

technol ogy. This process allows for a shortened processing tinme, provides a
significant cost savings and reduces the infrastructure required for
production of vaccine material. The process nmakes use of a Single Use

Bi or eac SHdS B igNumer ous  SUB systens recommercially avail abl e and nmay
be uti & 'JF§H e qiﬁ &% rocess involves growth of SF

1< }JI ULTSOS DI I CI I y,

MDCK ¢ feily &) r%t—m—eﬁeeaﬁﬁreﬁﬁ—ﬁ—g%ew— 3 gm for -4 days, followed by
i nf ect 861 —&albs—with—the—Rfttdenrzafv ter performng a nedi um
exchange2d™ ME%TS&E?tﬁog e growt h he infection nedium

Al t er npSterrsiug Chirideect i on of the cells
di r ect | ginc Gilfate, Heptahwdiate exchange. The
adher entroangHpmy be obtai ned fromrol
cul turp method used for growt h of 1ba

st udi esogrressbéaihed that while agitat

w tIIREtddg i nfl uenza virus may proceed
c®loos295dr seedi ng the SUB may be

er; etgslles or other readily scal able
herent del | s. [0334] Pil ot

ion ratgs of 50-100 rpm supported

cel | orgptd certs grown at 90-100 rpm ead 5 i nproved cell growh. Hi gher
agi t at Fgf.d.at G5, JeT e not—tested T thgse gfts Hiles. Pilot studies also

denons I'_-ﬁ"ﬁu?a(r ind 3 ﬁ"iM)” crocarrier concgntraj fon of about 2-3 g/L and a cell
seedin CHEI%EE%DR =9, Ox104 —cettsint \LUllca%%ldS 20to -10-15 cells/ M) | ead
to i nproyed_cell ngth and—vi+al—y+ehds—A-gqdditi on, the use of a gl ucose
suppl e Wheal BEans (G5B o oot t e Aproded-del | growth and viral vyields.
Based 1‘?5"{"3%5319@% other—pitot—studies S@#ﬁ’é&hods with and without a nedia
exchange @M o Hf-ecti-on—were devel oﬁéﬁ) Wi12.1. Mmaterials 25[ 0335] The
A SUB ERyh W'ﬁ@f}%r(l\o (Wmlnnn Part_Nos.| SN 01, SH30720.01 and
SI—BBl?dﬁQ@lL?@\Ré’E‘LI)NM for this set of |ex3®¢Ments. The SUB consists of the
t hree pEERErNEMbmmonents: 1. Quter supportSuglnt ai ner with a nixer drive

conplete with control unit and an electrical H
Bi or eac®¥POBlitYPr ocess Contai ner (BPC) - comdfi0dte with nixer, sparger, vent
filterlPthlet and outlet ports_ plus porfi&7#or li ntegration of sensor 30

pr obesTagﬁduS M xg§ nﬁlﬁgm’“ gpg,u\gwlch is inserted into the bioreactor BPC

t hr oug e _m xing driVe ‘ndtor and |ocks into the di sposabl e agitator
assenb| y. Nunerous cystom alterations can} bermrdant@nosae Of nore conponents
of the| SUB appar at us; OB anpl e the outi et pghéenradén be énl arged to

eater jacket, 2. Single-Use

facilif me mcrocarrier
filtergga ot Paei i VA tHaIRd 4 36] Medl V 105
(see sectF@ﬁcath:)mﬁﬁ cvadd (VAIQ@t@dld@olﬁn : 4.5 g/Liglucose (final
concenftration 9.0 g/ L(log@t)erred to as " I\/bdl Vv 105341'@’5L is utilized as the
gr owt hrS—redrum—When—vedt-vy—3105—+s—ut+t+rzed—tie—~cutureay be suppl enent ed
with 20mM of O udgdeetByerpGlysok o 3 post-ijnocul at78-to preVent gl ucose
depl etj on. The hi ghrﬁérch}ﬂbéth@ﬂolm ucose concent r atysopnof MedlV+G can
el i m ngtethe need qIULUbE supptementattorm; 68371 The infection
medi unconsi sts of W?P@Ele G ucose, G ufani me*Am® HypLE|sel ect. Table 13
shows [ he corrponentsTﬁ;yékﬁl@ncent rati on off each |51“M1e infe¢tion 10 nedi um
Tabl e g3 tmfection Wﬁ T Component i mat L,Ullbclilg il omAmunt Added per
liter pf DVEM F12 WheatPeptone g
2-Hydroxypropyl-b-Cyclodextrin 125 mg/L
L-Proline 183.4 mg/L
Copper Sulfate 1.6 png/L
CS5-20 (cholesterol source) 25 mg/L
Chemically Defined Lipid Concentrate (CDLC) 10 mL/L
Triiodo-L-Thyronine Sodium Salt (T3) 5 pM
Sodium Bicarbonate 3.024 ¢/L
Glutamine 4 mM
Choline Chloride 50 mg/L
L-Serine 60.9 mg/L
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DMEM F12 1L/L 1000nmL d ucose 4.5¢g/L 10 nL L-d utam ne 4mM 20 nL TrypLE
Select 1:33 to 1:100 20 nL 8.12.2. Method Wth Medi a Exchange [0338) A

m crocarrier stock solution is prepared by swelling the mcrocarrier in
buffer followed by a buffer wash and sterilization. Prior to use the buffer
i s renpved—and—the—i5approprate—ediais—added—For exanple 60g of Cytodex
3 mcrqcarrier (2g/L ofl’lslﬂinal wor ki ng vol une in 20UBY/1is soaked in 3.0 L of
Ca2+ and M2+ free PBS pH 7.4 (50 nL7g{Cytad n a oL gl ass feeding
bottl e Hor.at least 3 mlErlc at rnnmrprrpprature%él)l}g}lsuoer patant is then
aspi ratled out and rEplacedissid h 1.5 L of firesh Cax2+nvand My2E free PBS of pH
7.4. The mcrocarriers lﬂil“e then steriiized by aotoctavimg tihis feed bottle
at 121de_for 30 20m nut lust prior to ilnocul api¥8l-t he PBS solution is
aspirated off and 4.0 L of DVEM F12 nediumis added and the sterile
mcrocarriers are added to the SUB under sterile conditions. Alternatively,
t he Cyt®lkx BrxampleddatrpetlsoChnfluenzsVamisés teeryHightTitegs . €., i nsi de SUB

bags) usin Lrradi ation. .[0339].,C on :B cells for seedin he SUB are
obt ai ned bgoé%(gl ifnhgé %Xpalﬂp?%ﬂ‘%sfrl%slo%ﬁesﬁgs ?1nf Qperipgnts éhfa’FlBgé?%%g 0} n Medl V 105
or Medlt¥nperatees eonsitivaycoBadupeddatd uBefrdOhNonsa vRsday vdrythavini ay into a
T-75 flask; on day 3 split cells into T-225 flasks (seeding density :=--
5x104 J¥IHQYar thescopperamrents sgspited imaiius titis of loglo 16 Dednt 0% fof fewdiucly densi ty
6. 7x104,68Ld s/mL); on day 10 split cells into additional roller bottles
(seeding density 6.7x104 cells/nmL); on day 14 the cells from-30-36 roller
bottl es ar 033 pVIDiCKeshbeltlc Usedr 1 B hk@esl @ irceiBdBMIAOY e8< boK1 aMTRE

i nocul e}él 02 arameters are_indicated in Table 14. Pool ed trypsinized cells
col | ect'¥FCARERPLPIcER SR fugedipiely prprse spreipn Hhetgiewupediomainaiely Oyt odex
3 m cr QgarFk®e hdian ; [ mtg ' | um addi ti on
| i ne of thee's Bflg%dig’s?lﬁg a%%ﬁ??%%%%%m /g?ggf}td&{hggdp%ge%&l %lgeds‘ﬁ%b%lénent ed
wi t1R 2@ hituepsss dmd ghitataipe,3ing dsypl i Oc 0@ t(Invitrdgen pisedésd. Gglsueosen depl et i on.
[ 0340] iTegt gel. s ar ertaq]rfﬁvm for 4 da%(s un@er thg %{eowth paraneter conditions
det ai | & “FR° PAY EsPertatfnpsp e sepit Yo cPWepdartchiticReiohislugass vimsesr ol | er
i ni ti aldoyhpbiying pas MuRAstOOBaABEn e, J. AliPth | se
( NaOH, 1Mp. is control | ed a‘f@g '50% agﬁi&gﬁ%n%%%ﬁgﬁg%%?o Itgr by
spar gi A 62d Npuprotfgnse end thgrbvend N proteamst fadsh é\/New OBedopiahd/Weschigh, as
10100% 4 tf?{rﬁpor%?]\/fa?é%ﬁs 35% Tenperature is controlled at the appropriate
val ues with the '

15 [0332] Results from one experiment are presented in Table 12. Table 12

demonstrates that these procedures can result in viral titers of at least log,o TCIDso/ml of 8.2
and as high as a logio TCIDse/ml of 9.1 at 2, 3, 4, and 5 days post infection. These data
indicate that a media change or a supplementation of depleted nutrients prior to or during

infection will result in increased in increased viral yields.

