WO 2010/036760PCT/US2009/058157 Methods For Cultivating Cells, Propagating and Purifying
Viruses 1. STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER FEDERALLY
SPONSORM®RHEIBRFECH AND DEVELOPMENT 100011 One or morefl/@ateeEsérined
herein were made with Government support under Contract No. HHS0100200600010C awarded by

Health and Human Seryices. 5Accordingl Gqyernment ma ve,certaip.rights in such
inventions. 2. FicL DB SBRE AR CalBobS R DAY FUEIREIE AR novel cel
culture medium and methods for cultivating cells, in particular non-tumorigenic MDCK cells. The
present ihverSiBA TEMENE A8SHO REGHITS TBOINVNENBIGONSMADE. UNDERZEERERAL LA culture.
The present 10invention ags_lp(ﬂ% s nethog ificati I ociated viruses from
adherent cells grown in a Brorcacto Of Vo ES. 3. BACKGROUND OF THE

INVENTION 10813} Veseioatirdsdthenmastdnparanhgdlic ealihdneaguaieriereniinseisease
caused by viral infection. The effective use of vaccines is dependent on being able to 15quickly
produce HIE GoaieS or VAN RENA (RS2 nardss ok S HHEr#nsy i Cattivate source.
The sapid\deveippimeticobyacainraanetheli-aluadantrraiabitiis itiea). in combating many human
and animal diseases. Delays in producing vaccines and shortfalls in their quantity can cause problems
in addressing outbreaks of disease, F%m , n ' &@gest that there is cause for
concern regarding the long lead times s against pandemic influenza.
See, for exampi0¥y0orhelpivkedGR¥eritidOR] AE3RS nBv P e6H et EmBialnSHid 3RS Bor

Accordingl¥, recent efforts to produce vaccines have focused on growth of viruses for vaccines in cell

culture. 4GRS N rsPEGORURI AP tHRE R HE WERF RllinT Bapssse NS em & (D CK) cells
has beendaRyrsuastyig ¢ HRRALOHY YRS sIES:, IRITRXANMDIRS V) $h 6:A%:1288; iR #805{0118140;

U.S. 2005/0118698; U.S. 6,825,306; W02005/113758; and Radaeva, I. F., et al. Voir Virusol. (2005)

50: W3- IGRAOR TR VA th etheth iR dEratirs o pelraverhigisd Brmetdamradisiftiuding

tumorigepigitygihen agk iFesneRtdpranipatserspmincetheldltiig. and low yields of influenza viruses
suitable for use in vaccines. Furthermore, many of the cell culture WO

2010/036760PCT/US2009/05815 (C d for the production of
vaccine material from these c:gll ”ﬁR Pﬂmmns including medium
exchange stepg oy th%é%ﬁlgmrgetmﬁ%%wgﬁﬁﬁ%ﬁeqfé'dlﬁ{i%amr%qgltmvaﬁﬁ@glse of the

continual emergence (or re-emergence) of different influenza strains, new influenza vaccines are
generatefi®ash seead by Kuabnsatine chitiriferdivsmns o aernss it asornsdsatay bsirgeairnza

vacpine S{faiRs, o dueEa SEHGHAIEON o wisldsalRe Yol of #arhhaisi ahaalhguigire derived

material not only defines production capacity but also impacts the cost of manufacturing product thus

improvinGWiisrFeRrre. The sk drriedtpracatef xprsinco 608 1heis AbHAga Mo kGili i €&itisabium and

non-tumQHgsRiELRIL lines thakean P aravay acenR STRIRS anvaiydnighditarsiandpmpaassasidor the
production of viral material in disposable bioreactors have been developed (see, U.S. 2006/0188977;

and U.S.8 (iciqasrfisenmsarscpiehiies fuadtipssing quthiseknahdisatsn ERpSHHRRIFSTRASIK and

provides aeyrRkGalk csituie ISEHYILRIGHY eIt cllg - flicippt sealRRIERRRS eS§ESHtPIdhe production
of large quantities of vaccine material in bioreactors from MDCK cells, in particular, non-

15tefhoriBEMEERERiNGS AR RARE RS MIRRAURR EXERABRICaNP R sMiosddde BaPHurification

processespk e psedustionmEINIEYY, Bybfied ivenatisauaisd naessingforRadneddads wieuidgd by the
present invention are robust requiring minimal manipulation and are cost effective. 3.2 Respiratory

Syncitial VVGSQREA ToEionsE] RUARC b iYATSH SYREHLF VRIS (RSV) is the leading cause of severe
lower resgi{qmyl%mt{mq}(}tion (LRTI) in infants and young children and is responsible for
considerable morbidity and mortality. A total of 18 million people are infected annually in the seven

major markets|(1064]Japapartcanae (s evnanidtily DefBIIG ddi), Kidudinyihce) milliohaa delis and

almgst 400,000 premature infants. Annyally.in the U.S. alone, it |s 25esfi 70,000-125,000
odh el RS e D BOREE ALY L 0 ARE e y AVs Eoy ATGIOLNS Lhe & are
present ia(0smangsopLlaRBs8 BId4s Wiea0esad3izsk] asdaRadaparidnf agedlt obpretiionin

immuno- ised adqults and in the elderly. Due to inc lete resistance to RSV reinfection
ncuced B Rl e e M e e S e e A P O G ol of RSV
30immundyieophyildyiing torrdijeaisitificlentxpsisiancefto prevaniciienserelis diseasamwviich

yields of influenza viruses suitable for use in vaccines. Furthermore, many of the cell culture
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may be associated with RSV infection. The current strategies for developing RSV vaccines principally
revolve around the administration of purified viral antigen or the development of WO
2010/036769PCTIUE901H9/058157 live attenuated RSV for intranasal admi®iSkAtBP¥sHeEVer, to date
there have been no approved vaccines or for RSV.  [0007] The viral genomic RNA is not infectious

as nakedhRAsIheHRINARRRE RN Bepé isthistibpeaaanziddiechvdihtha@aiororcigacansid (N)

protein and is associated with 5the phosphoprotein (P) and the large (L) polymerase subunit. These
proteins 18 PAEHIRIBBRIBEIR QBT ENHIER RS ABEMYE8 B WHEhaHERANSE SHPPIKERIIVRG WBrown et

al., 1967 akoY iRlodnt3 883 for inddaARb i espieifrindesafcarenedintarammercialy @yailable

safe and effective RSV vaccine has _been developed for the prevention of severe morbidity and

mortality FORRSERGRESY N AHIRS U i erzs. SBHnanH- IREEGUA SR SAHS Wie Ere i reardY to provide

protectiogeagsinsi B inteetion ant imfrchlieadriosxaserhaiaskaymplanm duing subsaguent
infection by the wild-type virus in infants (Kapikian et al., 1969, Am. J. Epidemiol. 89:40521; Chin et

al., 1960 SEHIS AR FgEsiHfiadt o 8res) tehighyisidse RAC R saOPaIDAb s Sttenuated

mutants gbtais@ehbriacasbingnisneth pasd hpmisdduiagears ikhsed epidbpassage of the wild type
RSV for temperature-sensjtive mutants (Gharpure ,e’E fl 1969, J. Viral. 3: 414-21: Crowe et al., 1994,

Vaccine TEFCHTMGRIRST BUrHEREOH S Kal el (htePsit i itnbiv detrakiociated proteins,

which would needs¢dRatenguideinss-ioi-aificatomsnniep aylaciadieaime st ofilks Yhinfegtion, has
proved elusive untjl now.-2010009;%8%51mi,lar to the influenza virus, RSV is grown in a sta,b[? cell line
whéfbin #EVirGSTIERIEERS AR SR i AR hRQCEFirkitg RTamHEURS T, TREURLD from the

cell-assogiggeshprotdislstaie mairiadnidevalopedniey) Und. ahodeatRgty7Adeing. sosthe complexity, RSV
is fragile (e.g,, shear sensitive). These factors, the virus being. predominantly host cell associated and
fragile, Ayt iflgﬁfﬁiﬁﬁﬁgﬂ}%ﬁﬁg’tﬁ@i}uﬁ]ﬁ%}ﬂsﬁ8%‘(66811?8%8%‘%‘{%FB.{Q/ BRIA ARUBROEES) while
resulting #idwchgicallyuae eapiabie igiynregedicineyrasitanscantlo prgdiwesaide muspesduietion It is for
these reasons, in part, why no vaccines are coqmmercially. avajlahle for RSY. Accordingly, there is a
oo for 8 SUHACHTBH o LR B S BRI RSy M el ol Ao R oo for
prepératiaimafigdaicrusliinnesf withvin dgenie ¢ Gn pasitien $x SRani) aAd TOKS6d6NRE TS 2009/058157
4. SUMMARE( OF THE INVEETIB&\I l[00101E‘§h .pl'%?sent.?v(ﬂution ?rovide serum-free cell culture
medium R HBHR RISFSTISIENS O Rt oy &EI% SJUULTEY the BrSat nV?)‘f‘ig’r%e[%l?antities of
vaccine matagas mrdiafeabiotise relisding eingle userbioigactois anehstandardrpusaie bidreactors

5(e.g., stainlte steel and glass vessel bioreactors).  [0011] In one aspect, the present invention
provides SN SRS serum-free cell culture medium that supports proliferation of MDCK cells (e.g.,
non-tumayig WG SSIRIRIMIINR fﬁgdynsity and eliminates the need for a medium exchange
step to obtain high viral titers. 10[0012] In particular, the present invention provides methods for the
repRbation of ihfl0s]zaNinsesdyatagidyadapst ojran RS e mpkedtarkenpensisivef sndterlattenuated) in
MDCK cells to high titer .« a logio JCIDse/mL and/or a lggia FFU/mL of at least about 7.4, or at
leas: aba st Ry sitearach T D RS S T S et about 0.0
without acomstiarabéx oiarhgbtgtepl pniatabtinfectianl a6[6018]im arophe paspéstticthenpresynininvention
provides improved methods for opagation of non-tumaqrigenic cell microgarriers including
bead 0 LR s L e S . R e of e
inventionnmidionadds] thendoirost 600 £H0i¢ plearacieristios of Aonustlnonigenic $1BIGKC aells used for the
initig} innggulation..In the enriched serum-free cell cutur, i f the 20invention is
used to egsgt[g[gall% d%%%?n@?r?@iaﬁ?é%ﬁ M rlltgaé%fl?%&y K Eggﬂqﬂlr%%ét © LIQ%Jgaollriﬁﬁjl :@Vﬁ%ther aspect, the
present iavggtivnabodisesaistios Himoypsify angl R ercqltcassbui dtedarimsed {eogsikiéngalsRSV) from

adherent cells gr in.c I , 2ro cell culture) that. give radl recovery of
viruses o]f%agté %lgzs%%%%@/éh vl\/?éh%tlélﬁt{r%%nt?r?ﬁt{? %ﬁ%ﬁzﬁéér%lgﬁéeéﬁe%%%h (%jf%t%\éggal%ﬁg less than 0.3
lig HCP, elddrigsPtivetn #6010050derosistpesific REdeakdasto i040c8d dyioFmtalohaimns. BRIEF
DESCRI F RE i i lgt, of ¢ [ ell density (VCD) and
cell viabiﬁygl%%ﬁih%ég%ﬂn#eea%%rss#c%%&%ﬁ gg%{%a%{ %%?b%{ﬁ%vgggé%%ﬁioreactors were cultured
usidg theiSewaReDplSRY procdes condfionsdethiled in flabta(the dpgaatdiforss Riidh not

availaplem%‘g[gg QL GIgeAaNR0YG pRolagraRgs Uaksn %trét%él‘ @;ﬂ@@&gﬂ%ﬁ@ Fdpfetmediate
sampling times between 0 and 40 minutes ftor 3x 2L seed reactors (SR) fo
principally revolve around the administration of purified viral antigen or the development of



WO 2010/036760PCT/US2009/058157 experiment 1, 3 and 4 during B2B tryps nization.
Trypsinization performed in bioreactors as per the bead to bead transfer protocol. [0017] Figure 3
is a plot of tRORAHIEXE % ensity (VCD) and cell viability (V%) in 12x 2L finaPprobSR8A TR Ctors
(FPR). The bioreactors of experiment 3 (FPR3.X.X) were 5infected on 5dps (-120hps) and those of
other exparimABkSIRIEHSY Tr4aRs RSt dafaslienyic Pianeveelkyiahiliv datmier xmarément 4 not
available. [0018] Figure 4 shows photographs (taken at 100x magnification) taken on 4dps for 1 2x
2L final pHBRRREEY iR & diDperiments. [0019] Figure 5 shows photographs (taken at
100x magnificagigen|taker on3dRhinhitaOX RlisfitaliRfadistion RASIORNEPR:RNa exRepimants.
[0020] Figure 6 shows a plot of ca A/Uruguay (A/U), ca A/South Dakota (A'S) and ca B/Florida (B/F)
virus titerS Vet HE Yo HARCOMGIANG BRIGITHELERSEPSIEANERIOISH abitssPeltef e lliowed by
infedting iRclpho SphiptBiioduciinn e astes I Pty desralk 8ypeRim antscNedesi fafdhdata point
represents the average of three assay replicates. The virus 15titers below detection limit (<6.4
loglOFFUMAICRTSIIA ROGROW MG "RCaItERS & &nRdrruetaednt of jaissty gRE Y R_RbiNs virus
productiopgrofilesiyer tve-fagaihe strains produced using the 67% medium exchange process (67%
MX) versus no medium_exchange process (0% MX). Plots for strains ca A/Wisconsin/67/05 and ca
AlUruguay arel ¥ RSkt ﬁ&ﬁ@ﬁﬁ%&%@&%ﬁ@&w ,aﬁmk%@srs@% RIE6tiff Bkota and ea

B/Floridars® sheviicina8BelgftiansddjgatipantiprecspestvElyevere [0 injameBaRiaagnts flow charts
of a bead to bead transfer §rgﬁesses The progess depicted in Panel A utilizes two wash steps each
ti

utilithg £B0REIED WAk SRR <) FOMpHIG SHe ARy GS AR A s darsrstdase
(TrypLETpmédtfingh2BeRisoefirationofivst GoBXathas effectssell detpehmeninvthiob3Auainutes.
The process depicted in Panel B utilizes .2-3 wash steps utilizing a buffered salt soluti PBS)
follonon By SHAD Bt ReTA AR A AR TR s B £ e i BB AT oftects
cell detachmeninveithin 16@INimtes Ppilenabs®Ieeiofcy)y BrajaasidoRza] fogukel 9ipresents drawings
of the filter arﬁl tubing ri%:;s usedéor the Dirﬁct 30 Flow Filtration (DFFI) filter rﬁii%\(Panel A, top), the GE

Healthcaf§ YSINRIRE LKia BTG RS SRS PRSI R AL M Rads MePARJREEeSSE tubing rigs
(Pang! Batapjokine thasDireeicRialt Filsaon B RiFha)ilier sigsiRanatBatotamkpNQt al.