20 Table 12. Growth To Titers of > log;y TCIDsy/ml 8.0
Strains 2 DPI 3 DP 4 DPI 5DPI Cantrol
ca A/New Caledonia #1 9.0+0.06 9.0x+012 87+000 | 87+0.06
ca A/New Caledonia #2 | 89+0.06 | 9.0+006 | 89+0.10 | 8.8+0.00 782008
ca A/Wisconsin #1 B.5+0.06 86+006 | 86+0.00 { 85+0.06
ca A/Wisconsin #2 8.4 +0.06 87+0.06 | 89+0.12 88+0.10 8920.00
ca AVietham #1 8.8 +0.00 91+006 | 9.0+0.10 9.0+0.00
ca AlVietnam #2 | 88+0.06 |90+0.06| 91+006 | 9.0+0.10 522008
ca B/Malaysia #1 8.5+ 0.00 8.5+0.00 : 83+000 82+0.086
ca B/Malaysia #2 | 85+0.00 | 84+0.00 | 83+0.00 | 82+0.00 792015
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Hycl one controller. Agitation is controlled with the Hyclone controller at
100 rpm Table 14.1nocul ati on Paraneters Wrking Volunme 30+1 L Mcrocarrier
(MO) concentration 2 to 3+0.2 g/L Amount of microcarrier 60 to 90+1 g Cells
I MC (cal cul ated) 15+5 Seeding density (cells/nL) 9.0+1.5 x 104 Table

(o, 1) Yis ERORRELS st Bl Mot RO PebERY onl =350 [ cont ol Led af 503 02
Fl ow rate [0838] nTiit stahd4rd BlordacthrOofeaPhibils ¢, | Aditlebymed] BH plasq lehdtoR)
0. 20+0'ty0pAifcally used for the production of vaccine material require cleaning, sterilization and
validation before each use. To mitigate the need for cleaning and validation a disposable
5  cell culture process has been developed using disposable bioreactor technology. This process
allows for a shortened processing time, provides a significant cost savings and reduces the
mfrastructure required for production of vaccine material. The process makes use of a Single
Use Bioreactor (SUB). Numerous SUB systems are commercially available and may be
utilized in the process. Briefly, the SUB process involves growth of SF MDCK cells on
10 microcarriers in growth medium for ~4 days, followed by infection of cells with the influenza
virus after performing a medium exchange of replacing the growth medium with the infection
medium. Alternatively, infection of the cells with the influenza virus may proceed directly,
with no media exchange. The cells for seeding the SUB may be adherent and may be
obtained from roller bottles or other readily scalable culture method used for growth of
15 adherent cells.

[0334] Pilot studies demonstrated that while agitation rates of 50-100 rpm supported
cell growth cells grown at 90-100 rpm lead to improved cell growth. Higher agitation rates
were not tested in these studies. Pilot studies also demonstrated that a microcarrier
concentration of about 2-3 g/L and a cell seeding density of ~9.0x10* cells/mL (corresponds

20 to~10-15 cells/MC) lead to improved cell growth and viral yields. In addition, the use of a
glucose supplemented media also resulted in improved cell growth and viral yields. Based on
these and other pilot studies SUB methods with and without a media exchange prior to

infection were developed.

8.12.1. Materials

25 [0335] The A SUB from Hyclone (Hyclone, Part Nos. SH30715.01, SH30720.01 and
SH3B1744.01) was used for this set of experiments. The SUB consists of the three primary
components: 1. Quter support container with a mixer drive complete with control unit and an
electrical heater jacket, 2. Single-Use Bioreactor BioProcess Container (BPC) — complete
with mixer, sparger, vent filter inlet and outlet ports, plus ports for integration of sensor

30 probes, and 3. Mixer Shaft Rod which is inserted into the bioreactor BPC through the mixing
drive motor and locks into the disposable agitator assembly. Numerous custom alterations

can be made to one or more components of the SUB apparatus, for example the outlet port
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15 [ 03411 Infection is done at 4+0.5 days post seeding. Prior to infection,
a nuclei count may be perforned. Cells should reach between 0.5-2. 0x106
cells/m at this tinme and are generally expected to reach a cell density of
at |l east -1x106 cell s/rrL After the nuclei count if desired, all control
| oops are dIS bl ed E@ﬁ’gm cro car |er beads. are allowed to settle for 20

- 45 mi n{fPE enRTgRedp ?ﬁﬂétfi‘ st gd m Horrgs etlapapd m-Hee greaearieedi um i s
punped ks oG ARALCSHERGR e | Of {he SUB and (i ocl| on meal um

i s added through the medi um addition port to a final volune of 30L.
Appr oxi mat e[l0§3 0-Wi4dlV 30%(seesmtionl 8 dAjlot Med BahEs plnmamhdcbﬁoﬂaﬂ éshyinfection

h d y % xchange.
The par dRsRERE™ gprichrddin £ Bl etirie AR, Viedly B ko s wibatd™s heepatamet or s
for s nfxﬁsdmmn WK RETWOH 3Rt B4 fﬁglch@ﬁr’e%y%%gyﬂeﬁl%J Shmefoiy’cg 33 (+0.5)
CpH 7.4 (+0.1) Dissolved Oxygen (DO [Air “saturation] >35% ntrolled at

50%_| 0K ks aneday 2 tesbxastrivocylation w)prqvemglugoplénom Tm bgﬁel\l;uafxmulrﬂ ( tL/ i P)
t, an t icity o
os s BT T SR A S,

of viruses [0B3AL Hadaftction Seklub consists of DMERM/FEEIG18cds8, GWRmindRdd (FFU cel 1)
/[ 10viws FFATiter (FFU nL) x1000. Alternatively, to mnimze process steps

%103 FRUPHE sglectyiTabke lr{ﬁas}aowé theg@awpongns gndpgqnicentration of each in the infection

10 medium,

Table 13. Infection Medium
. . Amount Added per liter
Component Final Concentration of DMEM/]IT) 12
DMEM/Fi2 1L/1 1000mL
Glucose 4.5¢/L 10 mL
L-Glutamine 4mM 20 mL
TrypLE Select 1:33 t0 1:100 20 mbL

8.12.2. Method With Media Exchange
[0338] A microcarrier stock solution is prepared by swelling the microcarrier in
buffer followed by a buffer wash and sterilization. Prior to use the buffer is removed and the
15  appropriate media is added. For example 60g of Cytodex 3 microcarrier (2g/L of total
working volume in SUB) is soaked in 3.0 L of Ca** and Mg"* free PBS of pH 7.4 (50 mL/g
Cytodex3) in a 5L glass feeding bottle for at least 3 hours at room temperature. The
supernatant is then aspirated out and replaced with 1.5 L of fresh Ca** and Mg®* free PBS of
pH 7.4. The microcarriers are then sterilized by autoclaving this feed bottle at 121°° for 30
20 minutes. Just prior to inoculation the PBS solution is aspirated off and 4.0 L of DMEM/F12
medium is added and the sterile microcarriers are added to the SUB under sterile conditions.
Alternatively, the Cytodex 3 microcarriers can be sterilized in-situ (i.e., inside SUB bags)
using y-irradiation.
[0339] Clone 1-B cells for seeding the SUB are obtained by scaling up from 1 frozen
25 wvial. Cells are grown in MedIV 105 or MedIV 105+G and may be scaled up as follows: on
day 1 thaw vial into a T-75 flask; on day 3 split cells into T-225 flasks (seeding density =
5x10° cells/mL); on day 7 split cells into roller bottles (seeding density = 6.7x10" cells/mL);
on day 10 split cells into additional roller bottles (seeding density = 6.7x10" cells/mL); on day

14 the cells from ~30-36 roller bottles are trypsinized and used to inoculate SUB bioreactor.