2010/036760PCT/U 0 157 1002471 Figyre 10 presents the scheme of the initial purification
orocess I s EP it & Thuh 608 BLACE e RRSERSa s 1 el ORI GHEL SHGTA CAtions are
detailed ihvihetseherme preséniadisipanehBolhedpielsf, eddbhprocts mnace repavdag in Examples 3
and 4. 5100251 Figure resents the flux trace curve.of TFF | run 48. 0026] Figure 12 presents
the BPG 6% Wﬁsgﬁé%é%&sc%ﬁ MIBFHELLFETRER %%%Fgﬂé‘.ﬁ%%&%@%dfg‘iVﬁfg%?ﬁ ]ﬂ)]ilgients the
CS columow]ution chromatogram of run 49. 100281 Figure 14 presents the flux trace curve of run 48
TFE2 8XDF pr, . 10[0Q29] Figure.15 presents at of the viabl lIs per. mL (filled symbols/solid
inea] and the RAHESh: SR, RoE R A P b AL E2 TR L b iions for
cells serigllyisplitlapd ypaoqoiatednittihkedlse nck o pigidad#f{didnie pds it souas ésymeits serially

split and propo ate? sing EDTA/protease. mix (trian 'e@g’@g@ lls independentl ljif and
oropagatt ST S A E Bt e B A B A S50 ETRTE T8 pAReS DB of the tiers
of ca AAVisaphsiitl G707 1t Gapi e B\ shaysirbiei D4 Thettahrabiairedrirobeiagch passage of cells
serially split and propogated in the absence, of protease %1} n n uares), cells serially split
and pron B B B R R SR B e
usiag stanckarct hroteasd anetiids todgnaqinayes)il® hesplotg showlthahtitesscepabRleast 8.0 log 10
FFU/mL are obtained usriﬁl clr%flsn scplit arrllq ]ipr?eo%%t%d t%g dthe no E)trg)t%asef*lanc{r tgle EDJ1 Alprotease
process. HfBB%%ﬁnﬁgcuore proeseOnI{1 pFo € of the Viable céllrsusper n”leO(ﬁf Y esyem R ines) and
the percenhyiabitiyciopenrsymbolsiciatiged ditdd} for Rigde prochrdiiorlsithedation needsftPanel A and
Panel B, top). Included in each plotis the seed r. imulation 25production reactor run(s) using
AL and QO e AL RO G S e R ot of e
titers of qar&éividl ey siadXo06/04t witainecthdumoeggniwoqmpdsicioos. simulation productions runs showing
that the titers are comparable for runs performed using ATF and without ATF. [0032] Figure 18
preégnts photographs of fluids removed from biorcactors using the 30 ATF process showing that they
are free of microcarricrs. The left panel shows the microcarrier wash removed using ATF during
microcarrier sterilization, the right panel shows the media removed using ATF during the 66% media
exchange step of MDCK cell culture. WO 2010/036760PCT/US2009/058157 100331 Figure 19

presents the elution chromatograms of Test Resin A-D column runs
3



with 1 M NaCl1 elution (panels A-D, respectively). These chromatograms show that Test Resins A and
B appeared to show separated multiple elution peaks having a smaller early peak (see arrow in panel
B) while TeYR&4IA83678hd D showed a single peak with peak 5shoulders Z¢dHSERHIGEHREGUS
features (see arrow in panel D).  [0034] Figure 20 presents the elution chromatograms of Test Resin
C and D column runs with 2 M NaClqwispARanels AapdRVENIaeNely), showing that the elution
peak was sharpened using a 2M NaCl1 elution. 100351 Figure 21 presents the elution
chromatogramd) 6t Ofe sT Reptes coluenhiounsofodd0scaumAiis sohisinl toee ASblomandiBighlgs and ca
B/Malaysi ; tj i | rofiles. imilar.and

consisten B e B B e B s ana &
show theredtgion fobeaeativiscoresindizgel g Bikdinysia s padtiveatdatdrIesb Rdgmadotaiumn showing
that the p@% Rigfiles.aesimi 1%%%8&'3?@&%%%?5‘?' C shows the elution 15 peak chromatograms of
Test Resin D’at XK-50 column3cale. 100371 Figure 23 presents pictures of cell cultures from A)
untreated celld08hdl] celisane g ortlBONIsTRES XORHIB) MUY iddd ERTAGISY sewnEBTACID) 2 mM
EDTA, Ezéﬂlgﬂr%ﬁ% and ﬁé&@@%&%ﬁr&%?%&%ﬂéﬁ@ SRS RIGBNES! fRYSHitures from
cell pre-treated with 2 mM 20 EDTA, followed by treatment with 0.0125X TrypEE (Panels A and D),
0.025X Tegiht)roPardisdl fsasiy and Ji0BMmshcmqRbingls @edndrRyxeogsgraphe asténtaken at O
minutes gftgr Jiryplik2ddition (Panels A, B, and C) and again at 60 minutes after TrypLE addition
(Panels D, E, and F). 6. DETAILED DESCRIPTION 25[0039] The present invention provides highly
rept@ducible etflBiEHt skanablis W escloserssert e prideiubtiov dsh g bagis datithsropNeain e ., influenza
virus or Renuary gl antiaan oy BrapivacvyPeRgslic RTARIVE! aReUa R feapaHc use in

bioreactors from adherent cells (e.g. MDCK cells, in particular, non-tumorigenic cell lines or Vero

cells). In pEfidties!lsHe bi@sétﬁrimquﬁgm&ﬁ@@mmw_mMﬂHH@m@a at:tr@ﬁt@fo@qtd- |
30adapteqy 3)d{prIRMARIAYIE SPRSILYS-.BBH(O" @UearAied IRlUeReR &' JesRlRISYOCHia) viruses,
to high titer that do not require any medium exchange. WO 2010/036760PCT/US2009/058157
100401 Ileedahion, B8 M@&@ﬁtﬁﬁ%ﬁﬂ%%?@@%&ﬂm@fnﬁ@mﬁ?ﬁmt support the cultivation of
MDEEK cells (€;gprapn fhmiafiaanic DGt (RIS AR SHRROS ORI RHEAIOCahuIaFGAing, but not
limited to influenza virus (e.g., cold-adapted, and/or temperature sensitive, and/or attenuated influenza
viruses) oy pigEafiT fiteutueiradcies Ergnrmueinsarseschishibng bqobm beaddautbs, the present
invention alae,RLovidesomerRps P i RERPRIRENVAsRINGRAtE AR e HRHERZA MEUS) BRBAMDCK cells
(e.g., non-tumorigenic MDCK cells), and methods of preventing influenza infection utilizing vaccine
materialsSHHERIES oD RIBASNIA shrantersis alaptrug psLgenHIYEIE K sabsrissd feid)be purified
by a procgss, i fhesaikes harsin-ragiessontainedHEARIIMOHROBANIS RAPRASION dearribed herein.

As used herein, "a cell-associated virus" refers to a virus in which a%%oximately 60% or more of the

tite £ Bf thEVHREOR oved Esstfekltel mrmpriaihrearseniestsMBskasdididghined by any technique
known to one gl Nt aiiter &%@@%@%&Eﬁh%%mogk&rﬁmﬁaﬁiﬁfémﬁﬁtﬂk{&%@%@roduction

of cold adapted/temperature sensitive/attenuated g:ga/t.slatt 15influenza strains (e. ose in FluMist')
T

and RSVe@lysspsiried nispon feaaonibinza BEAD1omadhsctant «dly BEORITH fBRUESHogigenic

MDCK celip)andipery @t eglisniBriHgle, Rt areneklinitedds Beoative Jrant RNAYiracscinelding but
not limited to influenza, RSV, parainfluenza viruses 1, 2 and 3, and human metapneumovirus, as well

as other Dilifed HERsaiFRIRFE eradBan RiragillcEs Bddrivehandhd reNAChiraaddesidlative 20strand

RNAsVirug@psdaiigmsyanged RNAviryses 0ing lsigiag,Fput et ligyted to, papovavirus, vesicular
stomatitis virus, vaccinia virus, Coxsackie virus, reovirus, parv-ovirus, adenovirus, poliomyeltitis virus,

measles virus, rabies virus, and herpes virus, 6.1 Defini (}p ,ﬁmﬂggenicity, as used herein,
BR ] ) RIPTION. ()

has the ordinary meaning attrib 5 = Tumorigenicity is, in one

embodiment, ﬁtﬁ%]‘i”ﬂgbﬁ%tﬁf‘s% Gt e PAYREMPHS] (B v eSS &t LB it APOSiRES:
36:1353, and Example 5 below). Tumorigenicity may also be tested by other assays, for example, by

injection ftPRHRIRIE BB erdpital aplsieaiesn ThahiorsrsiRiamsivRIEgHtoRsths., 1970,

Cancer, %@&pﬁégct%%@@ﬂﬂéoafé@@ SERAGERSURRInan, Ndikases dhatitbemarrial gl a@mgleic acid or
protein) has been artificially or synthetically (non-naturallyz altered by human intervention. The

altet8tion can BpelfoFissaconshesvmizhetpgrontifaben Higesipatdrken at

intermediate sampling times between 0 and 40 minutes for 3x 2L seed reactors (SR) for




environment or state. Specifically, when referring to a virus, e.g., an influenza virus, the WO
2010/036760PCT/US2009/058157 virus is recombinant when it is produced by the expression of a
recombinantUIEKVBEI0 A recombinant virus may further incorporate one B HOYPIESSHS
introduced into the genome. A recombinant virus may also be a reassortant virus when it comprises

componeniscaighived fromdnpdadhamonapaianatvhalisygimi2t ARk HsdeimyibRaasertant,” when
referring to a virus, indicates that the virus includes genetic and/or polypeptide components derived

from moretHaR ¥id pabsaddrisirsreaieen!source. For example, a 7:1 reassortant includes 7 viral

genomic segm@is7(Or eRR SEgNBHS) TH eshirarsl Pl arenty) ¥iidscARshBiBRgiecpmplementary
viral genomic segment, e.g., encoding hemagglutinin or neuraminidase, from a second parental virus.

A 6:2 10 He3Sdoftan: HRIMGLe RSO (L EBYmEMR D AeRGt B AR FSMEF RS THERRY Sl ¥ #i5m a first

parestal m&e@%%mmmmﬁrms m@r%@ehﬁmaggmma @ﬁdldwfl?é‘ﬂﬂ'ﬁ'ﬂﬂ‘@c&ﬁnf roma
different g{arental Virus. 100461 The term "about,"” as used herein, unless otherwise indicated,

refers to & VRGEEIi¥IAB R AR th BT SRR B! SiPhAIBHARIE value being modified by the term. For
example, 15thetargy "aheut5 Lhbavkghoieansia @anea of foon Adpiigikeitn ptokROtw4dys another

example, "about | hour" means a range of from 54 minutes to 66 minutes. 100471 The terms
"temperatdre’de AN AN FANRIS T - SHRSHIREEH-are well known in the art. For example, the
term “temperafgua gengiivec ¢ thovRPRaies4BAL thexvirus 1odxiRike:Aifiokitaly ek greateappebsction in
titer at a higher temperature, e.g., 39C relatiyve to a 20lower temperature, e.g., 33C for influenza A
stralifls, afti4hdtt HORsHStArs HBPRN ?fraglrgéﬂgflfﬁﬁlﬁfétion in titer at a higher temperature, c.g.,

3;0 relaative tO[colényel’HEgiﬁrl]i@Q‘IﬁM@s @gbﬁ%%%ﬁ@ﬂﬁg@&&/ﬁl}@éﬂ%@ﬁ%%& thestesna “cold
adapted” ("ca") indjcates, that the virus exhibits a higher growth rate at a lower temperature, e.g., 25C
it 106400 BF B G Y TR ALRS C&&?O@@&%aéx&%{mmé}ﬁie Yo ated
("aft") 25mdicatas thakdadoliviscEpyicatesipthe1aREar fitwaysdatiriiatadotdSITR pRtestable in lung
tissues, and does not cause influenza-like illness in the animal. It will be understood that viruses with
intermed B PSSy PRLS Bt %é’é“é%f‘@ﬂif‘ﬁanﬁiéll?é‘&ﬁa%’n%f@%etﬁ%%?}ylffé’ih‘i?deét%%:V&BFA strain
Viruges) eitcty Ge(tor BesictibhMiiges) peXipiRForawibat 23048 0EF U1 thaiule) feldndian its
growth at 33C.(e.g., within 200 fold, 500 fold, 1000 fold, 3010,000 fold less), and/or exhibit reduced
growth inr?ﬁgrﬂéﬁgs relative to growth in the upper airways of ferrets (i.e., partially attenuated) and/or
reduced influeqigelike Higass Inlibeanirnabredaisn pasfildyvbusamentanieasaaakhydiaeckivention.

Growth indicates vira) WO, 2010/036760PCT/US$S2009/058157 quantity. as indicated by titer, plaque
b LR e e A G e i e ety

[0048] ThesalEdssPtiatddr dusescdesohhad hendn oaaheprapagated isranyoadherent, Seells that

alloyy the viruses to grow to titers that permit us the viruses. In on b(r)gﬁiimen , the adherent cells
o D L oy PR (o S R s B R s S e BB
correspotudirgduwldhtypenvisusspetnagpecific embodiment, the cell-associated viruses described

herein are pro d.in cells that are susceptible to infection by the viruses. 10100491 In one
embodiment. TV LA AEETadt U S ot PR AT & SO A AL coll
Represepiatives migrivmdliaPoedisAhail ihs cel-aasbelaistatiuseb dresarthdtthereiit salutien propagated
in includ re not limited to, Vero cells, ells, Hep-2 cells, MBCK cells, MQCK cells, MRC-5
cell, Hel B e P e e L R R R R S e SR i Tiruses described
her2in, incluckngaespiodjosy ABSYnidwtialdctssed| deapiopagatebiin-Yeraioetts. [Fhampoticessspecific
embodiment, the cell- associated vjryses, including.influenza.viru e prapa [ CK cells.
1 MO o B e o e D e Y Pl
numeroubyingsbstinclwiting hut] aod diepited VEAQas a/finsesimciudatghof RoSmitethdocTiects
orthomyxoyiruses, paramyxoviryscs, rhabdoyiruscs and flavoviruses. In particular, MDCK cells are
ity Lo B B T e SR R P2 SR bove, some MDCK ool nes are
tumorigenic. If[@0R3Fig€mdoity Ipofseairithtovingenférn fitepmed eudtimys gt osedrivridesnethods to

proljferate.non=tumorigeni K cellsiand use the same for the productjon of influenza viruses.
el R e R R S BN O e,
In anothdPemebadipoenmihther(@thBdadthitzec AleTitgmagtiliz skidD@ngellss idgacd Bs ®op), tamddhigencity .
100511 Non-tumarigenic MD ' whichna utilized in the methods of the invention
include tﬁrg%ﬂgt\xﬁ%ﬁg ltoél,%h se W%?i% ] rg\ll%qgg%%i é88{3| ed with the American Type Culture
Collection (10801 University Boulevard, Manassas, Va. 20110-2209) 30 on deposited January 5, 2005
and assigned ATCC Deposit Nos. PTA-6500 and PTA-6503 (designated MDCK-S and MDCK-SFI03,
respectively); those deposited on October 5, 2006 ‘WO 2010/036760PCT/US2009/058157



and assigned ATCC Deposit Nos. PTA-7909 and PTA-7910, (designated subclones I-A and 1-B,
respectively).  [0052] Other MDCK cells which may be utilized include, but are not limited to, those
which have WEEHHER6Med with the American Type Culture Collection and BSEHREWAIFEIETS Deposit
Nos. PTA-6501 and PTA-6502 (designated MDCK-SF101 and MDCK-SFIO2, respectively); those

assigned ATC{pdraposit hige FiRbdddLirdasianaiedt MOGiapLY thesenasvensd AhGerddeposit Nos.
ATCC CCL34; CRL-2286; and CRL-2285. 100531 In a specific embodiment, the non-tumorigenic

MDCK cetidh bsdmprxcHhantdissimmsarisriolt arsldh-1ibHgathamwdifisaiont #edisilidse model
(see, Stilastgt 18l pranieibenspesdiGenmhedingRto tha MONTHEROERGHSABROK ERimpised in the
methods of the invention are non-tumorigenic when injected into a chick embryo and/or topically
applied t8%é chorioallantois (see, Leighton et al., Id). In still another embodiment, the nontumorigenic

MDGK cells ugegas|theingthprsefdhe AYERHOREhRR-BMPHYeRICHR. the adult nude mouse model
but not when injected into a chick embryo and/or to icall% aé);é:(i)ed 15 to the chorioallantois. In yet

another embod , higHsrLtursABisrie ABe K00 thehrolHaus e e s HR%tion are
non-tumaqigenRiemtbe adult nude mouse model and when injected into a chick embryo and/or topically
applied to the chaorigallantois._In still another embodiment, the hon-tumorigcnic MDCK cells used in the
methods of thd Ig&htiGhE4FE hbREGHABHJBNIC AR BN CHE SO PENBA RSS2 Y UrtEP APleast 30 passages,
or after at leasfofR$)0pprsrges, Reaiies @t lfasthRoassaasrsua3iErrE askGldqessages, or after at
least 70 passages, or after at least 80 passages, or after at least 90 passages, or after.at least 100
pasShges. In sl %Leﬁé%%méﬁ%%?&%&ﬁaﬁ?f%%m Stk BenEhedaIn ﬁ%&lh?éf&s&@ﬁ e
inventionaatetROpciveAoki goMicyaftpeatienss 12U Ansaagrs) ovalidoat skalpessages:iciafeer at least
40 passages, or after at least 50 passages, or after at least 60 p sa%%a,sl%reéifter at 25 least 70
passage§,e%s§ St a8 %?@)%%%%?j&}%? 8?‘?88%%’@@??35 ey SAPTeEY: 190 passages
in a scrume-eas Mediud pidpegitventiniy (Eor AMeoivasiMx]@Bah JlEs) Madidé iBHividsihdendyMediV

SFM 110). ... 100541 Tumorigenicity may be quantified.in numerous ways known to one of skill in the
art. One %95‘{1—?&3 BS‘?R%F% Eﬁ? afi %%&%%%ﬁé“ﬁﬂ%(’dﬁ%léép ue which is defined as 30the number

of cels requirgded0ndriguigmesdscniiplofstbethntmatsdeaied (BBeotstdAll Ritdd)eckDso assay for
tumor cells, In: Patten C, Hendry J, editars. Cell clones. London. Churchill Livingstone; 1985. p. 223).
i one erOMAEHE G RO R LSSt H eSO BPELR enion have a
TD50 valpesd daetdaethabbsdnt0 10 ieoatast!{ di@hoddds\WHd 2QLROREEHORCAIYSEROAA58157 between
about 108 to about 103, ogﬁeé{yeen about 107.to e%b ut 1 4.%1ga}rqsigeci ic tqrmb diment, the
non-tumdhigeRe Tots (YRR M tHEE SR iR KOS FHYS Y ARe of more than
about 10pfhpageitesa ghamadbelird0seneiodsedhansghatss 1. 08ho pitssboevttiain wheaus 147, or of
more than a 0 re than about 105, or of more than 5aboyt 104, or of more than about
103 o o o MBS0 T 51 O AT A ST £ S BSGEIE B b eI T

non-tumahig&d MpiKosellsassd in the methods of the invention have a TD50 value of 107 or more.

100551 Itis fu r.contemplated that the non-tumorigenic MDCK ce sed in the m d of the
vemion ave A R eSS TRt e LSRN SRE B imvoive
the inocudatiahegiczetnly sata s gridfan BNAbsIkddasved dimesd denthspeproduandresiatuétiam ofi@ny tumor

formation.gver time (see, X le, Nowinski and Hays, 1978, J. Virol,, 27: 13-8: Peeper, et al.,
2005, Nay B B R B e ol S et A L e oty SR hice 40, Vol s
Chapter prebetiom 7&818380yp) 160g A .ahdcenani pmdretidysatos amst/osiDNATFom Bbleast 107 cell
equivalents arc injected 15 into newborn rodents (e.q., hamster, nude my S ically less then 4
s ol W A A O G R D S R o I MR ey
performetivbypominenerciainidsting parhpeaiesrieg shBiolRg linatabe seerPantcoalpaAdbltd3dransl 4001030).
In one emgggli,rrplg t celljg}/f ta(izgdan1 o&P&lﬁ:from at least 105, or at least 106, or at least 107
non-tum@rlgenlc H)s elis Used in the ‘methods of the invention do not induce tumor 20formation in
2 months, or if@32dntRszwe iS4 rexentk photogsaptenihduadsinchmedthrepnobilorgetorehengrifected into a
newhorn nt species. In another embadiment,.0.01 mq, or.0.0 or,0,03 mg, or 0.04 mg, or 0.05
o 0 O e S e B ar S oS B e e R SR T e
non-tumanigeriaritb GKsbetimosed unitigeATE thousgohtbe saveatiser doatenindacegtuporciatmation in 2
months, gr in 3 months, or in.4 orins 2 nths, or.in 6 months r, yyhen injected into a
mewhor S e B B e pc
cells) used in the methods of the invention support the replication of viruses including but not limited to
orthomyxoviruses (including influenza A and/or B szgains), paramyxoviruses (including RSV A and/or
B, human metapneumovirus and parainfluenza 1, 2"and/or 3), 30rhabdoviruscs and flavoviruscs.
[0057] In a specific embodiment, the MDCK cells (e.g., non-tumorigenic MDCK cells) used in the
methods of the invention support the replication of cold adapted temperature sensitive, attenuated
influenza viruses such as those found, for example, in WO 2010/036760PCT/US2009/058157 FluMist
(Belshe eta]., 1998, N Engl J Heti 338:1405; Nichol eta]., 1999, JA MA 282:137; Jackson et al., 1999,

\/arcine 17100\ anAd/Ar raacenrtant viriicace ~comnricina thea harlkkhane fa A the remaininA Aana



15to, those disclosed in Patent Publication WO 08/105931 (see in particular Example 12). 100591
In a specific embodiment, the MDCK cells (e.g., non-tumorigenic MDCK cells) used in the methods of
the inventioWOUAHM3tHE replication of influenza viruses ((e.g., ca/ts strainsP¢d"A B8/ 4 1550/mL
and/or a logi0 FFU/mL of at least about 7.6, at least about 7.8, at least about 8.0, at least about 8.2,. at

least about 8.40p8Rast AR B catdRast ANAERIB S AblaastAlONLY . IRastaarh Sisat least

about 9.4, at least about 9.6, at least about 9.8, at least about 10.0. In another specific embodiment,

the MDCRIEEAM ST tHEom ErAReIS O theSFRRSETSH Subissr S rsnerass Bemhankessliruses (e.g.,
ca/ts strapasldo & }odi® Ty Esedrd-saod/ Qs uiogiofiitipele Rkidh pastahau o HsabliRAskAyd, at least

8.0, at least 8.2,. at least 8.4, at least 8.6, at least 8.8, at least 9.0, at least 9.2, at least 9.4, at least

9.6, at leRSHOESBAP T HEPIRED B VHIEals ¥ Resie ErABd s drs RNt 888N the methods

of the inv@fiigde 2y elioR-tetRRIge Dicteatut@ORRE Thewildpypre mfluenza viruses used in preparation of
the vaccine strains for annual vaccination against epidemic influenza are recommended annually by

the Vaccines dR834bIatd ES S GIesPBdaan U IRMASE o RATES T thB Entetadd? BbiBlics
EvaluationadanthRaseartkR (GBEMLeEIthe We ] et Qrgpnirating (MHE) auddhpdkrepsan
Medicines Evaluation AgenﬁﬁgMEA), and are provided to manufacturers by the FDA or the Centers
for DiseaS¥ EEREFLIIRY bt {iF{E198). These strains may then used for the production of

rcassortant vapg3s|streipsryhichrgRAss elly ool oRriieatdramd/or THi GRRESOtdNeW limd S WO
2010/036760PCT/US2009/058157 type viruses with the remainin?tqgiene segments derived from a

dond virtié {bRERSRRE R 10/28 I RvASkP iU S NSV wARS O Rat dertaiRerésirhble
charactegsiiasn g HaeXa Rl Rid M Mrstsaiinay deoselskadapted, and/or temperature sensitive,
and/or attenua nd/or have a high growth rate. The embodiments that follow immediately below 5
relate to cold-iggf)@d,]édﬁ'ﬂﬂ%?%e%ﬁgpé% SRR AT ARAT AT Al SRH B BN g A&t Haenra
strains (esowihd BYpeostFaINS racamnoweREed ey maia heplbieganization)R&uemcold-adapted,

and/or temperatuye sensitive, and/qr attenuated influenzg viruses can,be made by obtaining
recombirtaH N ERG FAb= ARG RO BT OBt LB 4 NEC GBS Fihes from
the Sfrairnpeiliriktest e s Mainkegigeneat Segrsonisiransealkl) suitable cold-adapted, and/or
temperature sepsitive, and/or_attenuated influenza strain (also.referred to herein as a "cold-adapted,
temberaturo SUIEA e, U At dt DAL SLF L HBb B A 18 PGB R porature
sensitivetratiied faten imflueoz & ith e SaunIEDFUMIse (aRABMA AdyaribordEamhe & B A

Arbor/I/6 use rein binant and/or reassortant virus that comprises HA and NA gene
segment?%?f%’él [ @g@@f%ﬁ? ' 15virus strain and the remaining gene segments from a virus that
is cold-adapte@09a8]orRgnmpelatprasqen pitveranst oclhtehuatetionflughpa-Reassortan? aind/or

bi ' ferred t ' in designat b f
e et o R S VLt AR B e UG Lt B hprises

and NA geaacteBrashis) fodn0AINe Wil dd driadROCOnd ). tiRhoespaipingveeg miesit s fibmisuceld-
20adapted, t ure, sensjtive, attenuated influenza virus _(e.g., A/Ann Arbor/6/60) may be
cosignat Bl L N BT AT RN I8 SHa e 1 LTS ATE HET O el

(e.g., norRambrigeRjaMPEK cells) used in the methods of the invention support the replication of a

cold-adapted, and/or temperature sensitive, and/or attenuated version (e.g., reassortant) of at least

one influenza 25strain (e.g., an inflyen trai ' rain) recommended and/or

provided annually by one or more rlﬁéal mﬁﬂlﬁﬁﬁg f%, not limited to, the CBER, the

WHQ3, the EME3¥1e ARAmasttinenCdaGoipalogio MGhDSRTddacidlok Hildegho sckldtial of at least

about 7.6, at Ieastéb ut 7.8, at Jeas ;bout 8.0, at Ieafzt .abOé,It 8.2,. at least .aboutg at least about
igf . ol

8.6, at leAR B S S NS PIOSNFYBR AL SR RRL ELBLY'S (4 AU UBAAL YU O 8t dBut 9.6, at
least aboatttéh &irlpasitabauic] dibghosticpthenapatifiapembostinhe rtpéhd MBRGK tielsateoss,

non-tumarigeni¢, MDCK cells) the methods of the invention support the replication of a
Cold-adadiEn SHETEP RS o B SeKeh: AHRTI A OoRE UGB (4 0 BECos BIRFEISE teast
one influénparsivaiar (ehg prapeiitfinenzitoA sivaidearo BAOZEROM For BRHTOILEE20ADEBB157 influenza B

strajn) recommended and/or provided annually by ane or mare, health organization including, but not
il to RSB 8 TG e BV HRLE LA o EIBE ) o e TR bvor  logio
FFU/mL efratdeastiapbtitot.haatdleast refuiat legan8dyatdeesify?,. at least 8.4, at least 8.6, at least
8.8, at least 9.0, at least 9.2, at least 9.4, at 5least 9.6, at least 9.8, at least 10.0. In certain specific
embodiments, the MDCK cells used in the methods of the invention arc non-tumorigenic.  [0062] In
certain other embodiments, the MDCK cells (e.g., npn-tumorigenic MDCK cells) used in the methods
of the invention support the replication of a cold-adapted, and/or temperature sensitive, and/or
attenuated version of at least one influenza A strain. It is 10contemplated that the influenza A strain
may be of any subtype (e.g., HIN 1, H3N2, H7N7, lisN 1, HON2, H1IN2, H2N2). Presently at least 16
different HA and 9 different NA subtypes have been identified in influenza A viruses. Accordingly, the

influenza A strain may comprise any combination of HA and NA subtypes currently known or identified
in thea fiitrire and/ar mayv ba a2 raaceartant In cartain ecnacificr amhndimente thea MDCK r~alle 11ead in



6.3 Cell Culture Medium and Methods  10064] The present invention provides serum-free cell
culture medium and highly reproducible efficient scalable processes for the production of large
quantities oN@@e1I&IHrial in bioreactors, including single use bioreactorBCEtHAHRPIUYable
bioreactors 30stainless steel and glass vessel bioreactors). In particular, the present invention

provides metheglryr thesenlieatian ptioluanzanvisusas (Ris caflidosantes, @Rd{pptempgrature
sensitive, and/or attenuatet;l%to high titer, e.g., a logio TCIDso/mL and/or a logio FFU/mL of at least

about 7.4 %t1en8f MB f@,ﬂéf%giea%-émflgﬁ@}%m%&ﬁwﬁ@wm theaepliggepn of
2010/0364 QR E<TvkiR2007/AS8 AT beUh B dneh Arieast abesid1Qish iy onR AsRaahdheupresent

invention provides an enriched serum-free cell culture medium that supports proliferation of MDCK
cells (e.g*SPHENRGEHENDEER KElSR YRS RsE &M fb‘&ﬁé’[{?rd’ﬁ‘ah@ﬁﬁfﬁlfa?é% AR ABE A Whhedium
exchange,giem R obtain high viral titers. The elimination of a medium exchange step offers 5several
advantages such as decrease in process time and usage of medium. Moreqver, it reduces the number

of operations réfdited MAHE AR IFREERTAG WA RAtR PERYAdes Sudhnds Al AHeRUIBR G EdMination. In
another aspeeiltieragaminyeRioNfRIaIDE KNy edanabiodsder ggi VPRt f and
non-tumorigenic cells on microcarriers in¢luding bead to bead transfers methods.. In another aspect,
the enricRdHOdN R R BB IHETFACEISHISE H 10YRFHIBR Wﬁaﬁﬂ%gfﬂ@ﬁiﬁmﬁ&nic
charactegstics h@BHUURIOHER RIS M (s CRIff i b RISKE thap BepER MBdilfoced0065] It will be
appreciated by one of skill in the art that the cell culture medium used to prgliferate cells can (i{npact
onelBr mOrecEbr L RereiEenLRE SRt T PR RST (O CHRRRS HOR-TSNBRGE AR Beiny Use
non-ohnclqg@ai@, ‘@r@m%sﬁﬁsia%hlgrmi’cﬁisrg@wm@ammm%ﬁagghlﬁﬁmagl le0 et rﬁgga@oer?ﬁaeli?l-like
morpnoliogy, S orting t replication of varjous viruses when cultured, and supporting the replication
of influer R AU R RGP b HeRU RIS SRS &%3%%%&%?% S ﬂ%‘iwq%'yaﬁﬁventitious
agents (ae@hriyeoplasmas viibsEskanth piions) The wseholiserune arvaniioalexiasisindigsue culture
applications fqr the production of therapeutic (e.g.. vaccine) material should be minimized, or 20 even
ot ot LT A i B I P T SR A OB Aot suitare
process cafisignificantly(decrerase ihelohintyuod REVaminationcpRdsstdinohs oksHyesent invention
provides enric rum-free culture medium useful for the praliferation of MDCK cells (e.g.,

o tumorigorN R A BHTE QA SR A e Tk h RCH e § P, 1
particulaiibeénbiehed serlimifedechligievanedinhR29af thadoyentladitg satredetieditd kerein as
"serum-fre mediugsug{ the invention” and "me iu%]u fthﬁqinvention'% maﬁ/ be used in batch culture
methods THAEEh B E S LY EHER g, oF %pelg AR RBREPARY I FPEiSpment and
use of thetherwinubise invdaliimg DNRevimvesstiesrovasememite okthmdriostchalsnging apesational

problems jn c ture-based production ccine material (e.g., influenza virus), the requirement
For 26 et BRI IS A BIRA TCa T Cred EIME U ECC e 5% ABRAN S ane
inventionvesjepbit steenatolfetaiion aiciraa tinmo igenic DG sc edlsy inkepain dhzoe He sesnains,

non-tumorigenic after proliferation in the medium (i.e., after being passaged). In a specific
embodiw%or?%?%e%%eéWO%%%o‘ﬁ%%’/@%ﬁﬁ%g@%%ﬁ:ﬁ@&Is are non-tumorigenic after at
least 20 gapprdRstighéafter at least 30 passages, or after at least 40 passages, or after at least 50
passages, or after at least 60 passages, or after at least 70 passages, or after at least 80 passages, or
after at least 9[Ppd3sades@rgientt kastclilCpasJagdbdoaiserymdmpempatibutaf thérinvention.
5100671 In another iment, serum-free medium of the inyention support the proliferation of
DCK c o S e e D MR e
medium ofitleeninuention du(epnrStlespralife 186N G Bkscafisl 80 3 dedsitpmpledsh@rw D5 cells/mL,

at least 6x105 cells/mL, at least 5 calls/ st 8x 10 Is/mL., at le X .cells/mL, at
st 1 x 10N SRS SRR St R Rl S Sy T A SRR, e

cells/mL catberspiddxitopicel lsprlicativhe trstiz. Oka06abehspm (] aieletast<® Hx 106 ¢llanedr, at least 5x106
cells/mL, ‘#]%Qg '7.5x106 cells/mL, or at least Ix 107. In another specific embodiment, the serum-free
medium of the invention support the proliferation of non-tumorigenic MDCK cells. [0068] In still another
emBBdiment, 004l frddartediuincodniisriavéritidivaap fort tieenBprolifergtiomot MD@Hd (@g.,
non-tumaqyigeni K.C - ' ' | lcati finf irus to high
Crer with g e o B e um of
the inventibe altgppioon rn profitstatioedsMiDOK el Yothighadeasioy ethtfaubsegaemtlreplication of
influenza ity (5:0h S%It%t%?r@fééif&eﬁl %&%@9{@%@9@{% adogio FRH{ML 21 Al leds! 6.0, or at
least 6.2, 200r at least 6.4, or at least 6.6, or at leasf 6.8, or at Bas 7.0, or at least 7.2, or at least 7.4,
or at least 7.6, or at least 7.8, or at least 8.0, or at least 8.2, or at least 8.4, or at least 8.6, or at least
8.8, or atleast 9.0, or at least 9.2, or at least 9.4, or at least 9.6, or at least 9.8 or at least 10.0 without
the need for a medium exchange step. In other specific embodiments, serum-free medium of the
invention support the proliferation of non-tumorigenic MDCK cells to high 25density and subsequent

replication of influenza virus including, but not limited to influenza viruses described supra.  [0069]
In nne amhndimant cartimofrea maedinim nf the inviventinn comnrica 2 nlant hvwdraolhvieata Dlant



commercial sources including, for example, Marcor Development, HyClone and Organo Technic. It is
also contemplated that yeast hydrolysates my also be utilized instead of, or in 17 combination with
plant hydroPA&d 0948 hydrolysates are readily obtained from a number BEESRHHEVERSNEburces
including, for example, Sigma-Aldrich, USB Corp, Gibco/BRL and others. In certain embodiments,

synthetic\hydrplysaiaibrandeteaadiipastliten vy iReRidsR (i dlamat ysasitidralyrataidn gertain

embodiments, serum-free medium of the invention 5comprise a plant hydrolysate at a final
concentrAERTBIHEVERE BRSIHEEGRCRRASRGINDY/MOsE %%E%?ﬂl@.@lgmotéﬁsbout 4.5 glL, or

between ahpicl A Glodtbanaul i alhy arsbevernabauhilvine/viRRbUshd R cafatyen about