85




correspond to an MOT of -M 001-0.003 FFU cell. Under these conditions the
anmount of virus in AL added to S. U B 1010343] = Volune in reactor (nL) x
2x103FFuhm / Virus FFATtter (FFU nmL) x1000. [ 03441 I n-process sanpling
Jetpltfiizeclat seven steps for nonitoring. Pre-infection 2x 10 m. of cell
suspens i | e Lk to 4 post seedi r nucl ei
count . ThF Dl fOL R Bt iR el bRl CEM AR "N
anal yssm st botidset irambietrcdXothsSUBIcebtadiify Gy@dex ®mitkdyardcania 3ddyof3 post

i nfection., 15The sanples are stabilized with_ Sucrose Phosphate (ratio of
Sucr oseFhodsHagdiumn shrgpghthe dngrulum additionrHaeof the B ausing 3 Perpalie pyrap,

10345] 0F PSRRI L B¢ bpRmentie sl o0 Y CHBcAsB B a3 SBHR DN hGraiht T3 2
coni r oglueos: depletibe. SUB and Applikon are turned-off and the mcrocan-iers
| t tle f t | t. 2045 min. Then th natant i

Fr anef er r o8l 2Tkt effla6F eitapdBanre DHAGEIE ERABRG FoI WA LYl

phosphat At 19 Ehptia EuoHAT ﬁsiﬁ%mkeﬂeéﬁmr&;ini\tﬁarw%i’g@ﬁgﬁgt@: 9). The

Sucr ose phosphat e shoul d be adde ume and not by 8.12. 3.
Resul t sndfittiteMpdiveesExghabyg eddioguét (Satbhid Moe PO ey @napbed dte 5086 ubing tiof

mul tiple SUB prodyction runs.testin he 25differe ium. i nocul ation
and | hAEREro P L vePer e O B e SaRt Pdh e Shbis OROCURYGAS BrEtrbl o 18,
al 19 t heporanhatipsties g dsvestehipRehth iPestirontd & thé bpoprift valued RABHS. 0 1 0p)
FFU nL denonstrating that the SUB process wi th nedia exchange is robust.

[ 0347] Hielone pent@ilivn| Agatnps eenimolled mithihe Hgelpne oentmilet iel Oirprmocarri er (MO
concentration was 3 g/L of working volunme (30L) and the cell seeding
densi t fabsi410 cel InothM3tion Pa®adrte@st cel | s/ nL The cul ture was suppl enent ed
W t h 20 G gcose—on—day—3—post=rnoctt gfi—to—revent gl ucose
depl et uiw\'l...(.)rlé v.\lh%"?“c! ohe 1y_B J;s used andﬁjﬂsh, eelH—5densi tg reached -1.3 X
106 cellMicrocamgfMiahconcadiation nocyl at iot 0P 2 %hmi ni ng growth paraneters
shown [ ANTPHR G MISrogRrsT naj nt ai ned a ] ughout the growth phase.
Tabl e [1QelshbiS(dahalatal)l growt h dataland t Hé+foubling time for the
B/ Mal aySdedingrdedsist (colts/mip. The cel | | gr a4l surlv@ is| plotted in Figure 13,
as well as, the netabolite analysis of glucose, Tactate, glutam ne and
anmoni um i on concentrati on neasured by Bioprofile for the 10B/ Mal aysi a
produclpBl¢ un. TabrevdrPaametasowt h Time (h) Total Cell Density x106
cells/ ”kgft&?ﬁ')ﬂ' ing Time () 0.71570.709 40@_110%&1u
Temperature 37 (£0.5) °C
pH 7.4 (£0.1)
>35%
[Controlled at 50%]
0; Flow rate {maximum] (L/min) 1.0+£0.2

CO; Flow rate [maximum] (L/min) 0.20+0.04

Dissolved Oxygen (DO) [Air saturation]

15
[0341] Infection is done at 4+0.5 days post seeding. Prior to infection, a nuclei count

may be performed. Cells should reach between 0.5-2.0x10° cells/mL at this time and are
generally expected to reach a cell density of at least ~1x10° cells/mL. After the nuclei count
if desired, all control loops are disabled and the micro carrier beads are allowed to settle for
20 ~45 minutes. A medium exchange is then performed where the growth medium is pumped
out through the medium exchange port of the SUB and infection medium is added through
the medium addition port to a final volume of 30L. Approximately 20-24 L are removed and
the same amount of fresh infection medium is added. This corresponds to approximately 66-

80% medium exchange. The parameters for infection are given in Table 16.
25
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141.55 46.00 0.30 15.35 65.33 0.60 19.57 70.00 0.69 21.84 88.83 1.30 20.61
10348 Doubling tinme is about 20h during the exponential phase. On day 4
post seeding -67% of the nedi um was exchanged for infection nedium (see
above) containing TrypLE select at a final concentration of 1:100. The
cells V\ﬁ.rg hgen infected with 15B/ Mal aysi a/ 2506/ 04 at an MJ of 0.001

FFU cel M2Pdee- i nf e b3ameters dortndedtionnown in Table 16 were mai ntai ned

t hr oughoworiliRe voi@CT T 0N phase. Sanpf es [ai%‘bﬁl at—2 and 3 days post

i nfectiof,tARL,) Were anatyzed using-the Fuordescent Assay (FFA) to
d : glsa HEFIIONEEHETY 2PN SHE VTR BV \i riic &jbm i
eter mmg_ t e virus—afectivity—Virps—tHEer—was-seqn to peak at -2 dpi at
around (8- H5EH, — A k A )t erd obtai ned using TrypLE
at a fi|dl _concentration of 1:100 friom thi4GEhD several 20other runs were
at | east i F .|l ower. tjtiers werk%ccasi onally seen (data not
shown), %Iﬁs Q\éécgﬂ%)éﬁgg% ‘%Eéatgléaﬁlgthrmdnﬁnﬂleﬂ&f #8019 1:50) were generally
used. 02 Fﬂ;&Bﬂ&l[m‘ﬁmnﬁhljﬁ(mﬁﬁy@ wer e [perfonne@usingia mcrocarrier
concentr@hz elbvPiate ndxmaR (IVRHL)Y 1050 a%).i{)'&%,(ﬂ' ova'r medi um wi t hout any

addi ti onal—gtutose supprenentation—MBEK—Stbetone—31-B was used at a seeding
density of 4 cell.s/nL (carrespo to-is .25 cells/IMJ). Prior to

i nfection -@3%%%@%‘?&4% HW&?@?%@(@W&%@&(MHBIWF%EEI@@{‘QEiOﬁN&O(Hdded at a
final c@oeERFUALIORfDo hiekBnUSHEoHAN B) or 1:50 (SUB run C). The cells
were infected at a virus concentration of 2x103 FFU nL. The peak viral

titers for Ameset ofiyirssasen el @ded todyUB FFU mL A/ W sconsin (SUB run B) and
8.7 | ogm FFU. Al New e [ UB r i) P ATier 03501 Si x additional
production 1 alf%%nrsﬁé X%?Bﬁ fSP("\f(/@‘SQ /BBF’f oI;rF?r%d(EE&]%)a"l_rﬁO@r ocarrier
concent ARérn@ivedf, t@nﬁﬁhqiz@”ﬁoéé@,gi&t}e’pslﬁét@FP@/rﬁﬂ%fg{g&%& H@Q&%@ ‘ﬁ‘h&*\?ﬁﬁt any 5
As bef e su -B was

addi ti onal gl ucose suppl enentation. efore t cl one
used atCoResRWd;tagn fiy0. @Y1 -0.000RA04 e e Undérrthesewbidiiomethe amonnies pongds t o

-15 cells e ining growh paranmeters were naintained as detail ed
oshh 4’?5“6%%@%‘10.5 post seeding -66% of growth nedia (MedlV 105+0)

veri@ renmoved3fn)d Eheigade RERENMIO x hRI GGH PR TEGY usTFes ?I@ 13 npnas

added contai ning TrypLE sel ect at]gaX final concentrati one‘%gig : 3@00The

cells were I iln syisaminting Arddedues ined b jubili20) B Ycvetd\Weps forsi n/ 67/ 05; or
C

B/ Mal aysj 6504, oy 'r -“* ntration.of 2x103 FFU L and the
ot ect st X iy B EBEEAM SRR 100 G et oo e
i nf ect ipont whéisg forelcpedlat \pidtates bid @FBaridhcthh@itSBudHBS I RRAIRNRMAd N Tabl e
18 and ]}rlﬁnge fromg8.55-8.75 I%o FFU nL. The growt h, gl ucose, |actate,
4

gl ut ani ARPLETISEIATESion grioml sampley we deraendilye? el dayat pasemfiection. SUB

15 The samples are stabilized with Sucrose Phosphate (ratio of Sucrose phosphate to Virus sup =

1:9). These samples will be frozen immediately and stored at -80°C and may be used to
determine viral titers.
[0345] Virus harvest is obtained on day 3 post infection (+/- 12 h). The controllers on
the SUB and Applikon are turned-off and the microcarriers are allowed to settle for at least
20 45 min. Then the supernatant is transferred 1o a sterile disposable bag and stabilized with
sucrose phosphate at a 1:9 ratio (V/V) (Sucrose phosphate: Virus Harvest=1 :9). The Sucrose
phosphate should be added by volume and not by weight.

8.12.3. Results With Media Exchange
[0346] Summarized here are the results of multiple SUB production runs testing the
25  different medium, inoculation and infection parameters described in section 8.12.2. As
shown in Table 18, all the variation tested resulted in peak viral titers of at least 8.0 logie

FFU/mL demonstrating that the SUB process with media exchange is robust.

87



15 run A (see Figure 13 and data not shown) Table 18.Peak Viral Titers for
SUB runs SUB run Peak Titer (logio FFU nL ) Virus SUB run Peak Titer
(logio FFU ) Virus A 8.0 B/Malaysia F 8.7 A/ New Cal edonia B 8.4

A/ Wsconsin G 8.8 A/New Cal edonia C 8.7 A/ New Cal edonia H 8.6

[0347] For one B/Malaysia production run (SUB run A) the microcarrier (MC)
concentration was 3 g/L of working volume (30L) and the cell seeding density was 10
cells/MC or ~9.0x10* cells/mL. The culture was supplemented with 20mM of Glucose on day
3 post-inoculation to prevent glucose depletion. MDCK subclone 1-B was used and the cell

5  density reached ~1.3 X 10° cells /mL by day 4 post inoculation. The remaining growth
parameters shown in Table 15 were maintained as described throughout the growth phase.
Table 17 shows the cell growth data and the doubling time for the B/Malaysia production run.
The cell growth curve is plotted in Figure 13, as well as, the metabolite analysis of ghicose,
lactate, glutamine and ammonium ion concentration measured by Bioprofile for the

10 B/Malaysia production run.

Table 17. Cell Growth
Time (h) | Total Cell Density | Doubling Time (h)
x10° cells/mL
0.15 0.09
21.67 0.10 141.55
46.00 0.30 15.35
65.33 0.60 19.57
70.00 0.69 21.84
88.83 1.30 20.61

[0348] Doubling time is about 20h during the exponential phase. On day 4 post
seeding ~67% of the medium was exchanged for infection medium (see above) containing
TrypLE select at a final concentration of 1:100. The cells were then infected with

15 B/Malaysia/2506/04 at an MOI of .001 FFU/cell. The infection parameters shown in Table
16 were maintained throughout the infection phase. Samples taken at 2 and 3 days post
infection (dp1) were analyzed using the Focal Fluorescent Assay (FFA) to determine the virus
mfectivity. Virus titer was seen to peak at ~2 dpi at around 8.0 log)o FFU/mL. While the
peak viral titers obtained using TrypLE at a final concentration of 1:100 from this and several

20 other runs were at least 8.0 log;o FFU/mL, lower titers were occasionally seen (data not
shown), and so higher TrypLE concentrations (1:33 to 1:50) were generally used.

[0349] Two SUB runs were performed using a microcarrier concentration of 2 g/L
and MedIV 105+G as the growth medium without any additional glucose supplementation.
MDCK subclone 1-B was used at a seeding density of ~9.0x10" cells/mL (corresponds to ~15

25  cells/MC). Prior to infection ~80% of the medium was exchanged and TrypLE sclect was
added at a final concentration of 1;100 (SUB run B) or 1:50 (SUB run C). The cells were

infected at a virus concentration of 2x10° FFU/mL. The peak viral titers for these runs were
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A/ Wsconsin D 8.6 B/Malaysia | 8.6 AAWsconsin E 8.7 B/ Mal aysi a 8.12. 4.
Results Wthout Media Exchange [0351] Elimnation of the nmedia exchange
step will reduce costs and inprove process efficiency. Initial testing at a
TrypLE dilution of 1:100 (-0.01x) suggested that conditioned 20 growth

medi a nor onponen which inhibit the action of the
TryPLE B CEURRh A MSCOREN S U B9 o4 § 2405 a4FH b/ SRusirpledopia GUB

experi ngRts. were perfornmed in which the concentration of TrypLE was vari ed.

Briefly, cells grown in a 2L bioreactor for 4 days under standard
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hake flasks with diff | h TrypLE
>5concantIaeroneon sy i LR AR B I U7 b hRereiP dburm oy

di f fser exdditthn L haRs 56 @rﬁéﬁtﬁtﬁiﬂ Q@ba&r&nwﬂ:ﬁ:ﬁ@%ﬁ&l&WB%M@ 430 01%); 1:50
(-0.02x); 1:33 (-0.03x 5 (-0.04x). Flasks were sarrp? at 2 and 3

dpi f orscedipg §e¥ﬁlfb’é%ff9'ﬂﬁé0 \Aeﬂaflmlz ivthaghshere boragspentisfior-12 aclks/M€diThm exchange

ratio 1.n. Fi I 4 t hat even
wi t hout anﬁ%ﬁ% L)ar %tﬁgsl o 3*9‘1“3‘??9% %e%%li. dAn5§B%%§3%I§$aéﬁﬁg% P3Stt er
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shoul d yield an _high titer w thout any nedi um exchange. A simlar

exper i rfEFﬁc“%gleB‘é‘F”f 6?‘?@%?15@ Ihygrsdded egprimingclonp kR selagtiab a inalBonedrityation

notiher l.4ur ate shake
(T ates S Phohs HADAEE Bt ff WREY R SO R At Bpl BRGS0 ,

TrypLE I&/Mnimtaﬂﬁaémﬂls:)t ajvirsis cqnmemraticm dfithkeCt FRIVME hik 1Aé N&wﬁal;@@m&@s The
peak vi rhal tfeg \3%5 det er m, nctj gﬁ and 3 dpi and plotted in figure 14B.
Here, VIPPRP iR {ERlp 46 gterg raiained thegnegontdha nfRstion pbessi Jba e vies diters Fst ti me

W L hout g BUEAeXGRARGEn iTHASE 1 IR, ACHGRI €53 B3 (606 FHOARLI TR o TIELE

concentration i s between 25-1:12.57dilution an
concentglegdsadactyt, gntaplite édxd armunomnmrlow profilesabery neﬂnﬂaraﬁascemaos;beh hessUBesul ts

praod n-of t ddi tiogn ral strains, B/ Malaysial2506/04 and
ANlelgt nan?%zeég Bl ER ?“g&r&ﬁ] ﬁ%‘?ﬁn\svm th and without nedia exchange (using
e artos 8 oo i ek Sard Tl PRSUBERRS vir ol 1iters ror oo
B/ Mal gysi a/ 2908¢ PherloWere 8.9 and 8.7 Tog]opLkFid (W th and Wthout) nmedi a

exchar|g8/Br ¢gpect i veI y viisim larly, tR&He iral tiftergsfor
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8.12.4. Results Without Media Exchange
[0351] Elimination of the media exchange step will reduce costs and improve process
efficiency. Initial testing at a TrypLE dilution of 1:100 (~0.01x) suggested that conditioned
20 growth media may comprise one or more components which inhibit the action of the TrypLE
and thus inhibit the growth of virus (data not shown). Pilot experiments were performed in
which the concentration of TrypLE was varied. Briefly, MDCK cells grown in a 2L
bioreactor for 4 days under standard conditions (mother culture). The mother culture was
then used to inoculate shake flasks with different levels of medium exchange and TrypLE
25 concentrations, just prior to infection with A/New Caledonia. Four different
dilutions/concentrations of TrypLE were used 1:100 (~0.01x); 1:50 (~0.02x); 1:33 (~0.03x);
and 1:25 (~0.04x). Flasks were sampled at 2 and 3 dpi for virus titer. The viral titers
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20 8.13 Exanple 13: Optim zation of M 103521 Because of the
continual energence (or re-energence) of different influenza strains, new

i nfl uenza vacci nes are generated each season based on the circul ating

i nfluenza strains Unfortunately, some influenza vaccine strains (e.g.