2.0 g/L to about 3.0 g/L. In a specific embodiment, serum-free medium of the invention comprise a

plant hydP6T st rarRrs BB CBAPAITIAOY IS YfiNn another specific embodiment, serum-free

mediim of the[dfiByentimncamdsaarivheatvnydeivsate 3 a {inat Gaacentsationted 2img/L. [0070] In
another embodiment, serum-free medium of the invention comprise a lipid supplement. Lipjds that

may be USSHHSSesEeRO U b shEdR FATIRARER R red fERThree RrRmaGRarY aeYied animal

and plantgigiiveickdipiges urileraaiik as Welassspathetidaly deriar dinisknid-Rids ivRichr ey be present
in a lipid supplement includes buf, 15is not limited to, holesterol, saturated and/or unsaturated fatty

acids (e.§CEHISRIARCAABIBIC HRSIBHCI yHE: 2BfeftS PaIR AT AIINSaRC 4G - @ RiSiesterol may
be presepéah&anegntcaionmpebmesyQdkOmogmmeLantiDdRdngon inecdRyastack ofrlipidssypplement.
Fatty acids may be present in concentrations between 11.1g/m1 and 20 gg,/m1 in a 100X stock of lipid
supPlem&FS O @ﬁ%@ﬁ&eﬂ%ﬁw%}?ﬂmﬁ@amsa (PO BB BHRS SRS of
commergiat&aureasinshddiing danpixanpleyiystases @lcHBRle gheSigana-Addrehinidasertain
embodiments, s f m-free medium of the invention comprise a chemically defined lipid concentrate at
a final coliBhir {gﬂ%\‘%’fﬁ}g% Vdbidut 0.1X to about 2X, or between about 0.2X to about 1.8X or
between abou{@)3# toTaleaird koo, besweanhabau! thibsstotabioutd ifd caetayresnaboulue.5X to
about | .5X, ar between about 0.6X to about 251.4X, or petween apout 0.7X to abqut 1.3X, qr between
about 0 SR PBBIELIR 1 LSRG BHHL A GBS L MR ST (OB TEH B mprise a
chemicalijdefinecbipid Saptentrata(Cheidesoldtinn atq.final eonsquirgion Af dxothemnother specific
embodiment, serym-free mediym of the invention co Lpnse the chﬁeé‘mcallg defined lipid concentrate
(CDOL) SOTBIF (T4 c) B RSB CRREFGIOHCER R BUTB6APIA GBS embodiment, serum-free
medium of the[oo4mtionheasiriseciarestlementitivigacestiaapisiWind maydascdsact ivellde but are
not limited to, CuSO45H20, ZnS04.7H20, Selenite.2Na, Ferric citr,agg nSO4H20, Na2Si03.9H20,
Molybdic ZEWTAM S Affint Sa* NS/ IS8R ST HRRy S US AR TR 36° K01, wo
2010/03 &bt E 2/ LIBAORPM 283:4dr BaliclbidG2)izetdB p, Kighst ZrijetileH2 ., 392C; (@atiyelious), NaF,

GeQ2, K1, RbCI, ZrOC128H20. Concentrated stgck solutions of frace elements arc ily obtained
a0 R S BERTHGH S s UG o BAE (0 05 S ro e Ao 068 65,
99-175 apat&8r 1dd)ctinrcar tidgier ambogdhveriapsennun;ftee, 3iEdivaadl the mientiaompenptise STrace

Element Solufj B and C (Table 4) at a final concentratiqn élb tween abqut 0,1X to about 2X, or
peween SBodt 0o SHBTFE A O SRS BOXTB S eA P iedol SA OIS X o
about 1.6Ks eirbetwiebitsabbighrpiaethbhetst d .5 Xovar bahpeanuakaus 0 2BXovithout 004%]dosthstween
about 0.7X to about |..3X, or between about.( and about | .2X.. In,a eci% embadiment,
corum- AR STUBHON  RoriceCrrict OB STl RO e P (T able 4) a 2
finel Tongedicatitenhaf the vir{laZldatanatier gmpaodiment ofdcuntfiae inediuktaitbke indantion
comprise one or mpre hormane, growth factor and/or .other biological ecules. Hormones include,
oot are. R B R S D e e o e R e ot
limited toviapicenwitl Browitdkactire(teGpys | nsulinrGrovetth Feadoert {16 Fydicaossdessitigpd 3@rowth Factor
(TGF) and Fib rqwth Eactor FGF%3 articular embodiment, serum-fre % of the
nvertion CohioA L LR A Ber) T IS TR F e Stokines
(e.g., Grahatiocytererthenolifatpddablonisstiowthtin G Fa(C ter g GWVitIS 2 0fdd{eroh & lnte e kind, TNFs),
cheyoki : ntes, eotaxins, macrophage infla tory prat insdgMIP‘sA)%)[Eﬁn rostaglandins

(o o ol e R T e R B e R oS IR SR Somprise
a growth faetay atfa fimets ¢ons eattatipr ot bettvd pmdlout Quodd inft edoaui e OBnesy/p, the between about
0.0005 to a.boatft Or.e()gpomgélfmo\;hbl%tevgeen aboatgg Od%ojtlég 1<;;1ll\)lgutt.0.0 n&% glrdpc% een, bout 0.002 to
about O.C?&immg , Or between about e(‘j[}f)%pmg {0’ about O%(l)%nmgfl_ na speuﬁc embodiment,
serum-free medium of the invention comprise EGF at a final concentration of 25 0.005 mg/L. In a one
embodiment, serum-free medium of the invention comprise triiodothyronine at a final concentration of
between about 1x10112 M to about 1E10112 M, or’between about 2x10-12 M to about 9x10-12 M, or
between about 3x10-12 M to about 7x10-12 M, or between about 4x10112 M to about 6x1012 M. In a
specific embodiment, serum-free medium of the invention comprise trilodothyronine at a final
concentration of 5x10112 M. In 30 one embodiment, serum-free medium of the invention comprise

insulin at a final concentration of between about 1 mg/L to about 10 mg/L, or between about 2.0 to
ahniit Q 0O mal/l Nnr hatwean ahnirit 2 ma/l o ahoirit & maAa/l In a enacificr ambhodiment cariimofrao



concentration of 0.025 mg/L. In another specific embodiment, scrum-free medium of the invention
comprise prostaglandin El at a final concentration of 0.025 mg/L. 100731 In still another
embodiment & UMAEEmedium of the invention are fortified with one or nRSr& HRMAM#SEBhponent
selected from the group consisting of putrescine, amino 10acids, vitamins, fatty acids, and
nucleosigdgantiyspefiticamedimantiaseumdredneivoLof taritvertsnaedariiaditesone or
more medium component such that the concentration of the medium component is about 1 fold, or
about 2 619 6} 396 b S Y fold, or about 5 fold higher or more than is typically found in a
medium ré)k't@eqig used for propagating cell, such as, for example, Dulbccco's Modified Eagle's
Medium/Ham's F12 15 medium (DMEM/F12). The standard composition of DMEM/F12 is provided for
reference beloW0asT abigd.ckllaspeiticianthadimsotibzdriefcfreamediuen Qltoe invantiehaatfortified
with ég)utres ine. In ﬁgother Sgé:f:fiﬁc embodiment, Eerum-fr,ee me&ik{m of the invention are fortified with
putrescint® S8 AR PSRBT RSP USSR REFBH IS PO RGHEESor MRS, than is typically
found in Briviolifrdnt, 2100 éAhfwily aktiss il may detéarifiectinedaey uh sad atetplatiylacid,
including b tnotfl{iﬁ)lmited to, linoleic acid and a-linglenic acid (also_referred to as essential fatty acids)
as well a&f lﬁh@?& SR, oL ErTE RO B kP S MARRE R &SRS CHICSaRITERbE S cid, erucic
acid, docadbhexrenedovacisksshiiviabed hatbirmaid propalgiduadoibutinothliimite dussdptitdnaic acid, hexanoic
acid, octangic .acid, decanoic acid, dodecanoic acid, tetradecanoic 25acid, hexadccanoic acid,
octadeca]ﬁﬁ%’fftboé} YeitoSdNB e acid, docosanoic acid, tctracosanoic acid and sulfur containing fatty
acidg including 09t ahichre eebedmesmb daiehis stioe seruin-fee el ¢épaiiethetdheatevention are
fortified with extra fatty acids jn addjtion.to that provided by a lipid supplement as described supra. In a
specifc CHUGATT A BTG St S SRR LD A BT A S G RS oo
acid. In avietibey dpecificd3enkadibgntsguted-fremdheidivot akdhe ihireintid o avefordiiagd @HO linoleic

acid and linplcpic acid su the.c ation lingleic,acid and linoleni i abpout 5 fold
righer, of HorBLRA 4ty RS 0hc ML OMERTELI NG S folter P e o0 ose5r
100751 Amingpadiitsenthictimay, becfoctiiaddniinaludaithe desentye d terdardaridio @eidsi(ataginc,
argininc, asparagine, aspartic acid, cystei lutami¢ acid, glutamipe, glycine, histidine, isoleucine,
o S RS R ATy DO o e G Gy PSS vl
as well agssystinel amdiswensstantiagdrdinimaacids, htceraiyfedinddib€ltseldne or more amino acids
which are not S)@ar;esized by non-tumorigenic MDCK cells, commonly referred to as "essential amino
acids", afe%drtif .%r%ﬁ‘(lé?nple, eight amino acids are generally regarded as essential for humans:
phenylalanine, yaline, inetryptephan, .isol ne, methionine, leucine,.and lysine. In a specific
embodiment, grﬁlljg -frgzlﬁnegjfﬁ%r%gg{f ?r%g%%%oti%ﬁ%éré’t (I;Ire'[ii‘?gga %?%ag)gisl{lg el%‘?lrjﬁl(?% t’t (lemélteé%sard amino
10 acids eixgesstighitalmmbuDE iFEdDt s aftonsormstatadiwdihg bughaahmmedwhich is added
sepgfatel ' of i ino aci e 5 fold
g o R e R e
medium oflieiavadelyrusediprides gitaduwairm an BuconcamrstiorHozanesmalsoLabbas, wayric to about
1022 mg . t . ., QF 4 L to about
730 mg/ ﬁrﬁﬁ%ﬁﬁ?@%ﬁ%ﬁé{ {é%h%b%a%%w{%n?fggﬁ? r%%-gf%elgnrﬁé%iol?rﬁ?@ ﬁ%ﬁéﬁ%ﬁ%ﬁ%ﬁﬁ?@g glutamine at
a concenitrstiotoof584idag Mmuithods 1Qprdifevitamimstwhicigenay MO (dftitidlth imslude thesars fiot limited
to, ascorhyg @%{i&/ﬁ%@oﬁiﬁm@ﬂz@v i Ze%lﬂ;?%@o?ﬁm%gﬁ'&'bge%%8?&@&%&11%@8&%@&98%@(V“ D3),

) 1 )
cholinc chloride, cyanocobalamin (vit B12), ergocalCiterol (vit olic acid (vit B9), menaquinone

20Vt K2imvapbomasitek piacinaendsbatMBEKrelnin baottsiccathdd pagnbtiermectisid ¢iithe5),
phylloqui&%ﬁt{gg ﬁﬂ}z@ﬁﬂeﬁr‘c‘%ﬂgifégﬁr@s‘g%?lt&\ﬁfo@i)%neﬂ@ﬁl?avm (vit B2), alphatocopherol (vit E) and

thiamine (vit Bi). In a specific embodintent, scrum-free medium of the invention are fortified with

d-biotin, D-caldi¥l pahwtHemmegensIME cliaredid irstanbtsbbarnbia ufdike d didthsystimskief,

niacinamygle; Ryridaxine. fOaVIR. ADAHNATIIRE ARSUSIHDAGIRG BQ&?Q%&%&'&%@W&% indicated
vitamins arc about 5 fold higher, or more, than is typically found in DMEM/F12.  [0077] Nucleosides

which m@t@@i@niﬂé@qr@n@@é@ Ggl}aeémhﬂﬁﬂb@myﬁyiroriB@}lm@ndel\/é@@ﬁwn‘é;gmid@sﬁ@?) '
thy@bd'”%n"&8?5&%@'3%HXB%%B%P&A%@B@&'K%@@éﬂ&ﬁ%o%?ﬁ%%@@dﬁﬁéﬂM"AQ&%B@ invention

arc fortified with hypoxanthinc and 30 thymidinc such that the concentrations of hypoxanthinc and
thymidinédasecapagt RS highel MP s reF ikan iesppsteedly iataseidcpnid m Octiador 81 2A86itional
components that may be added to cell culture medium include, but arc not limited to, sodium
bicarbonate, a carbon source (e.g., glucose), and iron binding WO 2010/036760PCT/US2009/058157
agents. In one embodiment, serum-free medium oflfﬂe invention comprise sodium bicarbonate at a
final concentration of between about 1200 mg/L to about 7200 mg/L, or between about 2400 mg/L and
about 6000 mg/mL, or about 3600 mg/mL and about 4800 mg/mL. In a specific embodiment,
serum-free medium of the invention comprise sodium 5bicarbonate at a final concentration of 4400
mg/mL. In one embodiment, serum-free medium of the invention comprise glucose as a carbon

source. In another embodiment, serum-free medium of the invention comprise glucose at a final
cnoncantratinn of hatwweaan ahniit 1 A/l ta ahoitit 10 A/l ar asharit 2 A/l to ahotit 10 A/l or ahonit 2 A/l



25 derivative in an excess molar concentration to the iron present in the medium at a molar ratio of
about 5to 1, or about 3 to 1, or about 2 to 1, or about 1.75 to 1, or about 1.5 to 1, or about 1.25 to 1. In
a specific eMYSbHIHERE’eErum-free medium of the present invention compriBe3/FR3PAGARIEL a final
concentration of 0.25 mg/L and ferric ammonium citrate (FAC) at a final concentration of 0.20 mg/L

and (seeqfdssI@kle Rr GO 1t N aelpion @f spinpoRentsasidesai R SHER LY A NSIUM

formulation can alter the osmolality. Accordingly, in certain embodiments, amount of one or more
componehit® &SRt Fohd in DMEM/F12 is reduced to maintain a desired osmolality. In one

embodiment, ti@spncentiatiomeficediyrveiionds Naghda reeduaetin asaimniies WQhose
2010/036760PCT/US2009/058157 medium of the invention. In another embodiment, the concentration

of NaC1 Mhichdrin irsa deaaifst SrithdhavinaBRaR Drsut BEWRER!asHAR odtsiaresitdéds, or about
20%:to apepb&0KueLPapoyt 30 % doralayt D% Aoy MO aPouLER YD RS typically found in

DMEM/F12. In a §§epific embodiment, the final concentration of NaC1 in a serum-free 5 medium of

the inverfSSASREB) oSS RRsA AL GRS IORENREL B L 2043 inatsl MO AR tESE final the

concentragigpne MaCimepssiuNvireeruedivem 3 ok invesomis GROO ML 100811In certain
embodiments, the number of anjmal geri,ved components present in serum-free medium of the

invention are riillinlzel 8rBSEe A TEoNE AR IEERERIn MO C P Y 4HishI8 FREombinant

proteins shighols M&ﬁ%ﬂ@?ﬁttb@@@ﬁﬁﬁ-ﬂﬁﬂ&ﬁgé{%ﬁﬁeﬁﬂ;ﬁ'@i@@éﬂ&% Eﬁcdﬁi-e@&‘é%@ﬁmsleduztfies |
Cat, No. 01-818-1, and Millipore Cat. No. 9701, respectively) may be utilized instead proteins derive
from’an & €38R SACE B SO UMER e AL A BN G%Sﬁhﬁ i she %f%éd by

non-animgtHeiivashiisadueifonitinibe gxie piion ofjshelesieral sntukhmtaydena/eotopieapnt of a
chemically 15defined lipid. mixture, To minimize the risks typically associated wjth animal derived
oot TRTELHST I Sy SR TS T S0 B G Epfloc e L O o AR et U

adventitieus ageaniz RMECng:1buiseatiimited dmediostthe id088-Inara spetifisepoadimens, scrum-free
medium of the inyention comprise all the components of the. Mediy SFM 110 mediuym listed in Table 3,
at the findP KB R PRI TS HCRA RS A THOHRE R BB SRR P AR of the

invegtionteansisicerseniiadly. ofrlidhe eompanes st ehbeshMiubidyi dehi: vEDLKNcistedsid Tigble 3, at
Consistni RSO SROPRC TR TADIEPT Ll et CBAOA 1 e TRVBIEH. 5  able
1.DMEM{Rjt2tdedivm dhocknedation SeropasysivilipgiiplCdmporenbig/ilabaiis 1Asifafgids Calcium
Chioride, Anlydtoue 16,6, L Alanne 4 45 R0nSRUm EHA9R 2000 ARSI 4GS
tumorigenic after at least 20 passages, or after at least 30 passages, or after at least 40
20  passages, or after at least 50 passages, or after at least 60 passages, or after at least 70
passages, or after at least 80 passages, or after at least 90 passages, or after at least 100
passages. In still other embodiments, non-tumorigenic MDCK cells used in the methods of
the invention 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 at least 60 passages, or after at
25  least 70 passages, or after at least 80 passages, or after at least 90 passages, or after at least
100 passages in a serum-free medium of the invention (e.g., MediV SFM 105 + TE, MediV
SFM 109, and MediV SFM 110).
[0054] Tumorigenicity may be quantified in numerous ways known to one of skill in
the art. One method commonly utilized is to determine the “TDsy” value which is defined as
30  the number of cells required to induce tumors in 50% of the animals tested (see, e.g., Hill R.
The TDsg assay for tumor cells. In: Potten C, Hendry J, editors. Cell clones. London:
Churchill Livingstone; 1985. p. 223). In one embodiment, the non-tumorigenic MDCK cells
used in the methods of the invention have a TDs, value of between about 10'° to about 101, or

11



L-Asparagine H20 7.5 Potassium Chloride 311.8 L-Aspartic Acid 6.65 Sodium Chloride 6999.5
L-Cysteine HO- H20 17.56 Sodium Phosphate, Monobasic, Monohydratc 62.5 L-Cystinc 2HCI 31.29
Sodium Pho¥Praid/a34kelsic, Anhydrous 71.02 L-Glutamic Acid 7.35  Glydhd/V82987/00357
2010/036760PCT/US2009/058157 Trace Metals L-Histidinc HC1 H20 31.48 Cupric Sulfate,

Pentahydyate-8 et L ISRIQBONEL 0°, or between about 107 to about 10%. In a specific
embodiment, the non-tumorigenic MDCK cells used in the methods of the invention have a
TDsg value of more than about 1010, or of more than about 109, or of more than about 108, or
of more than about 107, or of more than about 10°, or of more than about 10°, or of more than
5  about 10", or of more than about 10°, or of more than about 107, or of more than about 10"
In a specific embodiment, the non-tumorigenic MDCK cells used in the methods of the
invention have a TDs value of 107 or more.

[0055] It is further contemplated that the non-tumorigenic MDCK cells used in the
method of the invention are also non-oncogenic. Methods for determining if cells are

10 oncogenic generally involve the inoculation of cell lysates and/or DNA into newborn rodent
species and evaluation of any tumor formation over time (see, for example, Nowinski and
Hays, 1978, J. Virol., 27: 13-8; Peeper, et al., 2002, Nat Cell Biol., 4:148-53; Code of Federal
Regulation (CFR), “Oncogenicity”, Title 40, Vol. 8, Chapter 1, section 798.330, pp. 160-
164). For example, cell lysates and/or DNA from at least 107 cell equivalents are injected

15  into newborn rodents (e.g., hamster, nude mice, rats) typically less then 4 days old which are
then monitored for up to five months or more. Oncogenicity assays are routinely performed
by commercial testing companies (e.g., BioReliance, see Protocols #001031 and #001030).
In one embodiment, cell lysates and/or DNA from at least 10°, or at least 10°, or at least 10’
non-tumorigenic MDCK cells used in the methods of the invention do not induce tumor

20  formation in 2 months, or in 3 months, or in 4 month, or in 5 months, or in 6 months, or
longer, when injected into a newborn rodent species. In another embodiment, 0.01 mg, or
0.02 mg, or 0.03 mg, or 0.04 mg, or 0.05 mg, or 0.06 mg, or 0.07 mg, or 0.08 mg, or 0.09 mg,
or 0.10 mg, or more, DNA from the non-tumorigenic MDCK cells used in the methods of the
invention do not induce tumor formation in 2 months, or in 3 months, or in 4 month, or in 5

25  months, or in 6 months, or longer, when injected into a newborn rodent species.

[0056] It is contemplated that the MDCK cells (e.g., non-tumorigenic MDCK cells)
used in the methods of the invention support the replication of viruses including but not
limited to orthomyxoviruses (including influenza A and/or B strains), paramyxoviruses
(including RSV A and/or B, human metapneumovirus and parainfluenza 1, 2 and/or 3),

30  rhabdoviruses and flavoviruses.

[0057] In a specific embodiment, the MDCK cells (e.g., non-tumorigenic MDCK

cells) used in the methods of the invention support the replication of cold adapted

temperature sensitive, attenuated influenza viruses such as those found, for example, in

12



54.47 Ferric Nitrate, Nonahydratc 0.05 L-Leucinc 59.05 Ferrous Sulfate, Heptahydrate 0.417
L-Lysine HCI 91.25 Zinc Sulfate, Heptahydratc 0.432 L-Methionine 17.24 L-Phenylalanine 35.48
Other L-Priihet19387strescine, 2HC1 0.081 L-Scrine 26.25 Sodium Bid4rbai$3sao28057
L-Threonine 53.45 Sodium Pyruvatc 55
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FluMist® (Belshe et al., 1998, N Engl J Med 338:1405; Nichol et al., 1999, JAMA4 282:137,
Jackson et al., 1999, Vaccine, 17:1905) and/or reassortant viruses comprising the backbone
(e.g., the remaining gene segments) of these viruses or comprising the backbone (or one or
more VRNA segment(s)) of influenza viruses having one or more of the following
characteristics: cold adapted, attenuated, and temperature sensitive.

[0058] One indication of the ability of a cell to support viral replication is the yield of
infectious virus obtained from an infected cell culture. Viral yield can be determined by
numerous assays designed to measure viral infection and/or growth. For example, viral yield
can be quantified by determining the concentration of virus present in a sample according to a
median tissue culture infectious dose (TCIDsg) assay that measures infectious virions, a
fluorescent focus assay (FFA) that detect virus antigens within infected cells in a cell culture
monolayer (see for example, U.S. 7,262,045). TCIDs, values are often reported as the logo
TCIDso/mL and the FFA values are often reported as logio FFU/mL (fluorescent focus
units/mL). Methods useful for the production of influenza viruses include, but are not limited
to, those disclosed in Patent Publication WO 08/105931 (see in particular Example 12).

[0059] In a specific embodiment, the MDCK cells (e.g., non-tumorigenic MDCK
cells) used in the methods of the invention support the replication of influenza viruses ((e.g.,
ca/ts strains) to a logio TCIDs¢/mL and/or a log)o FFU/mL of at least about 7.6, at least about
7.8, at least about 8.0, at least about 8.2,. at least about 8.4, at least about 8.6, at least about
8.8, at least about 9.0, at least about 9.2, at least about 9.4, at least about 9.6, at least about
9.8, at least about 10.0. In another specific embodiment, the MDCK cells used in the methods
of the invention support the replication of influenza viruses ((e.g., ca/ts strains) to a logio
TCIDso/mL and/or a log;o FFU/mL of at least about 7.6, at least 7.8, at least 8.0, at least 8.2,.
at least 8.4, at least 8.6, at least 8.8, at least 9.0, at least 9.2, at least 9.4, at least 9.6, at least
9.8, at least 10.0. In certain specific embodiments, the MDCK cells used in the methods of
the invention are non-tumorigenic.

[0060] The wild-type influenza viruses used in preparation of the vaccine strains for
annual vaccination against epidemic influenza are recommended annually by the Vaccines
and Related Biological Products Advisory Committee to the Centers for Biologics Evaluation
and Research (CBER) or the World Health Organization (WHO) and the European Medicines
Evaluation Agency (EMEA), and are provided to manufacturers by the FDA or the Centers
for Disease Control and Prevention (CDC). These strains may then used for the production

of reassortant vaccine strains which generally combine the NA and/or HA genes of the wild-
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L-Tryptophan 9.02 L-Tyrosine 2Na 55.79 Vitamins L-Valine 52.85 d-Biotin (vit B7 and vit H) 0.0035
D-Calcium Pantothenate 2.24 Nucleosides Choline Chloride 8.98 Hypoxanthine, Na salt 2.39
Cyanocoba¥QiP1${P3819) 0.68 Thym d ne 0.365 Folic Acid 2.65 myo-Ind&iB{US2M§9/058157
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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 sensitive, and/or
attenuated, and/or have a high growth rate. The embodiments that follow immediately below
relate to cold-adapted, and/or temperature sensitive, and/or attenuated versions of different
influenza strains (e.g., wild type strains recommended by one or more health organization).
Such cold-adapted, and/or temperature sensitive, and/or attenuated influenza viruses can be
made by obtaining recombinant and/or reassortant influenza viruses that comprise the HA
and NA gene segments from the strain of interest and the remaining gene segments from a
suitable cold-adapted, and/or temperature sensitive, and/or attenuated influenza strain (also
referred to herein as a “cold-adapted, temperature sensitive, attenuated backbone) such as,
for example, the cold-adapted, temperature sensitive, attenuated influenza viruses found in
FluMist® (ca A/Ann Arbor/6/60 and ca B/Ann Arbor/1/66). As used herein a recombinant
and/or reassortant virus that comprises HA and NA gene segments from a wild type influenza
virus strain and the remaining gene segments from a virus that is cold-adapted and/or
temperature sensitive and/or attenuated influenza. Reassortant and/or recombinant virus are
also referred to by the wild type strain designation preceded by one or more of the identifiers
“ca”, “att”, “ts”, for example a recombinant and/or reassortant virus that comprises HA and
NA gene segments from A/New Caledonia/20/99 and the remaining segments from a cold-
adapted, temperature sensitive, attenuated influenza virus (e.g., A/Ann Arbor/6/60) may be
designated simply “ca A/New Caledonia/20/99.”

[0061] In certain embodiments, the MDCK cells (e.g., non-tumorigenic MDCK cells)
used in the methods of the invention support the replication of a cold-adapted, and/or
temperature sensitive, and/or attenuated version (e.g., reassortant) of at least one influenza
strain (e.g., an influenza A strain, an influenza B strain) recommended and/or provided
annually by one or more health organization including, but not limited to, the CBER, the
WHO, the EMEA, the FDA and the CDC, to a log;o TCIDso/mL and/or a log;o FFU/mL of at
least about 7.6, at least about 7.8, at least about 8.0, at lcast about 8.2,. at lcast about 8.4, at
least about 8.6, at least about 8.8, at least about 9.0, at least about 9.2, at least about 9.4, at
least about 9.6, at least about 9.8, at least about 10.0. In another specific embodiment, the
MDCK cells (e.g., non-tumorigenic MDCK cells) used in the methods of the invention
support the replication of a cold-adapted, and/or temperature sensitive, and/or attenuated

version (e.g., reassortant) of at least one influenza strain (e.g., an influenza A strain, an
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Fatty Acids Niacinamidc 2.02 a Linolcic Acid 0.042 Pyridoxine HC1 (vit B6) 2.031 a DL--Lipoic Acid
0.105 Riboflavin(vit B2) 0.219 Thiamine HCI (vit B1) 2.17 6.3.2 Bead to Bead Transfer = 100831
In one emb¥MEHYOGIYumorigenic MDCK cells are cultivated as adhererR eENSYUSEFace to
which they attach. Adherent surfaces on which tissue culture cells can be grown on include but are not

limited 0 $HIEASE BAHIBdROMAMIRRE HRFSICHRAARIRMRARE SHRsEmbethedlBfonectin and/or

collagen coated glass/plastic) as well as a large varietégof commercially available

microcarRERBEAeIHRSydR e RybRa HEY5d4asths e R ER - oo MALEH isrERME &t O ethipead,
Flow Laborstories:1sBereIppalyragi/ti-anatauing kead e siiebag rila.1Salotell afisnsArbor;

Cytodex 1 and Cytodex 3, GE Healthcare Life Scienceég. Microcarrier beads are small spheres (in the

range of 100 ChicAisH Bmblerytdide priiated1atdeastitlcat dray for- it &t growth per

volume ofcgglocsilBneasior ©xamale pInglediesialsmedidrrsssinaae thoveBtan2Asilignn
microcarrier beads praviding greater than 8000 square centimeters of growth surface. The choice of

adherent26sERoLs pE BT IREGURR S ROSHWISTEFYSd for the cultivation of the non-tumorigenic

MDCK cells. 1i088¢] 1n eneaproaedisned iR MiKIRCMDTTHSHES deat. neaneairalianofibetreen
about 1 to gbout 4 g/L, In anotheé?mbodime,nt, the microcan-jer is used at a concentration of WO

2010/036FEOPETISDEFBRIRYT0F HleisRiMsPpat Hisdapacgiion Sl relf adamistinieh®e the culture

vessel (eigmbigraastandgiseedetovithdhaibDikicallstta hasWidredlata-seesingdensity of about 0.5
to about 2x105 cells/mL In a spﬁcific embodiment, the seedin den(sity is between about 0.7 to about

1.8%00s cOSHNtSH hatibe nipGRED S 15 By 106X #9¥ SERERTL e datVeds Neddio to 5about 1
.4x10s cHlisimH, 85 hemwgan BbourrkQiayanduist . Px idbcealimla e dittinalyNtA&ubtypes

have been identified in influenza A viruses. Accordingly, the influenza A strain may

comprise any combination of HA and NA subtypes currently known or identified in the

future and/or may be a reassortant. In certain specific embodiments, the MDCK cells used in
15  the methods of the invention are non-tumorigenic.

[0063] In certain other embodiments, the MDCK cells (e.g., non-tumorigenic MDCK
cells) used in the methods of the invention support the replication of a cold-adapted, and/or
temperature sensitive, and/or attenuated version of at least one influenza B strain. Influenza B
viruses are not currently divided into subtypes based upon their hemagglutinin and

20  neuraminidase proteins; rather they are classified by lineage. Presently, influenza B virus
strains are divided into two lineages, the B/Yamagata and the B/Victoria lineages of which
there are numerous sublineages. Accordingly, the influenza B strain may be derived from
any lineage and/or sublineage currently known or identified in the future and/or may be a
reassortant. In certain specific embodiments, the MDCK cells used in the methods of the

25  invention are non-tumorigenic.
6.3 Cell Culture Medium and Methods

[0064] The present invention provides serum-free cell culture medium and highly
reproducible efficient scalable processes for the production of large quantities of vaccine
material in bioreactors, including single use bioreactors, standard reusable bioreactors (e.g.,

30  stainless steel and glass vessel bioreactors). In particular, the present invention provides
methods for the replication of influenza viruses (e.g., cold-adapted, and/or temperature
sensitive, and/or attenuated) to high titer, e.g., a log)o TCIDso/mL and/or a log)o FFU/mL of

at least about 7.4, or at least about 7.6, or at least about 7.8, or at least about 8.0, or at least
15



seeding density can be calculated on a per microcarricr basis. Accordingly, in certain embodiments the
culture vessel (e.g. bioreactor) is seeded with the MDCK cells to be cultured at a seeding density of
about 10 to Wsb#184036&#%/microcan-ier, or of about 12 to about 38 cells/midoEARIEp/058157
cells/microcarrier, or of about 14 to about 36 cells/microcan-ier, 10or of about 16 to about 34

cells/micrgpeatries, of of [BRAWLAE 0RO S GRHSUMIGKOFRITIAE IV i RAGFHAALE AL R

cells/microcarrier. 100851 During the process of subculturing adherent cells (i.e., proliferating the

cells, expSHU tReTbretisardun g shoeepe Rialisertion aloMR(dbsAlle M- 8upBrt surface (e.g.,

flask surfagrorMpGIRCRINEIK QI8 )0 M EWSLERAIHSHRREBmM I s met dBthoa Gam15be utilized to
effect such cell transfer. For example, proteases, inqluding trypsin, TrypLE and collagenase, may be

used to ré¥SBYRESSPHBLRL St Wit Htem-idiet FFetrRc i ¢ rpes e, offfdsdiluted into

a larger flaskrar daiadasgeiMolisnecrfaauerasauies aaitaiingJpesiumR dareXpRAsHRRr, Tthis process is
commonly referred to a "splitting” the culture and may be quantified as the ratio of the original culture

to the finSFHARSADC YIS SLRBIRIOLHIR T e SRS MRppHfactiRne WHRhIn L ARRFRaSEe € 10 mL)

culture iscagsled b7 opasisifeerM CUURR e dFBctetle, pfs Bl Iideyigh BEbmbcAliapatively, the number
of cells in the original culture is determined and. the dilution is calculated based on the desjred seeding

density GBI SIHRECRARH LOMQT AL BIUENCt0 L RR IR HFngBHRe Mrddadsadr such

applicatians SuehmehdaypLE AhovipgercC alishatHed\ chliemaiivelycutabmicdagarsiemeultures, after
the cells have detached fresh medium and/or microcarricr beads may then be added to the culture. In

som& emBYHHRhRaHARS RS LN LR RE IR RaE reiifey IR LURNPILS &Sl Before, during
or after thesaddifq: b ESP- NG RRYQmicrocarriers. 10086] In a specific embodiment, a cell
culture of MDCK cells (e.g., non-tumorigenic 30MDCK cells) growing as adherent cells on
microcarricrs gdedatédwiittbaqpiatedsed ®gantryPikEl). if hiecpiotdasehanayl balinactivaliech(e.g., by the
addition of adp%roteqs inhibitﬁ)r such as Ij[ma bean tré/psfp ilrlmhibi%or. as neebdgd, %nd freﬁh me ium
and/or mitFScRrAEY e Ty Hel b He 818 HE RunGPErRLaie apldih it dhd Bittease
treated cuiirang tramsietoetWe) iROIHHIBEF R ¢ USH3 009055 drinta tdikg ereuliy esvaasel before,
dur'ﬁ or %ter th[e afldiltlion of fresh tip?d.ﬁlgflll and/oilrﬁicrocarrierlgf. 1[1%)089.Thte use. of proteases in
bead to BEad transter methods ¢an rest tllnep%l81fpcg °§3reS§BPn°g arrd Tow Refrcotings.” égg%dingly, the
present inmentiowlais@yroxidesnheihpoisiof Heffegiingteadt o hemddransfeo Wigichtarinimize or even

eliminate ({[Q%rﬁ)rg ﬁn%etlnf pfot%z?él%ent%%qlesﬂ t%g%citlggltle ea to ggdﬁt[rignsfaereiqgl ding but not limited to
the methoasexemp fiedin the Xamples a Sction 8° ) WIRICA € A8 UtIZsd ih ﬁﬁ%’ExampIes in