cold ad rature r assor Vv ne st |ns ar e re.difficult to
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1 EL gel [
B e
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ek viral
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19. For each Strain t&€sted the peak viral titer was seen to increase when

t he MOrestBingars peakducd ttefy without xk@liGeERuigealflat e MO0 EiS@anli.n t he SUB
process described in Section 8.12 above) to -1x 104 FFU cell. The observed
i n20 ea84d3i nEtx'am@lle Rabptimization anysdl from 0. 3 | ogloFFU/ nl to 1.3

| ogi oFFU/ WL{’?’ %i % oul d not ed that in sonme inst ancesfcflt}.e g vi r al
FDers wer 9358] BREHSEAT e FRutitn SR EN G548k "o HPEE DI Cho (e 5y dpizdor 3
dpi). Tiedifis, WBY iRBuAHE vAR ik hfceScRPGRY dabh Ydab@ bREPLA HHeCRlch@AnKiNRELES at a

| ower MOT of 1x10-4FFU cel | conpared to a 20MJ of 1 x10-3 Ucell, should
t his tpegios. bélnﬁé“emateiw pamduﬁtuew Hicome actios éeg h@lwdemtedhamersturm mes shoul d
be adj usted accordin A bi or rforned to

Dot ) Rl DS are mord it O\ aPUP LGS Rlcrd LRy PSERET Lo oY P

cub$ ur epraRice nbl @R Eefnds preduchbOEHACHPHS B 161@5&@ tlﬁ%stadeﬂﬁ}uféEmﬂmgl abl e
cell density and cell netabolism profiles of glutam ne, NH4+, ucose and
| act at BTOPSCAIBYSITESAYIAE ABRIITPT{i&) Peaknarab sk bia derable. o menfsmed g At -4

days pg 9 r.eact ors was
exenanaio i HeRehsdP s vl A ikt BHBHCp BT b REC T S e +
10X Tr ﬁpmﬁtasleécemre ate the 8301t ofitht stddiesltforom)reasﬁtgq)rbdquy Kitesy@mi vesrefor nf ect ed
wi th A/ Sol gnon | sl ands/ 3/ 06 at, different anmount , .200, 2000 or 20000
FFU/ m SPEEH PEEPD N ERGHE Shugiergeatifed %M@MW@WIC 118@1 @r infetRm 15T 1 X 1 0- 4,
0 I t Al |
%%r grﬁ())gwﬂqeﬁgra Sarrétg 12%?%{(%1{;@’ é|ar,? t{g'gté 10 ﬁtaﬁgdeﬁgdh%ﬂggﬁgggg%or )?ﬂg:ég‘?ovw h of
t he masler faeht rapid scateayp quderodifcdot bbseasorfal gt wandlbmi vatsint kieains.ral titer

over time s ost infection bt ai ned usi The boxed
oron (expaltidl ; sheRendtts Chbied Ot tar s tackSuBdend T et ion s ne
cul tur gigr&icri b4l irAtct#Q0R: Eéﬁ'synﬂhaﬂ%@@laﬁs%?rkdﬂ’fef&t artnbﬁr% of)vm% Bné LIRS FU/ m.
while the culture infected at 20 had a peak viral titer of 8.

| ogi oFFU/ nL (a 0.2 | ogi oFFU L i npr overrent) Simlarly, at four days post
infection the culture infected at 2 FFU nL al so reached a peak titer of 8.5
| ogi oFFU/ nlL. Toget her, these studies indicate that decreasing the MJ can
result in increased viral titers and %uch a net hod may prove useful for

i ncreasing the production 5yield of certain vaccine strains. These studies
further indicate that the opti num harvest tinme nmay have to be determ ned




Table 19. Optim zation of M3 in Shaking Flasks Virus Strain Peak Virus
Titer at MO (in FFU cell) of Inprovenent in titer 0.001-0.003* 0.0001**
Af Wi sconsin/67/05 8.7 9 0.3 Logi oFFU nL A/ Sol onon |slands/3/06 8.3 9.2 0.9
LogioFFU /nL A/California/07/2004 7.1 7.9 0.8 Logi oFFU /nL A/ Hong Kong/ 491

G T T PR ST L B ol e
inoculated with MDCK subclone 1-B cells at ~15 cells/microcarrier in a 3L bioreactor vessel.
The cells were grown at 37°C, 90 rpm, pH 7.4 and, 50% DO (controlled using Oz and CO,
sparge). At~4 days post seeding (dps), ), 66% of the growth medium in the bioreactor was
5  exchanged with infection medium (DMEM/F12+ 4.5g/L. D-glucose+4mM L-glutamine +
1XTrypLE select at 1:33 final dilution). Equal amounts of culture (30 ml) were transferred to
different 125 mi shake flasks. These shake flasks were infected with different amounts of a
specific virus strain (i.e., 2, 20, 200, 2000 and 20000 FFU/ml, corresponding to
approximately 1x107, 1x107, 1x10™, 1x107 and 1x107 FFU/cell, respectively). Post
10 infection the flasks were incubated at 33°C and, 100 rpm. A number of parameters were
monitored including the viable cell density, metabolite concentration (both before and after
infection) as well as the vira] titer at various times post infection (e. g, 1,2, 3 and, 4 days post
infection (dpi)). The peak viral titer results for four strains tested in these studies are shown
in Table 19. For each strain tested the peak viral titer was seen to increase when the MOI
15 was reduced from ~1x107 FFU/cell (the MOI used in the SUB process described in Section
8.12 above) to ~1x10™ FFUcell. The observed increase in viral peak titer ranged from 0.3
log1oFFU/ml to 1.3 logoFFU/ml. It should be noted that in some instances the peak viral
titers were obtained on different days post infection (i.e., 2 dpi or 3 dp1). This may be due to
differences in viral amplification kinetics at a lower MOI of 1x10™* FFU/cell compared to a
20 MOI of 1x10” FFU/cell, should this trend be seen in production bioreactors the viral harvest
times should be adjusted accordingly.
[0354] A bioreactor study was performed to confirm the shake flask results. For this
study five parallel master cell cultures were prepared in 3L bioreactors as described above.
The viable cell density and cell metabolism profiles of glutamine, NH4+, glucose and lactate
25 were comparable in all the bioreactors (data not shown). At ~4 days post seeding (dps), 66%
of the growth medium in the bioreactors was exchanged for infection medium DMEM/F12+
4.5g/L. D-glucose+4mM L-glutamine + 10X TrypLE select at 1:330 final dilution). The five
cultures were infected with A/Solomon Islands/3/06 at different amounts 2, 20,200, 2000 or
20000 FFU/ml (corresponding to MOIs of approximately 1x10°, 1x107°, 1x10, 1x10 and
30 1x107 FFU/cell, respectively) and incubated at 33°C. All other growth parameters post-
mfection were the same as for the growth of the master cell cultures pre-infections. Figure 15
plots the viral titer over time (hours post infection) obtained using different MOls. The
boxed area (expanded to the right) shows that at three days post infection the culture infected
at 2000 FFU/mL had a peak viral titer of 8.3 log,oFFU/m]. while the culture infected at 20
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**MO corresponds to 200 FFU/ nL *** Peak viral titer observed at MOT of
1.0E-06 FFU/ cell 8.14 Exanple 14- Bead to Bead Transfer [0355] Large scale
cultivation of cells requires a scale up of the nunber of cell in the

10cul ture. When adherent cells are used the scale up process generally

i nvol v ential dissociat] 0 I from f S, or mcrocarriers, for
exanp! EFUTaReek Pttt e i 3r OhBear ECAR: BrelEBRFL | nto a

| ar ger sfohigsly, & foitdays ?o&t&ﬁi@@ﬂiorﬂﬁl@*@ﬁﬁm@ﬁnf@bt@d QCAFFUBRKE alsihichbZh paakt he
nunber of washi ng and/ or nedi um exchange steps during the scal e up process

can enhgnees.alegidifdi el ahepctheabescshiagsiinditatp vl dotreasogthedVHak ¢apiesulthe  SUB
met hod. 1. L b equl t . 30 to 36
separ alane SR g e PR S R b P81 el R IR0 7 e
separ ayieldjof doasiarabéfle felity Tiesostadiee fiithdr dadatccititk the optihln2@e ckirheduce

t he nunber of handling steps used to scale up froma 3 L vessel to a 20 L
vessel Maghayq tglbegeroampyr dasedan the M@bysdent ed for use in larger bioreactor
process such as the 30 L SUB process described above. 20103561 3 L

Bi or eadnble 15y ePptimiration af MAHdn Shgking Kgsksdex3 to a 3 L bioreactor. Add 500
m . off BPBS(PBSwo Ca,—Yy)_ to hivydrate theqpgrocarriers—for—24—=—6hours.
2. Usq the dip tube to rerm@é’ag(,}}(}}f‘l‘ﬁﬁt‘c’ﬁaqﬁﬁé \L/Lithout di st urbi ng

ni cr odaYiirneferaiy om t he bot|t om @HFFIHEIBOA of fir esHmpPBEmen intiteoc| aje

vessel{ for 30 mnutes at 124.061-0»03A |t eg.os@Eaet dr has cool ed, renove 300 niL
of DPBS Ry —adu 300t of [Tediygr (TVFJWWW_SU ESSEl
cont ent Ff’%“/ﬁ?’/ dtes at] 200 rlfpmto conpl et elly ni ¥-3 LAgw] FUZ"BirtenH and

t o get| AlSblomdéi BeRIds/I306 qQf f tiges bot tjom oﬁ,zt he (/essglgLégm]&?gpmggi t at{i on
and r Ve300, 1] digmaftLer att{mcrgearrfiers gve s Feg—5. ]Add
1.6 L Ucfeall‘i%rl?‘%hyg O4redi ym int’d the freacf-dr ard all® W%Pmt/@ to
st abi ||i Z@1MeEK Mm@l HEe grocess par meters ar¢g: pH. 7.2, Tenperature |37 5C,
Agi t atis5g N@gPogpm A r sparge rate 50 mF2hm [6359g10BIUYmE; or edct or
Pr eparfattom—pAgt—28 —Cytodex3— S5—t+bottte—Add-3—+—of—bBPBS{W/ 0 Ca,
My) t arﬁ?/tﬁr*g ﬂ%%&ﬁi&@f N rliﬁPQFFﬁﬂmé hours. Renove 2 L of DPBS it hout
di sturfpi ng n lgCgres RS (g ¥Wanlyot t om Add 2 L of fresh DPBS and
aut ocllave VA& Lerk yiFl titey bpervedat MPI 0b1.0E-06FFispthye 2 | of DPRS and ddd 2 L
of nmedgym tﬁxﬁigg]ebﬂf-tl%eﬁd td Beh@dkSahqtt ! € vigorously to ensure microcarriers
are in suspension.” Allow m crocarriéers to settle before renoving 2 L of
medi um Ad{P35Fkshangedealerctitvithoe aficcloegniréser sateorpofitignurioar of aelt ingthe

3. Add fresh ne nd m'cro%arrier

solution to total volu of 3, L. 3. ium

Sol it Srd Bl persiisr TEasRuundt ik st il B Hea 5l HVaRE® st e oo
par amefRistidiidn o 8did fraf Mavier dHibtocarHaes, RirQeSHleNA RORLL tFeadth&it, dldtién 2,
Tenperature 37 C, Agitation 120 rpm_ Air 15sparge rate 400 nalL/ m n.

[ 0358] of3the dBperaad cdks i@ooviergePHaskeordpleradaigsnnurakgridb mec@cgFHesnd Di ssol ved

Oxygen,¢: L: t I S| r \ [ ofile. 2. Add
ool Lo MR AE iAol SR TR 0000 ARl S DML OR B L o e
cel | dgnstdsyantnidinde efficlesbyhnd AQueethk Sikpléhoodiof comtamtraéion DEREIFUBAdeths di um
to reach a total vvorkin%svolumao art D.O 20 control with a

f 2 L 3. St
setl poflsreribed Hoys refuirgyths|use al/eatls dayrepted Tapn1Q/6 30 spprmteNeNs botilpsicadt ount er
d f j | (B : f |
an OBfghgpﬂg%Pg&;w@g?&gaeqdl hawes{eg%g’l?a]rat,?ﬁ/gq%etsﬁrﬂ%%%l& Abnle&h tﬁ’%{%&fo at

Scal e: Art gromh in vessel, swtc he
agi t at can begadized owednet thOnamdert efipedlatgstepsanad toadcsle vpl froonva ilcvesdns kers t o

settle . Repoye pedi um (> 80%. t hrough di p tuhe but. ensure that
25 cr 8%@\’??%&51&}1@?:%%%%}?%@% clip %%g%fgr bt ndiheet DipECOERIRETSS Such Add
DPBS ( RBR:WH9, §©BR sd QesPlibdihbbpe vol ume up to the original working

volune. 4. Increase agitation set point to 180 rpm Switch on the agitator
f o020 a peri 0¥56F 1@ Frvraaces Preparatsdn: i drduichg of Eywdef3 @my3 LdmmeaitorgAdedi um
5. Sw ff itfato d, allaow m,crocarriers.tq seftle to, . the bottom
o, Ronstbe SRS [ PaGeaenBnaRer bR aBERSr o Sodn & b 5 VibE Ensur e
that the 364 @TRRLM YEmP! HIP NG theh it AitbiRY Bictddatricrs RERI 188 8biYorh TARS sed
after the renoval. (Volune

300 mL of fresh DPBS and autoclave vessel for 30 minutes at 121 C. 3. After reactor has

cooled, remove 300 mL of DPBS and add 300 mL of medium (M-32) to the vessel. Stir
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remaining is approximately 1L). 7. Switch on the agitator and tenperature
control. Wait till the tenperature in the reactor is 37 C. 8. Add 5X TrypLE
(5-7% of remaining volune) to the bioreactor. 9. Add I M Sodi um Carbonate to
adj ust the pH of the reactor contents to 7.9 +/- 0.1. 10. Allow

trypsini zgﬁii on for 50 +/- 10 mnutes with intermttent sanpling and

obser vateh comes @ minaics sb dleprvtosasplately anik sedsirsottentsehd o g Il Add 5X

lima b | Deeinhy bi 4N Lv. the,sane u s t.he
TrypLE T pp st PrUbRohPbr b St SR ob A BB oo Ph 3hal PR ng

vol une gt pll niGocariendfes sadldd. rieatddl . 6dos fesshDab niddaus Glto eatoasin (1: 8
split). ??0360 | nf ecti)igin Par a&gters: Under the bead to bead transfer
condi t i B RS AC Napilize pranighi. | BheanReass puamstess srgratl v 25 Temesranodd h post
bead toc,t;@@gaﬁbﬁgggpﬁ?,m%ﬁ}%%%gsé Al pfigcti on being del ayed by one day

(infection on -day 5) as conpared to transfer fromroller bottles

(i nfection [8357)- AL RloredanfrdrepamatiomsAdib?§ gofi€stodbentocss L bdarns Ay 3reached

-1x106 S iLally as described for t SUB process (see, Section

8. 12 abc’g\exﬂe%ﬁ.s( &%/Pﬁ%uﬁfe i‘%k%%?‘ieihe T&ffvx‘é’é“%féif%y“e—dg §9urén%efa(a‘gﬁ,2 L DFBSK vir al

titers wislioagdRe@sing ehibeadribiansh 8lc PARDLE. %HE;G!E 6@%&&199%@9&@%& ined using
. a

transfer conditions simlar to those described in Section ove (see
Tabl e 2ysel &g S0rmainnigh 9t 121He 2uRerodvetelof DEBSemd atd &risbmediemhtods: e r educe

t hgpnu i pul ations w thout .sacrificing viral, yvield. Table 20. Peak
W 700 ke B5ERRoRNE G Ak DB R ety Mohamicrdcamipptor or