Section 8rily.chppanicutansitye dndenions) Eheude e minedahatithel artcietd of tproie askuneeded to

release the ¢alls I om'r‘{’emc%&“ic 1506 ﬂ?eee{eedu%l%eeby 9%‘8%%5 20 fold by pre-treatment with 2
chelating %agen , In‘par |0P,ﬁarlby pre- reatment at a‘%H Filghe an'tha useg or the pro?l eration of
the2klls.everl €1088ibtil sdimehe mizod) mants) Heathtonbede tiainstariis facilitateghby pderireating the cells
with a chelating, agent prior to the agdditi n of a protease (e.q., T, Eﬁgl%ﬁther embadiments, bead to
bea ot R s T o ek o Ao wc o
above th#iausedditricedinpialiferatidss. ¢nrecsgbsificnerfrbo dirtrerst pee detincustiing fof tlon-tumorigenic
MDCK cells growin % ent cells on microcarriers i d with a.chelating agent (e.g., EDTA)
g B B S e M B SRS o
embodimeats;ishespi isamoritbred modiabiju steph e nee thtocfaoiliates adetadhrnenttofahee delis from the
micsacarisn20RRSHaIT. AlsL e 65U have detached freshumedium Aodlor migroqan for beads may
then be added to the culture. fn some embodiments, the culture, with or Wlﬁmut %he original
microcarflersismrardsherredetdian/drgery hytuvedvedsed b efdine cduecthgdsrtbdtetothetadidito medifresh

medium an icrocarri 1 In certain embodi the cell ed with a wash
medium (oD i) S o bl T e S el
include, atdrenndt thaitegno okl epesdButiene o Sictinms cRHbteprteBuitered Sallenbullvetco's
PhosphajeBuffer ine.Hanks Balanced Salt Soluti Il ? @flﬁl ? [t SQletion. The
process é?v@éérﬁﬁ%ggﬁ?@%%%s%vﬁ\%sc%epﬁac%]eg a pg%%ibr%%c?}l cEf?of% the me%(i:ﬂ%ra“ grg%row?% énd/or wash
medflim)méthuireshohersde isveilemeitetidnuffered salt solution). The process may 30be repeated
multiple times. mirai e migrecarricr i3, I 49,361 2dime (e.g, 10 to 40
minutes) and tlﬁe gr wtlg?n%cﬁ%%@%mé\slgﬁ rogngét%e%é%xgg. O%ﬁoqr%gﬁl% the 0movgl of medium from
a cell cultueditaiptios pEnrhwdontiitzinghn Gearelitindovishearclgertinntonwesitensee for
example 4 3. Bptd Aedh 1) GRIRAREMRPAIMALLS, RS @E&Q%%%Wﬁ’%@(ﬁi’*@%&%@&l&éﬁﬁ@wm%157
about 50% to about 90% of the medium (growth andsor wash medium) is removed during the wash
step. In certain embodiments, the medium is replaced with a volume of wash medium (i.e., buffered
salt solution) that is less than, the same, or greater than, the volume of medium that was removed. In
one embodiment, wash medium is added such that the resulting volume 5of cell culture is between
about 25% to about 100% of the original working volume of the cell culture. In a specific embodiment,

a wash medium is added to about 40% to about 60% of the original working volume of the cell culture.
In annthar enacifir acmhodimant a2 wach maditim e addad tn ahnirit ON04A +Aa ahnirit 10004 Af the Aricinal



10[0090Q] In certain embodiments, the wash medium comprises a chelating agent. Chelating agents
which can be utilized include but are not limited to, ethylenediaminetetraacetic acid (EDTA),
DiethylenetNe$hiHpekiHEcetate (DTPA), Ethylenebis (oxyethylene-trinitrilo REFARPSYESHTEGTA). In
a specific embodiment, the chclating agent is EDTA. In certain embodiments, the wash medium

comprisegitherchelaling A5aasabakamrontaniration o6 haivesn sbaut2R MM I aRAMOFS MIVI. In

certain other embodiments, the wash medium comprises the chelating agent at a concentration of
between it deAshiidl Rasspsist O 6 RAt It BiteashsnBhiHENt! {RaslisPemaeisA cHtRbRises the

chclating|agenbGareari asioaref abruitkd padda 00t ncpaelembaringabcthe ikl thravash

medium comprising the chelating 20agent is between apout 7.6 and about 8.4. In a specific

embodimEIft PSasEs 1 e asisRerdHR S Bii@ helating agent is between about 7.8 and

about 8.2. In apyaiémr speGiisienbadisaantnthecAlmofthensdsoedis meamerisingshaighclating agent
is between about 7.9 and about 8.1. The addition of a wash medium comprising a chelating agent to a

cell cultuPSARETALRE thMPG ISl (8 tiag-demetstre iNRESh ittt highdengig 2 ih 25certain
embodimgytsfitheni¥d i@ eelceutiurebaibgivashest Witha\vashpmadiueenTprsiag o Smekng agent

is adjustedl}o between about 7.6 andsabﬁut 8.4, as needed, agler addition of the wash medium to the

cell cultufs!'mq 3gaity dhisathimert, thEsarlorhlicail Aurbre Vs wadhad Wit afiémhatium

comprisingag shettiRg feenkis adiusied heween rRaoulx.¢ apHsakbybBichsas. nersfed, after addition
of the wash medium to the cell guéilfé/e. In ariother 30 spec']zi;c embo%iment the,pH of a cell culture
i A

beind waSHE Witk d asish i ElisrIarpAGIRg b Freldrifg sgRh 16 Sasidids ) setiv@n dbout 7.9 and
about 8.1cas nerdetcafianadditientol Hia cWashynediumdasthe welceuiuie, AMEist 7.5x10°
2010/036760PCT/US2009/058157 100921 In certain embodiments, the cell cylture is agitated after
the additf I%Pfftche%gglr?%te%ifﬁm-camaﬂ&}ﬁ@%l m&tﬁ%ﬁ%%ﬁtt APHBY SRS vash step
and/or thinaelditianpaprateastifAgitat of adihamoldsaiomDiakecplace using means well known in
the art, includin not limjt to, stirring, shaking, rotating, and the like, The rate and 5duration of
agtation s deloct by TR E DI B o e o SRS LASHEN AP A i the
type f celislifcthgopadf (MIDCE. (0 €ehieintenmiradime MBURE el ctdllsre ibiglyidatsdypaaisimilar rate as

that used for propagation of the.cells. In other embodiments, the cell culture is agitated at a higher rate
e et BT P AP B e e A Sy A et Pace & incranae
between albuhdOeio dbhaupOilic ansihetveserabofitfialiormbotiSYentiohstyweei alzout 30% to
about 70%, or. betwee 40% to about 65%. In.a specific embodiment,.the agitation rate used is
e g o e e i S Mottt ot
chelating(agenipsietriont) e thifiorTafiprptadsendith slbficidi Agilavoattzkeeie abjasity.of the

micrqcarriers fro ttling to t ottom of t ulture ve . In certain embodiments, the 15cell
Ul o O AR BT b O BB R0 AT 4 2pB OGBS RIER, the cell
culture islagitaled doraleast 28, ier abtasdQ Indnuitdsast 8 P)OD3Masce&rtqior amibadignenis aalgratease
(e.g., serjng protease) | addegri1 to t{w ell cultur ring a,wa Igtb{ut after an itation. | pecific
bt A g o Sttt et et i Sl one SR R S TG e
after any-vagfiadicihe ThedX0pr ohedsan exichagtaire pspe oth of dheifive nttardiacasineprotéase, or a
cysteine profease,.Qr an asparaginc protease..ln a specjific embodiment tease is a scrine
orotense TSA TR b sl B PO Rt R e e B eSS s riseus
destFibeddnsilySind pphsajicam thNop ichiddb (371 Bfls anze dimiseniehypking chunt bet friomt@htamihadsaurce, or,
more preferablsydis fr%mda recombinant source. The amount of protease added to effect detachment
25under thess conditions Wil be at least 5X less than that needed if the cells had not be pre- treated
with a chclatingp@g2ht andnwitintleodaetermiserdrnfittrenvalumeodtihenvehtne airttpeisultyerand the
concentratign of the pyotease way of ex e, the commercially available TrypLETm Express
rovided B R s e e A R I A A e St
example ofirthitrid Ervimn o rygrin EcSedest &Rk,qriuc siNews) ttpdetacindightpt3 R dintdredtotedig e s oty as MUCK
cells As emonsiiated tiereln, (e, Becian 8l he final sanceniation of TypLETm redired to
detach celldfrom Microcarmiers is b, %"xy 220 reduction. ccor(ﬁngly, Ph Cértain er?%odiments, the
final coneentsativngofprivfeasesadtied ty thel peltesuitareddihetvears dibont 6 dxtiocabbut 0.0125X, or
between g 0.4 10 Aoyl W, 20101036160PCTISZ009INSR15T 00425, X, i Befipen about 0.1X
to about 885% of hetween about 01X to about 0. %Sg or between abolt 01X 10 abott 0.075 X, or
between bbduti€©.0 761X ababoutetplbRsXhar etvbrdralysait O105 X0 bbotitige0 iR8Xadorfhetieen about
0.025X to about 0.0125X, or between about 0.075X7to about 0.025X or about 0.5X, or about 0. IX, or
about 0.09X, or 5about 0.08X, or about 0.07X, or a]bout 0.06X or about 0.05X, or about 0.04X or about
0.02X, where IX represents the final concentration of protease needed to detach cells which have not
be pre-treated with a chelating agent under identical dissociation conditions. It will also be understood
that IX may also represent the final working concentration after dilution of a concentrated stock of

protease (e.g., a protease supplied as a 10X stock) and that this working 10stock can be further
AdAihited ta abtain caoncantratinne Nnf lace than | Y NOOoA1 Ranrandiircihla heaad tn heaad trancfar in larnoa



25wash the cells post protease treatment.  [0095] In some embodiments, bead to bead transfer is
facilitated by the addition of a chelating agent directly to the cell culture (i.e., without washing the cells)
prior to the HARBA/BPihease (e.g., TrypLE). Chelating agents which can BE THIZEPP58& methods
have been described above. In one embodiment the chclating agent is capable of chclating 30divalent
cations (@dnthRgoAR tYIgRH) R RRAGHC eakoRjmentsihe shotaling abenhis EhA: dnmpsre
embodiments the chelating agent is.added to the cell culture at a final concentration of between 0.5

mM to 5 RINOBPSEHILERHES (e st g TRy SEunP e gy St e  SBo Lo sHIVBREGHE mM, or
between gekt Qb Mit0cARRI RN sORBBIVES AR RO BB TROP G HUIRAOYIBBRE about 0.5

mM to about 1.5 mM, or between about 0.5 mM to about 1 mM, or between about 1 mM to about 5

mM, or bekPEeR XBSUMAE iMtES: alScst s R A BREIER ACAWIL e SbbatBVIIORr between
about 3.Q:pafAgcabeuhbhidvb 195 Re W e eh ARV 4nd- A1 tordbait s avYuar. beivesawrRestdl MM to

about 2 mM. In a specific embodiment, the chelating agrgnt 5is added to the cell culture at a final

concentr&tlorPEPSBEER2 MANA Dkl ahgution 8fltner dstisrtghownt the'kdn edmikd-al188n be

incubateddarapepest OfLNE @rigiola He gddiionalaintease2l0 some fphosiimentadhe cell culture is
incubated with.the chelating agent for between about 0 min to about. 120 min, or pbetween about 0 min
to about SRFFHFIE SRR, SRR RIS 4B MRHTIEPBSRIHBH SR SLAS BT S5t 20 min, or

between fifhpbonicad-dMih toraboutil 2 mistk bptwiaerabodingdhinieriomhesedumior gicbetween
about 90 min to about 120 min, orgeé‘\{vpﬁen about 30 min to about 90 min, or about 60 min prior to the
b}

addiflon SFYSRHSRSOMRTEE RIS SRS 3h et CORETRYaIRH ke #HEr the addition of the
chelating agentang|] prierdeotheradditameha praigasee Means, tates andslisatiompfisgiiating, have
been described abov%agglfr[[iay be ptimi(ziied by ope of skill in the %ﬂ withqut 1gundue
experimeRRIGRTH- aldpitsifRal MBL ARMSHY RS A LR SHL SRR Wt e TS agent prior to
the additignieireteraddih gificiephiagilationienkderhe ipajaiippRinbetmisiogansiers from settling
to the bottom of. the culture vessel. . 10096] Prior to the addition of the protease the pH of the
helntod DAMSHEA S0 S attnr Fip ERATIIE MRS BIseRRO BT e BRI e Sibertc
embsdimgmbthaitd PRiscadivstedl jedpatweabmadlnuiné Suenddafeitadids Rroleaserinsiial) may be
utilized after pretreatment with a chelating agent have been detail bove. In some embodiments, the
i con o Ol A 8t T L R s S RS o MR Bt
between ahruhaliio@boutD01R NG/ al hetwedmabeiltif 4 XtXahetk 6f0b2d ipplcheiween about
0.1X to ahout 0.025, or hetween about 0.1X to. abaut 0.05 X, or, betw about 250 o0 about 0.075
i Y 815520 152h ¥

X, or betWEEhABBUPR0YEX S AbBUG TTSEROBH Betistn' Atk (1t ®.015X08F between
about 0.Q3id sabplent:0tl 2508 dsrshebvkefo radodiut G ofulatalnuird Q25K ddtathed orhadiments, the

final concentration of protease added .to the cell.culture aft -tregtment with a chelating agent is
bl 0 CORTSY RhSLRETGR o St S B o ShSOH B oot D B P AS R B4x o about
0.02X, whédei ¢tk repeeseinis@0ddentitras vworkindreco mostitiatiefitlaftar diltiio o @hprsoncenrinatad stock of

protease (e.g. rqtease supplied 10X stock). The duration of profease treatment can be
Gorermin B TR AT BATAb LA AP RV SR e BB aSa8h of protease
used. MeibwdsficrbmaritdKng ekdudét8shondotvacenkat@un(i3 e attcand . i wddechicrasebpic WO
2010/036700RC HUS2000/05 8157 cxamination of the cefl cuiture, Dnce the cells bave detached the
protease mathe mactivated (e.g.,eoy the Adaition ot 2 protease iRRIBIGT SUCh as ima HEan trypsin
inhidfitor) hd Xeadedwaad dbesh (1¥edtorabantliod Xpicr beasiten bbautsOriAyatiteabbet ddiled bo 4he culture. In
some embodiments, the protease treated culture. s transferred to a larger culture vessel before,
g P S e e o L O R A S T e attachment
and cell gnod/itoadtertproi@3€ tneatnsnt the freshconeditratihadisl Xddedtoting spdedidture is
supplemented il prie grmere media component ingluding, bupnoblimiied o, Facd g, MoC12
MgSO4, Hace e?éméntglf&? , an “Rdditional icrocsmmar beads are afso be a Po he culture.
Exemplarpoamterttrétiogs Ca i@ Siaam itdigeaekmvhaese 80%Xor more of the cells reattach to
micgQcarriers in Table 25. Exemplary concentrations of CaC12 MgC12. MgS0O4, trace
cleniints A, 51 G b A e e R ot e
shown inclahtat?6 Tincectancety bddamenty bhesoe thalislsipp lemesttecdidthtbetiv8On-aboOt 1.25 mM
to about 1.5.m! Cd2, bet n about 0.1 mly, M1 \ tween about 0.1
to about £00 i g R e M e ML, BNBEEHTE, Sbout 2
of trace etenmesnigif, B|talNd(/ (h, 6P ephbOdifné it atthy duolasye AWk ok y(thdgNthe original
microcarriers, is transferred to a larger culture veSﬁ%l before, during or after the addition of fresh
supplemented medium and microcarricrs. [0098] In one embodiment, MDCK cells are cultivated as
adherent cells in a culture 20system. Culture systems which may be utilized to cultivate MDCK cells
include for example, batch culture systems and fed batch culture systems where additional nutrients
(e.g., carbon source, amino acids, etc) are added as they arc depleted from the starting medium to

facilitate growth to high cell densities. Alternatively or optional a perfusion culture systems (e.g., using
~all ratantinn cvvetame crirch ae far avamnlae cantrifiinatinn filtratinn onin filtare anAd 25the lika) mavy



tumorigenic, being non-oncogenic, growing as adherent cells, growing as non-adherent cells, having
an epithelial-like morphology, supporting the replication of various viruses, and supporting the growth
of influenza WiPLEH8/486460 cold-adapted, and/or temperature sensitive, and/GCAHERIA$ ¥ high titer,
e.g., a logio TOD50/mL and/or a logio FFU/mL of at least 10about 7.8, or at least about 8.0, or at least
about 9. begeEtBEAtiONSIochaie PG Nahlinied)iovihechoick pfrastherent surface, cell

density, temperature, CO2 concentration, method of cultivation, agitation rates, dissolved oxygen

content oAb SH2Q 0 fonettieisdetnrkain) winte AlgratscrIFmen st ferd pRiniBed 9% be adapted
in a numbghBbrnesiamRitnizethe gvmainE MR Ckaadlls (R0 GRaN- G oiaaaicNdROK cells).