Bot t | esctitMafay sinah250B1 Q4 ndfinS. A WhsEQISN6 6 AR RaRick B b%(ngol onon

I slands/3/06 8.1 8.2 15[0361] Wiile this invention has been disclosed with
r ef er eMPETCHTERRIPEILIoSBBHVolmESS 3ilt. 3. sAddHasiemedivmaandanivarcarivbodi ment s
and varg,gkil 1,5 | . Lsed by others skilled .i.n the
2t it ChbR §Ee Rl 0Py A bRl 101 EENA T R8I Endeh bo kG, The
appendedcwight nEhapecessiperadedters arebpH ol Sietipeehtire 3715 |Audatial 126880 Air

gg‘gg?;ge%tggrgggoﬁgﬂ%ﬂent vari ations. For exanple, all the techni ques and

[0358] 3 L Bioreactor Growth Phase Operation: Calibrate pH and Dissolved Oxygen
readings after sampling and analysis through NOVA Bioprofile. 2. Add culture harvested
from cell factories to inoculate bioreactor at a target cell density of 9E4 cells/mlL (15 cells per
microcarrier bead). Add medium to reach a total working volume of 2 L. 3. Start D.O.

20 control with a set-point of 50%. 4. Sample everyday for analysis with NOVA,
Nucleocounter and for microscope imaging.

[0359] Bead to Bead Transfer Protocol at Scale: After 96 hours of cell growth in the

3 L vessel, switch off the agitator, gas flow and DO and temperature controls. Allow
microcarriers to settle. 2. Remove medium (> 80%) through dip tube but ensure that

25 microcarriers are not disturbed from the bottom of the vessel. 3. Add DPBS (PBS w/o Ca,
Mg) to bring the volume up to the original working volume. 4. Increase agitation set point to
180 rpm. Switch on the agitator for a period of 10 minutes to wash microcarriers of any
remaining medium. 5. Switch off the agitator and allow microcarriers to settle to the bottom.
6. Remove ~50 % of the liquid in the bioreactor through the dip tube. Ensure that the

30 temperature probe and agitator are still completely immersed after the removal, (Volume
remaining is approximately 1L). 7. Switch on the agitator and temperature control. Wait till
the temperature in the reacior is 37 C. 8. Add 5X TrypLE (5-7% of remaining volume) to
the bioreactor. 9. Add IM Sodium Carbonate to adjust the pH of the reactor contents to 7.9

+/-0.1. 10. Allow trypsinization for 50 +/- 10 minutes with intermittent sampling and
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20 descri bed above may be used in various conbinations. Al publications,
patents, patent applications, or other docunents cited in this application
are |ncorporated by reference in their entirety for all purposes to the
same extent as if each individual publication, patent, patent application,

th di vi dual | t ted b
o O e SRR Sk 0b% Sl HIhSBER AR 5, LRSS Y
ADDI | CUb@ it ( %@@@ji%”e‘iaé’%rlhEb&rﬁéjvé‘lﬁﬁfe%@WTr%ﬁLEZQQe 804 8§ 721 111 ed

Decenber 22, 2006; 60/917, 00 , 2007; and 60/951,813 filed July
25, zomEdametOH@mgbw thm@inmrtapeamblywméﬂr@@imee fHeilR. Transfedlt regeior r et y for

all purpos on_ o ion of a reference herein shall not be
const rﬁ(gpg Igitmﬁ g@:h'bgog?agﬁor(&itspﬁﬁch is prior art to the present invention,
ands citati p360f ByRALRFurehakis: DalleriBe 5@&&bwﬁﬂtr@ﬁfe%oﬁ&iﬂb@dtﬁﬁe@heﬂet S
validity. CLAIMS 1. A Madi n-Darby Cani ne Ki dney Yﬂé& cell, wherein a

cel | cthetcghecxubirds dlightly elowsr g@m@paﬁ Pt @1 tieeq tr@msf@ ipplgad éeinfectionppor t s
| fl thm of th
o an Dt Beiedn Pl R Ay NG SER, ited BB bR R Bo bR ©0 ' it

| east @hfution/oB~day 4)0 IafebisewdOpdriogacd tvhon ofll eﬂéns@y asceat ~haoliselgml s per
mlliliter at | east about The MDCK cell of claim

0
1, \Ahe?Sé?wwﬁlwésé@&cwbe%fqr&hf‘es'éﬁmﬁ%w {S6% Se§t1%$ &.%rﬁw@é Alhoughanigpiign cel | of
claim i M%g&( m1,
V\,hgér ei g]va% ﬁéeﬁ*%é{\} (ngq Ron tlﬁdrlrglﬁg%ﬁlﬁ éad bea noan oncggié\énéﬁraﬁé%e VDCK
cel | ofhosd abtamad umhgtremsfertdmedi\ibﬁ%mm]laf tol thosedbad:nlfedexﬂ ShgtioA T2 #ovegsicon No.
PTA- 79 or, PTA-7910. 6. The cell. o wherein the |nfluenza
1 rue. Te8Pal KRRty o Mot Bt S Ensn Gifigi e seedhg pRRbTA o
cl ai m hanipRkiShHwitheutishid @ra e conprises one or nore gene segnments of
i nfl uenza stral n A/ Ann Arbor/6/60 or B/ Ann Arbor/1/66. 8. A nethod for
pr ol |f ﬁ?ﬁ ﬁ':lrl; of claiml1l to a cell density of at |east about
1 x 10 cel LN e Use Bioreactor (SUB) system conprising
i noculfating a serum f ree ceI | cBbidiceBemHi UnTwdnistertthenMDCK cel | of claim 1

at a sieedi ng vauasStpaiwf bet wgen ahaubfer X LOfkoller BhQKE (12 X 104 cel |l s/ nlL
and CUH’U‘HTFQ‘\'WE‘EE‘!‘!‘S_VW% mat Tt al nt g qgrie or_nore cul ture condi tions
sel ect BMplepsa/2he6/et oup consilsting %%: a. gn agi8ation [rate of between

about QodaRebPE b. a pH|lof betyeen abcut 6. @Sto about 7.5; c.
di ssol abott—35%totabott—3+66%—and d. a tenperature
of betWeHompoilands®/46o aboud 42C ®! The et hod8-8f cldim8, wherein the

celd cul t uf(8etediniicitsis $elecatde basf reomdishiesgl with rafemrsdestoispecifie Medi V- 105,

Medi V- 10 ppl enmented with uco M 32, 32 suppl enmented wit h_gl ucose,
Medi v;@?gmfs@aw 4 (RPRRTSPI %ﬁb%k@&%ﬂ@ﬁn@%%ﬁ%ﬂaﬂ% ot tiis RenHEY™SY PEIl ai m 8,
wher ei fe i@ yyedert Slilled A0 aﬁqn%&rtﬁeph@f;g s thedRfd PRRTLRH @cdf)e'@f@l{eocar rier
is used for cCulturing the cells. 11. "A nethod for producing cold adapted

i nf | uenwantiom. Besippendad Icmmam@me@dﬂdrm befcongirued &sinchidoall suct8 i n cel |
culture
ern

bod) Iq;%nts and %quwalent variations. For example, all the techniques and apparatus

20  described above may be used in various combinations. All publications, patents, patent
applications, or other documents cited in this application are incorporated by reference in
their entirety for all purposes to the same extent as if each individual publication, patent,
patent application, or other document were individually indicated to be incorporated by
reference for all purposes. In addition, the following U.S. Provisional Application Nos.:

25  60/845,121 filed September 15, 2006; 60/871,721 filed December 22, 2006; 60/917,008 filed
May 9, 2007; and 60/951,813 filed July 25, 2007 are hereby incorporated by reference herein
in their entirety for all purposes. Citation or discussion of a reference herein shall not be
construed as an admission that such is prior art to the present invention, and citation of a

patent shall not be construed as an admission of its validity.
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a. proliferating the MDCK cell of claim1 to a cell density of at |east
about 1 x 106 cells/m in a Single Use Bioreactor (SUB) system conprising
i noculating an aninmal protein free cell culture mediumw th the MOCK cel
of claim1l at a seeding density of between about | x 104 to about 19 x 104
rialle/m and culturing the cells while maintaining one or nore culture
conditions selected fromthe group consisting of an agitation rate of

bet ween about 50 to 150 rpm a pH of between about 6.0 to about 7.5, and
di ssol ved oxygen (DO between about %ﬁ&g@g about 100% b. infecting the
proliferated MOCK cells wth an influenza virus; c. incubating the
infecte r#)Mollferated MXK cel | s under condltlons that permt replication
of the it adRPIRYGaRDe Kighgy MCRRIRAehheErin df¢lirelivra compasdier comuisingkee cel |

cul t ur eplociitg esiht MDTK dells suppertebRatoradf a%bﬂldiﬁbé{éd :nm&ﬁblmsfté g%Qsef%d' um or
| ture duri ng ste

additio nts, are._adde (a).
13. Theﬂ%r{t%gm{g}n%ﬁ%ﬁ%’ fcmv% igepon ﬁ%p'ﬁfﬂn@gﬁ‘e{ o8 %U/E“é Pfaéiﬂaﬁtlﬂbémrredl um
is reno@éd’rquéﬂp@@émhwdﬂuomseshfmdummqsrmdimtetoogachRiuangasreQﬂab@){. 14.
The nethgd of claim1l, wherein the cell culture mediumis selected from

t he group consisting of MdiV-105, Medi V-105 supplenmented with gl ucose,

M 32, M 32 supplenented with glucose, Medi V107, Medi V-107 supplenmented with
gl ucosez. The MIXtecatet Haich 0 fvhelemi the ddll,cukre EehpbstibRisNOk: &l | is an adherent
MOCK cell and wherein a mcrocarrier is used for culturing the cells. 16.
The nethod of claim11l, wherein step (b) is carried out at a Multiplicity
O | nf etie MQNVDeE) obelaiet, woenindboMDCE, c8DBGh¢rentabout 0. 003 FFU cel | . 17.
The net hod of claim 11, vvherel n the conditions of step (c) are sel ected
fromthng %é{?ﬁ@ ﬁtln an agitation rate of between about 50 to 150
rpm a pH'© &8 C%{B'out’“h%ret? hoMREEe! 7 nen-tumasigenic e/ rgyercoud®. bet ween
about 35%to about 100% and a tenperature of between about 30C to about

atcc aciats MRS GBbER YeBbB T8 & el e Bicnt S coap - 1§00 ™

v, t her MWW Pnf | uenza virus is also attenuated and tenperature sensitive.
20 The nmethod of claim 11 wherein the influenza virus conpri ses one or

nore g enza strain A/ Ann Arbor/6/60 or B/ Ann
Ar bor / %128‘313%H eﬁr@?‘ﬂ%’& H@P‘i"&?% tﬁqen@a A Isbor iR ies andierpparalusgispagitive.
preparation conprising: a. passing the viral pr epar ation over an aff| ni ty

h
chr grﬁtegqgﬁm%xr@%fﬁmq%nrgﬂgﬁé hmﬁﬁmﬁé g& rasre%or%ehor m\fo?%%@psggggﬁ e the

viral pP B“p”57raa?"|at?rf\”é?’bArP@rfséﬁ;%@@/A”rb“rb%%@ﬁ ng the affinity chromatography

media to renove the DNA contam nants; and c. eluting the virus present in
th t f hr h d

ot hod o ERARST A6 IR MBS ReLiTHart 8ot SR (R e i b voctm
endonudn é§§’éfeﬁi~°€@ma@qmm8w%) peissedmonwng induelatifd & séroy freb earmitog haafn mdl a
23. Thendmbhrdepbs c@rrﬁ"l@tgleedw&‘%feﬁﬂ@ ?B&Q‘ngérr éadfgp{ ?P@rtggt!)o% 1h% % ﬂt?]' LsZrHé

vi rus prrﬁg aﬁl on. wher el n | rus
pr epar at’ sceﬁsr ‘@TJEF‘@?“?‘F’B%P%WF? Siftugeegondiions Bslectep Somuhewdupofonsibtiaiom 21,
wherei efthe affinity chromatography nmedia is Cellufine TM Sul fate resin,

and the conditi ?g{]étidﬁsrggofpet\%/g?erpab%aiéolq%ng SP buffer at about pH 7.2, and

the virus are e MLt fer containing about 1 M NaCl
at about ija @ pH of between about 6.0 to about 7.5:

c. dissolved oxygen (DO} between about 35% to about 100%: and
d. a temperature of between about 33°C to about 42°C.

9. The method of claim 8, wherein the cell culture medium is selected from the group consisting of
MediV-105, MediV-105 supplemented with glucose, M-32, M-32 supplemented with glucose, Mediv-
107, MediV-107 supplemented with giucose.
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10. The method of claim 8, wherein the MDCK cell is an adherent MDCK cell and wherein a

microcarrier is used for cuituring the cells.

11. A method for producing cold adapted influenza viruses to a logs TCIDso/mL of at least about 7.8 in
cell culture, comprising;
a. proliferating the MDCK cell of claim 1 to a cell density of at least about 1 x 10° cells/ml in a
Single Use Bioreacter (SUB) system comprising inoculating an animal protein free cell culiure
medium with the MDCK cell of claim 1 at a seeding density of between about | x 10* to about
12 x 10" cells/mL and culturing the cells while maintaining one or more culture conditions
selected from the group consisting of an agitation rate of between about 50 to 150 rpm, a pH
of between about 6.0 to about 7.5, and dissolved oxygen (DO} between about 35% to about
100%;
b. infecting the proliferated MDCK cells with an influenza virus;
¢. incubating the infected proliferated MDCK cells under conditions that permit replication of
the influenza virus; and

d. isolating influenza viruses from the cell culture composition.

12. The method of claim 11, wherein fresh medium or additional medium components are added to

the cell culture during step (a).

13. The method of claim 11, wherein none or some of the cell culture medium is removed and

replaced with fresh medium prior to or during step (b).
14. The method of claim 11 , wherein the cell culture medium is selected from the group consisting of
MediV-105, MediV-105 supplemented with glucose, M-32, M-32 supplemented with glucose, Mediv-

107, MediV-107 supplemented with glucose.

15. The method of claim 11, wherein the MDCK cell is an adherent MDCK cell and wherein a

microcarrier is used for culturing the cells.

16. The method of claim 11, wherein step (b) is carried out at a Multiplicity Of Infection (MO!) of
between about 0.00001 to about 0.003 FFU/cell.
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17. The method of ctaim 11, wherein the conditions of step (c) are selected from the group consisting
of an agitation rate of between about 50 to 150 rpm, a pH of between about 6.0 to about 7.5, dissolved
oxygen (DO) between about 35% to about 100%, and a temperature of between about 30°C to about
35°C.

18. The method of claim 11, wherein the MDCK cell is identified by ATCC Accession No. PTA-7909 or
PTA-7910.

19. The method of claim 11, wherein the influenza virus is alsc attenuated and temperature sensitive.

20. The method of claim 11, wherein the influenza virus comprises one or more gene segments of
influenza strain A/Ann Arbor/6/60 or B/Ann Arbor/1/66.

21. A method of eliminating DNA contaminants from a viral preparation comprising:
a. passing the viral preparation over an affinity chromatography media under conditions
wherein the DNA contaminants are not retained on the affinity chromatography media and the
virus present in the viral preparation are retained;
b. washing the affinity chromatography media to remove the DNA contaminants; and
¢. eluting the virus present in the viral preparation from the affinity chromatography media.

22. The method of claim 21, wherein between steps (a) and (b} a non-specific endonuclease

preparation is passed over the affinity chromatography media.

23. The method of claim 21, wherein the viral preparation is an influenza virus preparation.

24. The method of claim 23, wherein the influenza virus preparation was prepared from mammalian

cells.
25. The method of claim 21 , wherein the affinity chromatography media is Cellufine™ Sulfate resin,

and the conditions used in step (a) are IX SP buffer at about pH 7.2, and the virus are eluted in step
(c} in IX SP buffer containing about 1 M NaCl at about pH7.2.
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