15Such adagtations ma)f also result in a increase in the productign of viral material (e.qg., virus), as

described rdr 2#athpte! 19y SresEiie ABBRAHGRtP SBTRLHEH (RS BHB b BE IS ARRTER , the

cultige cangéiansmeay fsharMRIRd B.ARWEMIEEHIBE PrAdUEHAIN e MatRINSMdRIRIMER AP CK cells
without regard for the growth of the cells. These culture conditions include but are not limited to

adherentSlifde& PRI TErS DS RERTBERANT Q.02 RRBARRPARSAVRIBHRRIO? ottt didbived

oxygen cenbetanchbblit 0.4X03 Abduln ate, erthesitBeaboMIGIK eelhbdatd. SnORtBRREgeaoMDCK
cells) are cultivated at a CO2 %)}ncentration of at least 1%, qr of at least 2%, or of at Iefst 3%, or of at

least 4% OSFOINTROUEL 555, BF MRACRIRABYD- SR IP ALYt 795 B EEIBALCEA- OF SRaeRMYt 9%, or of

at least 10%x orpfaalpeast 28%o 22kdi 02 1ukn-ore erthesh Henthe dissalveshiygemibO)
concentration (p02 value) is advanta%eously reﬁ;)ﬁéﬁf durinqﬁ%?ée cultivation of MDCK and is in the

rand® frofS5804 Q1 YB88S (bAseBdh thabls U LU BRI 0% and 60%. In a specific
embodiment thedispolueshorygemis@ihrancrniiatlive: (PEdival uEie atveasénl 9mpersatleast 20%, or
at least 30%, or at least 50%, qr at least 60%. In a specific embodiment, the DO concentration is 30
maintain@P5t BYTRONT BRI anﬂtﬁﬁaqm)éqﬁtsaifﬁﬁ%ﬁeao TRASS BN MEintained at
that leveldd eithnels @ Ernaistayningnd Ghieielshadlyde datissan Btvabat@ingswidluaereuexygas: WO
2010/036760PCT/US2009/05815 101 agitation of cell cult erally, and sparging in
ey RS S RSTARbGATHE: FAEGRA E N BT RE 2o LT o AR Rt to a cel
cultlse tageshtbertoasn (MG WNihdaeiBslg 80 Snbsvits €ldide  PGIMmMaligatei aukbuibodimaie readily
obtained from a.number of commercial.sources including, for example, Invi , Row Corning,
Sigma, STBEF M SHaRH, DIGSTAiy SUEME RO, ST (B IS A R © Emalsion.
and, FoabidiwgthMnbicauspe difitudnbadiaient Anfiidan o dyraulsion i addedoio, thencullitig; at between
about 10 ppm t 000 ppm, or.at between t2 .to apout 750 ppm, or.between about
20 pom (S SBb VS0 BT RUSGl SEEUE 7S SOV ab SIBORSEe) S, BPEGWELbout 50 pm 0
about 156hppophapecentidameanloogd rabisstie ERlifamipg tbggeadinis (addasdetipredh cHtungltwice a
day, r opg; aIdax, Qr gver other da‘%. n othe(gembp iments, the anti-foamin%a e tits adtded to the
cult% e mediunt Brlglﬁ% BB rSUSH RITSCRE LR OF T dFuor A SROWNEF che ittt the %H of the
culture meeiiconsadianthe duttvaticbeitd®dohtéabontg O IIC Krdedts iztedolatéd@ifitg culturing
andisinther from pH 15 6.4 to pH inther from pH 6.8 to 7.4.1 ecific
cmbodintRt e g e panLrect om0 B EE T m e b e o 0 E o at abour
7.0, or atahboti0. DR oAt ardutwebnaibatia®o08 7ug/ormilsho W (08, nog/at keast@:Afikn a particular
embodiment the pH, of the culture medium.js about 7.4. [0105] | urther embodiment, MDCK cells
Sl e prp R e R e
spetificaly0oonteyihplateddhat thisoditiene serpefatereathiaynle tariadaeipandingrise the process
desired. Far example, the nantumorigenic MDCK cells m t 37, 2 C for proliferation of the
cetts anct g R Re AL TR oo R P Sy b et Ap Rt ..
virus). Inzneterabmbatintentyihe aells axécllMied httaytemperatteel 67 edst chdo BT T, 0¥ M 25less
than 31 C, or of less.than 32 G, fless than 33 C, qr of less than 34 C for the production of vaccine
material SRR S Jen i OO0 G Coiheit Beai oo o BT o1 35 C o
33 C, or 8edivfor dhthpiodediion whvatsinsintidyainincaspduifitcomisotitiontyfiie elisMrdcultured at
2 teperatire of 33s &, L [or e radustion ofascine material 3001961 I eetgin embodiments,
DCK cells &re cu ureé’ln 4 scrum-frée mediuni of the mvention in a éltlrreé-vessel bioreactor (e.g.,
plastic singhearseitgiass betsteinlelssusteelgdusaibewsidbeagtbrsyrdretiere drona2d pardimetdd selected

from the group consisting of temperature, agitation rate. pH. dissolved oaxygen (DO), 02 and CO2 flow
ate, aro A I Bl aes o P o s o s N e, the
temperatoredismmefittainedati e tvepn shost30@ tofmbbutu2atr andeoiéengdboln 883G about 39C,
or between about 35C to about 38C. In a specific g bodiment, the temperature is maintained at about
between about 36C to about 38C. In one embodiment, the agitation rate is maintained at between
about I 00 to 200 5rpm. In a specific embodiment a single use bioreactor is utilized and the rate of
agitation is maintained at between about 80 to about 120 rpm, or between about 90 to about 100 rpm.
In another specific embodiment a reusable bioreactor is utilized and the rate of agitation is maintained

at between about 150 to about 200 rpm, or between about 160 to about 180 rpm. Agitation rates are
~rantrallad by maance wall known in the art The thvw'ne and ci7za nf



10 biorcactor utilized as well as the type and number of impeller(s) used may require the agitation rate
to be adjusted to maximize cell growth and/or minimize cell damage. 101071 In another embodiment,
the pH of th K& ulture is maintained at between about 6.4 to pH FOTIHRYIASHIS7
embodiment the pH of the starting culture is between about 6.8 to about 7.6 and the pH of the culture

is maintagpesh Ayt séAde mRoMedRint of e ingdheoaWbHe O 9sssta bR initak pHiRARY be lower or

higher then the desired range and that the pH may be allowed to increase or decrease to the desired

level (e.gcOea M Fatioreaf Retsriahud O pagtle (Avamsb AR Lu RS Privisshabrah k04t about 7.4.

The pH maybecoRiioled Hngpareine G/eh aseie iy asdinganisuieod4 Hgh), o Basect®.g., NaOH,
NaHCO3, Na2CO3) as needed. 20101081 In still another embodiment the acceptable range for the

DO is befRe¥O4Hou 00 thaRBBLY 93961 [ SpReiEEhbaliR A tR5erthe Mokl cdh Rulture is
mairgainggleatfReinidenirlatiis3hih 19akhAkdaRYb S i Ainabtis P IARNo Rkt aNesdis amipaiment, the

DO should not drop below about 35%. In certain embodiments, the initial DO may be 100% and the

DO may BRSABTHIPTPEMLY dshH Lo 1 sRatRse sRAREY RYBPILY s ooyl Wb Afained. The

DO is maifaified, dompHa IR AN SRAGN G O2 i Cestrieh 8MRAIME0LS, #e102 flow rate is maintained
at less then about 2.0 L/min, In certain embodiments, the CO2 flow rate is maintained at less then

about 0.4 L/miFPAf3iBaidh nbstrmbadimeBbStmt e reiP RN HEEHI8HE A6 thL/min)

and N2 gasfisosuRplite-taipainiaibtheoten satestbrardingyrthp somplying biZpaassean batalculated
from 02 and CO2 gases_ used to 30 maintain the DO and . pH. [Ol%%]r&The content of glucose,

glutin@SX TS Ne T ARIAS- COh PBREREISSs MeiPSS e BROSHIPHE SRIRIB- TR THBERLES and
other pargwaiesatish e @gitatieith BiRy d2en MO 2AheDSGE FORGTHLS 20RMAEELR éieathly
manipulat churin1 culture of the,non-tun]o igen c MDC;F C ‘{lLljS such th g(;rge cell den iliy nd/or virus
productic %Bﬁﬁ&@&%@anﬁ%%ﬁi@% s{vﬁ@eaﬁwa Celafe oSt ’[Biilﬁﬂ‘}hﬁag 8ffic
embodimgydutce sl e gt wiad drefore iRfegliodlyitbua Calla bashosiatedivdlysigaebestoed herein to
achieve a certain. total yiable cell count. F?r xample, Vero cells may be ug.ure in \{P-i M
SupplomEREASRPEATHA LSt S A E oD eSS 5 BT FARR, St Hest Sikte cell counts
andi sell viaddility iOwHasUFed) [ITaspeciiedesohpdisipnt ocBIsI BN/ infe dtastovilic ¢ dlrassasiaied virus

when a certain average, viable cell.count is achieved. For.example, an.average viable cell count of
o e 0 N T e T R e T i T St
infected witth auredbeiasodiated tistispdeisiridiabddaiein, steias R Médinmne timbeditient@n average
iabl f. imatel 10 lIs/ti ' cult I imately 1 x 1014
i R e e B e T R AT S ey N AT
infected withea thell-Rasptialisdivinusidaseriddhierein. In another embodiment, an average 15viable
cell count of a imately 1 x 106 cells/tissue.culture vessel, approxi 5 x 106 cells/tissue
e vesaal O ek T A e D SRR e i e M eerssue
cu:ltu re véasebaﬁrmmﬂd ,eld;umd"hga,o&igmcaMfﬁﬂéﬂ@w@;drédsmﬁéfmaﬂtbaﬁomméﬂfl ﬂ&lyimﬁa'dbadfwith a
cell-associated virus descyribe rein. In another embodiment, an.average viable cell count o
T T SIS AL BT e SR e S s s L e vessel
approximadilyetuzid @81 dalisétsshex stritiveaviels sety et dxitnatets Snclidehgdiig/tisslienttaliuoe vessel, or
approximately 1 x 1019 cells/tissue cujture vessel,.as measurged, using, e.g., & Vi-cell counter, is
icdlin e GG Ty Bt bt R RS o
infelﬁ;on MO Igethaiei&detem’i'r?emm:dmmmtirlma'ﬂf@idhelﬂﬁchmkemwmmms&ﬂdtadn’é@osaﬁmli& In a
specific embodiment, a MOI. of approximately 0.0001.to approximately.1 or roxima 0.0005 to
o005 1o e B S g S R BRI, ey
0.0001, approximatelydduf066ttine approximatefpBi.000VNiscuseddoyintads thaddledesdidyed herein. In
another embodiment OT of approximately 0,001, approximately 0.005, approximatgly 0.0075 or
i st R R e SRR e R S et S
of approximdialy & 0f; mppnonmatefyra fiikbyapprosdenasely 0ot dnalpproxiniatéiya@dBhsrspecific infect

the gells described herein. In a specific embodiment, a MQJ of approximately 0.01 of . .. .
Ao oAt T OB A ST L L T HE L e Barao s S TR A3B ingleyi
101121 Qeittassbchmtetioviarsséenfegiescdllsnolaic beithoubhtedefor agueActbdtindefatdrheadier.ammd under

conditions (e.g., temperatu 02 condifi d pH) that arc appropriate for the cell line chosen and
result in gﬁélrr%atm}lle]l%qg 81‘0\?#;%5%%829 llt—lc%lgﬂrﬁg e, Vero cells infected with a RSV, such as
rA2cp248/404/1030ASH, may be incubated in SF4MegaVir 5 medium (Invitrogen Corp., Carlsbad CA)
supplemented with 4 mM L-glutamine and incubatti(é at approximately 30C for approximately |1 O days
without CO2 before the virus is harvested. In some embodiments, RSV-infected cells (e.g.,
RSV-infected Vero cells) are incubated for approximately 8 to 14 days before the virus is harvested. In
specific embodiments, RSV-infected cells arc incubated for approximately 8 days, preferably
10approximately 9 days, approximately 10 days, approximately 11 days, or approximately 12 days

before the virus is harvested.



101131 Cell-associated virus-infected cells described herein can be cultured in any tissue culture
vessel known to one of skill in the art. In some embodiments, the cell-associated virus-infected cells
are culturedWO RO 4Ba3RE or T-225 flasks. In other 15embodiments, the ceRaE35MRUPYIATs-infected
cells are cultured in 1 liter, 2 liter, 3 liter, 4 liter or 5 liter tissue culture vessels. In a specific

embodiment, tfRes]l-agaaaRIRMAHY FHRIRIRGIEE GBS RIS FUlidredkihatieasy 4P dahywsking volume

roller bottles. In a specific embodiment, the cell-associated virus-infected cells are cultured.in a 4 liter
tissue cufttifts (RaBICHENES 2P BREISRRNBSHtHSIE Pt Rfesidatris teillubinits Y 6nfected

cells 20apgsgHlfyrashidknliiabubmbleysial, HriAbRditphdisauR SubUpRoYRSSSising athenhaimbodiments,
the cell-associated virus-infected cells are cultured in 50 liter, 75 liter or 100 liter tissue culture vessels.

In other &RBISAMABNE R AN EisA R A A s b e urteadnigtaminossidite I 563ifer or 1000
liter §SsugnebltlrBMes RIS of b tissMeneUItie WaRSElsIRat Hambaidaas nsludenbiaskaidoller bottles,

bioreactors and any other tissue culture vessels 25known to one of skill in the art. 6.4 Production of

Vaccine M&R&HaFellsqepmmerherpicicediame sttininbirmine aAsitist Aedesdlad: s Sraadlion of

viruses il Sutiviadwirie ML eallsdedd:s BapriinesigrmeMDBKnoelishiace wgar to produce
viruses. In partjcular, the prese rovides methods for the production,of influr%nza 30 viruses

g(feinv_ention E ? ]
to high titOFSONRROtY RN & SHEMG e B BIPREnER R foAnd L1t 21 i BE BA Bt e

method fesrpreduieng:HflHeszayinisesieompisasiheWahoyiim stempsal l(epialifRiatingiAdDCK cells in
a serum-free culture medium, while maintaini e or mor§ cutture conditjons selected from the
rd

ng o
grolip coREtiR%CEP L UairoHIXEE blhiehealsur ot LA bee BHERBE PR Sbout 6.0 to
about 7.8cpdermpYraticietpitnbentcabatib st andinband 4RGrandrdissohestpiygenth®} Sbetween
about 35% to ahout 100%; infecting the proliferated MDCK cells with an influenza virus without
exchangiﬁ)éd?ﬁég Bt Y By ilﬁx?ﬁﬂ Mwﬂvﬁaﬂe& ﬁwmﬁﬁ’d §Poﬁ?6‘iaé{‘e§i’?iﬁ§16ﬁ%?é‘ﬂ SUT:
conditions:thai-pecrmit dapticatine pivikigiinfleansssdmlstabiiildG] toflvenzaiviiuseswidighaway be
produced by the methods e inyention arc describ ere (see, for mple, Sections 6.2 and 6.7),
B e L U e T BT S ATEHE T T ot B BB andior
neuriminibase1agtigestinathwicortexpaf. am aietdaigd cifinpabatlirecaensitive, fealdnadaptast (ca/ty/att)
master dqnor viruses. For exaaﬁéle, viruses can cor%{)riseflgg br%% bones (or one or more VRNA

segmentf Y RRRQ F YBREPS USRS TRl B %t rature-sensitive (1s),
cold-adapted ()76)r aviiaiieinyatbitfataye foflAcmhiAchel 5o 1B/ AstliAnbal tb/6BchtBi8,acid
B/Leningrad/l4/17/55,.B/14/5/1, BIUSSR/§0/69, B/Leningrad/179/86, B/Leningrad/14/55, .
o/Enolar e B S0 {0 W B BT et RN VAo LA in either
eggs or agildigs elustebidamkamiils, thaesgodidcltset (vitihpfotie advin RO Maeaigsn@@ia Edition),
ed. Plotkin. Mortimer, . Saunders Co. (1988) and those disclosed in PCT Application.PCT
Pt PUH ST DR ESSBG S ) DS A 1 EPBASHITEE & e,
6,887,698h 9l 1048i8012; 6;04,)] PFridB30dcG34, 5,8 541031 (vat 324 D3] H840;5B9), alpR6,871, 5,786,199,
and 5,166,057 and U.S_ Patent.Application Publication.Nos. 20060019350, 2005W 58342,

0050031487 S0LUSEL S BRSO s 5 S5 SO ot oG4
2003003n8b4tiand 200w . difwemifiveahdanirpaes thdriete, mbyline phitticzed by the methods of
the invention include recambinant influenza viruses. which may. express. terologpus gene product,
soe for SIS T B0 PSS SOGaGTH 30 R S0 Ooaa T Harcne

emBodimertstithietinethodigatged td froduteatanl d-sdapteatcaboiartéohp bigharessensitiythadGand/or

attenuate[d ipcflﬁe%an\gr#]mg%d}g}gﬂ In a specific embodiment, the influenza viruses are produced
toa peakx}?ra? Her %glo mL and/or logio FFU/mL of at least about 8.0. In other embodiments,
the influenza Vid#§8$ aMNuplashudesdvtbichpeak wirfdrtiteedogobule DEOAnelnanbihartdd goo ¢Fidinel. of 37 WO
2010/036u7r6 IEGCT/%JSO%%%Q/OS%SE}] a%Legnsitdanbeou&l §511 oro at Iea%% 2, orh?faast Iéaall 1tC 8.3, or of at least
8.4, or of at eaétag.g, or orat least 8. ,yor Ot Bt 1east 7, or o’f%tot}(leasf%e.& of P&t least 8.9, or of at
least 9.0 emb§dirh&htirscertaiftcemizddimerigctives SAD@Kacefts tafie fraliicrgped ashadharént cells. In a
spegfic embodiment he MRGK cols arecnoniumerigenic MBGH oels and ar Sprolfgrated as
adherent ¢Blls. In‘another spemﬁc em odolment, Hhe R &8s are selected ¥ rm the group consisting
of ATCClhdpusiirhoscPhiz650p1R1TA 504 1IPDMBBOP I PTA- 6503, PTA-7909 and PTA-7910), and
are proliferate dherent. cells. Bioreactors and metho eful for proliferatin ac%?e ent cells have
peen descrbellbiga Rt A SR S R R R e
proliferated astlontadhereodivellbidobvisttodsddrqurstifecating nghradhgrant DOk dels arc known in
the art, see for example U.S. Patent No: 6,455,29 fAdditionaI culture conditions such as, for example,
temperature, agitation rate, pH, p02, CO2 concentfation, and cell seeding density are described in
detail supra (see Sections 6.3.2 and 6.3.3). [0119] In a specific embodiment, the MDCK cells arc
proliferated as adherent cells



15in a stirred vessel bioreactor. In certain embodiments of the method the temperature, agitation rate,
pH, p02 value, CO2 concentration and other parameters of the culture medium to culture the cells are
regulated diYRgUaIB36iiY as described supra (see Sections 6.3.2 and 6.3. FCHERRAABABodiments
the MDCK cells arc proliferated to a cell density of between about 5 x 105 to about 3 x 106.
AlternativlyaQr apiapaibieMRCIseelsieRIakararrarame2breyiRd dite. The initial

seeding density, doubling time and desired final cell densité will determine the time period for

proliferatRIRARPEaEE ifRBRcatEHirQlDesKeTB AR A W/ britithaib dX} Medle 6Tdays, or for 2
to 8 daysp@iviendibevt 9405 niB/Bame ABRASHIEMS DS Kkt 800 RigiR!alRMaffuakepd 3 to about 5

days. 101201 In certain embodiments, the serum-free medium is an enriched serum-free 25medium

as descriéHerdhaseer s rBhog gyt seuHe-Bistioatien ot Jeyeri9reeomerisPdsHbrises a

plant hydslysaigata dipidisd Pedanantibacer alenn entem®Nd isoley e Wit AN el ek Peditm
component selected from the group consisting of putrescine, amino acids, vitamins, fatty acids, and

nucleosi@d<NFrimF O COREBImPLIROtH A SR MRt Hhesi A e Lo DRk adima e SFRYBHER s of the

McdiV ShhddilearsedivmiisiedindaptaSglicasshe it S-erebadimenb ftbewesdbireel madigm
consists essentially of all the con/wﬂfeonents of the MediV SFM 110 medium listed in Table 3. In another

specific é¥Edith&ltt, habastumetee AvuiuHl edngsaberinedoRGERBREsEib APaBI&3 &8 the final

concentratemsgpgicaieshdi aestain fbeiMments the spaemdraabydeivn, conprses akiase at a final
concentratjon of about 4.5 WO 2010/03676$P§T/U82009/058 57 g/L. In other embodiments the
serth-fr&d Mol EShTSREL G RINGRES AT 4 HAZ) COMCHENABA o dsotit 8L 8P GRECICHY21] Influenza

viruses Wik Ay &ethsedititisiaciiheose tsastep daidrcdeubiitretaailimisechtoinhespihat have
been described herein (see, e.9., Sections 6,2 and 6.7), The Samqunt of virus to pe added, to infect the
cells (reféﬁ?éastf& REMIRIS S -?ia?ﬁ%m %@m%%%%ﬁ?ﬁ%%ﬁm ] iﬂ&t)?ag%ad@d per cell
(also corgmeedyéafesitiaasohia fMighipliciiyabiaiecdasp i) the samshebikegdiments, the infection
of the cells Wit%‘,%/lgrs js carried oyt using a viral input of abg.ut 0.00001 FFU/cell to about 10 FFU/cell,

or about O BOEOTFRURET L B8RP B cAre GRG0 RPN B MBI P RE G e, or
aboust 10@x08lon FU/cell/ toodipdut 3Ot & Fklcglldsseoenesnadinestth éhecdaietivan b egllsovith virus
is carried put lgsgn% a viral input of about 0.00001 FFU;cell to about 0.0001 FFU;cell, or about 0.00002
FFU/cell 18%bat %002 FFU/cell. In a specific embodiment, the infection of the cells with virus is
carried out usip@ayiralrsipbihdingeigeen Whd0hFhd i dtlde 0 A0QOPrbtcidicalbh asaratberspecific
embodiment, the infection of the cells with virus is carried using a viral input qf between 0.0001
Lol T 00 Er B e oA HERC A e e Se b BTt e Aot of virs o
add: Ama st ArusiihRGTpliblizkaelsirial Wigud (R6RYSR I oV itusbb&HmEie s firdrh i) x1000.

[0122] Alternatively, the amount of virus used to infect the cells (i.e., viral imput) is determined by the
fine Con GTLR T SRS TR EEREHE TIPS BTEY IR BRI b e et tion
of about bflid&nKE\g/nfidriic abnewirGud0 k08 FrikdrannaymanauinlEx] 03tEdd bfmrhnidabioutFd:01x101

FFU,/mL The f?llotwin%formulatma 1be lfjsed t dete”rﬁine the ?mount of virus fo add to tacthieve the
desired fiial QorcentAton:"AMSERL SFVifGE 1A UL 2 cult B USILme thiT f S Hihal condentraton tFFU/mL)

; 1 ()VirusoRRAiFobepriséitd imthexhodn? 5{ @123k Optionsl lycarprotebset Gan beamtalachnhioH bilings
about the cl ava%%oé.the ?recurso_Fﬁproteir&.of hem%;gllutin[in HAQ andtthuslthe ads%)r(pti n of the
viruses of tHe cells. The addition of & protease can be carried out accordiRg 1o e TnveRtioh shortly
befdfe, suntiltameninsiy txorss mosthr aferctiteatide dtioheofdheestistuitthinflivdnea sirusedatfriie addition
s carried gyl sipuiianectisly (o e infsction, e froteass gan eilner be added Sadiectly o fne cell
culture to’be NTected of for example, as a concen rate ogether with the virus inoculate “The protease
is, in certhilbaspects afpheifitvemtiodiracserinaiprdteasediva of sieipe @rateasation @nmspsragine

protease..ln one embodiment, trypsin is u In a specjfic embodiment, TPCK- d,trypsin is used.
pmperth et g M oL e A U R S sivo e it
final conecentratiortiof ko G20 U/mb Ged, togl0DdmB)mI, or 100 to 500 mU/ml. In an alternative
embgadiment, t in is.added to the cell culture up to a final concentration.of 1.to 200 (tg/ml, or 5 to 50
O, or 5 16 0Tt I K o e T e s s e S Durce, or
more predéxalhe, isirolality Srécormbinzpt soemtanRetantipicalst proteasessuitabiefer use are readily

obtained from a number of,commerci I including,,for example Invitrogen (TrypLE99 and
Sigma- AT SRl TOURE TR T A A B R el oAy o,
recombinart gnbietiseiy, tise doat enfingboarceditatiohlofide fiaéit) aboutuodd IX asaioutiks, or between
about 0.02X to about 0.8X or between about 0.03 Eo about 0.7X, or between about 10 0.04X to about
0.6X, or between about 0.05X to about 0.5X, or betiwveen about 0.06X to about 0.4X, or between about
0.07X to about 0.3X, or between about 0.8X and about 0.2X. In a specific embodiment, a recombinant
protease is used at a final concentration of between about 0.02X and about 0.06X. In another
embodiment, the protease is a recombinant trypsinlike protease, including but not limited to TrypLEIm

(Invitrogen). In still another 15embodiment, the protease is from Streptomyces grisetts as described in
11 < Annlicatinn NlaA



11/455,818. 101251 After infection, the infected cell culture is cultured further to replicate the
viruses, in particular until a maximum cytopathic effect or a maximum amount of virus or antigen can
be detectedMf} YHE/®IN98diment, after infection the cells are cultured at a 2BGEMPORAIRIZT between
30C and 37C. In certain embodiments, after infection with viruses the cells are cultured at a

temperatyirflesstHhan 38! 183 dNRR 3860 ARIESS tharadlnuarilssiRat B, erlassthan 35C,

or less than 34C, ar less than 33C, or less than 32C, or less than 31C, or less than 30C. The culturing

of the infEEYBMGthas {BMFHEPR T @R B IBHEse abpphtichiarabrie’ fein 95 Ahre 1 tde hadicated

above, leggis torthsoRaductie a0 her sisldsiof cartapindor FavituspragYyad @l for example B
strains (see e]r.\g. U .S. Patent Publication 2006/0153872). Furthermore, the culturing of the infected

cells at tdmBEMIEIs Befovhessic i cbedinssiaibn forhnensatrtmrebNeljR atsraedStive, cold

adapted hyganhifiupeza ¥itken ikiseaemalaiprihattz/ca MusesvIayal3e he aitespaigdt (att). In
another embodiment, the _cells are cultured at a temperature of less than 30C, or of 30less than 31C,

or of les<SRRRIEDEN MG TRAL A0 ResBiraion MFhhin S4erwdh-tHes SREAUERAh BFEifRishza
strains. I3 sgpeEific embodiment, the cells are cultured at a temperature of 31C, for the production of
influenza virus B strains, In still anothey. embodjment, after infection the cells arc cultured at a

temperature of ¥84lc. WESSHRGRISBTERPETIRISBBRADSBIEMA! IPHY S FAMRUMEA Bifis8hithents,
the incubaiing Ffdbmeelis{sepdavismtaniad puiilarasufflisient penedde reducaspuable yields of
virus, such as 2 to tg dayf, r optioqgally 3to7 days,@after-infgction. In one em odimdgnt of the method,
the AcubRIRG St @?@5%&9}% IRARHBEPBIRTOH D dayRS B AA RSt UL B B tYs, or after 6
days, or Aidinysiafieshirfection., Bisihdtamindimantathesdneulsatng efdnaiceisréstap. (¢)) is carried
out for 40 to 96 hours after infection, In g specific embodiment, the incubating of the cells (step (c)) is
carried oaﬁér LSBETAE D JHBt %t%a?suﬁﬁ%ﬁm&ﬂaﬁ derived 5o f7 ABH S@H{BS'd%élnts of the
method, thetalizeaadiarcaxamplante daavbaiedbacinfectiospuitbiviruses-faiamidswaeh that the
agitation rate, pH, p02 value, CO2 10concentratign and other parameters arc maintained as described
opra (UGN ST 608 8] Cho 3G 1 HC AP EBIRRBRES Ot THEBHEU Forther
comprisedcfafter Ispepriiinife Stepnitihdpsattingitbeypudtile medivradoohtoaningitiieieplicated virus (i.e.,
the culture(gaediurg1 ir which infe tefd cells have bfg%Eu grown . ﬁrhe harvested culture mediym
containingf 998 5 FEBIRATEY TSRS 4008 Visarhel 8 Yoskai &A™ PR RGPS OEFH 5D I one
embodimeRtatydnicigaariacdudiiiz shitmth ¢ipriepbatiasnef the MDCK cells are allowed to settle prior
to harvesting t ture medium containing the replicated virus. Optionally, or alternatively, the culture
mediom comalEine FepTEEHAS STLOUREB HARELES TRy Hrelmah g o SHERS tngental
flow (AT Fhelestiesosaesiof heaadiplS KVE] K) 2HelARd litted iis€ablap, Aflthclfvite ariaaticasor even
elin}igate.tgte titmf geede&lto let 'croc%rri rs settle riofr to harvest. Ié]thanothert.embodim[ent, the viral
harvest id"StaBifiZed With'a Suksbid bterd ™ 1%‘6]5)%'5%%%1 i Eibotinent, tH s Hharvest is
stabilizec:byritiel Bddlititiniaf @agooentsaitthd ivieli nSIENING O uicddidiniked ia AdleRse thhosphate
(SP) buffer, which may.25be added, tq obtain a final congentration of aboput crose, 11 mM
hosphat 8 SRS A T d L AR DS Ee S pSEr Ty Mo EBbATL embodiment,
step of harvéisiingdhdsciniuy € theadinpoaontalniteg the abjidatedseiuis-Beecauplitahiamthieepurification of
the replicated viruses. For example, alternating tangential flow (ATF) may be used harvest the culture
medium gb\f:%lﬁlt%lllhing the replicated virus and the harvested material may be directly subjected one or
morg of t rficatioq\ s taled.infra. WO,2010/036760PCT/US2009/058157 6.5 Purification of
Vac%ne I@Iga@gi%l I%ﬁ%@%@ggﬁ?%\%ﬁ%‘ﬁ%&g\%d% robust methods for the purification of
viruses, In particular live ¢inmspserfenclinical use that hang/been|replicmsdpnmsail culturengtie
purificatioSattethods of the invention may be used tg purify virusasniwenaidisires of Sinammdlian cells
including, buicheh lmtaeito Anpadeiploid lung fibroplast eell linesAggiadIRC-5 and W4.A88), human
retinoblasigma C&llfitefofdaan kidney ceflTines (e.0.2£ER-C6 and 293l 'Rl esus upg dell lines
(€.0., PRI {IFARHTRRY AR, KOTey cel et (g, Vero), AT G Kgrey ooy fes (©.0.,
MDCK). mepurtmcatorMetinoaS or tine mventuor giye_ a Ilgjl Verair reCovety o vifas; ééﬁautlcular live
I l p c

virus and FEP RIS Ohost cell DNA (HCD) o8l protemspaeieYyeid non-
cndonuc|easbum. §:hBenkonase), which arc below the 6p¥tificatidbr€ysquirddGyHeQulatory@gencies.

[0133] R_EQHQQ&Im%mg@mﬂd%ié_[%'pﬂg%feoa@@@s i§ ng@g&ﬁ%@mﬁmqrtant oythgse viruses
that are i g%raﬂﬁg f%,ro& Hﬁﬁlﬁ@ﬁf&ﬂﬂ?@ JiActuaim Blllwns) t}’(ﬁlﬂ%{ﬂf&r&gﬁf Conmﬁ'gga‘\’ed that

the size et anytestatarmCo-Snotrd e Smanet thanthe-15ave IZ€oran uubugtli\-g ‘(7‘32 25 base

edinalt in Ana Syeme o 20D id
ta presentmventon{provides

@
-+

1 t roadhiinao tha A~~~ rmis At bl A A~
pairs) 10 reaucene-oncogencpoenitar—~cco

methods for the purification of

H ‘::Q iofeaspectn



influenza viruses or RSV that reduce the quantity and size of any residual HCD to levels below that
acceptable for injectable vaccines (WHO recommendation is 10 ng per dose for parenterally
administerel Q28 M 6riffiths, 1999, Dev Biol Stand. Basel, Karger, vol 9BCHI/SHIE85857 ),
101341 In certain embodiments, the purified viruses comprise less than about 10 ng HCD/dosc, or

less ther| ghqit R1agalJCD/dose, or less then about § ng HCD/dgseyigh dess tiranseryty ng
HCD/dos eclg ri@%ﬁﬂﬁ‘?@ §Q%h§dggté—u,umose or |e<50t68p3 gt ?Sgg&hle)/dose or fegpfhen about 4
ng HCD/ Sl;fiRUlﬁlﬁ”a%el,lw Qn%m Lfs g I‘I+L,L}/UUbL-! ofr Ie@?)ﬁ” B slﬂ lL n% 25HCDfdogs rQ 3 ss then

about I n |uu1u Ot ASS theh abuut 08 a1%) HEB/doseorles

less the ﬁﬂg}lﬁ\ ﬂ ?—'I{iiyu jtyéh‘a’\tlﬁlncc then-abou (‘b L;Zi HT D Iﬁ?’u&écgl“elﬁg Ln::lflnl'\U rg\llglé: %Secr’]t(,);he
purified \ |@@S§P1‘fﬁ‘i%ﬂ§ﬂ@h¥4¥?ﬁﬁ about 1 ng HCD/ (Q':@Zr es J—ﬂl}éﬁlﬁﬂm@leﬂ 8ngH Hrddge, or less
then abolut 0.6 ng HCD/dase, or less then ahout 0.4 Ing HCD/dbdePhetskdanias ahout 3243
HCD/dosed8B{0135] In other embodiments, the purified viruses thfWifmﬁtenza viruses [aht28omprise
less than &bousdfengdH{CD/7.00.5 logioFFU, or less [tHef&dbout 8-8gr€D/7.00.5 logipE6:RY or less
then abous&dngHS Ebe & logioFFU, or less then abooo( ng HCDHORielogioFFU | ai3lesq then

about 6 NG&HaIM RORPategioFFU, or less then aboutf5 ¥¥O 20 lQ/W@@E&T/USZOOQ@@QlS? ng
HCD/7.00.5 logioFFU, or Tess then about 4 ng HCD/Y.0U.5 T0giDEFN, Q1 IRSEREN abdis3;69

HCD/7.00§5.¢'0 0 |—u or fess themabout 2 ng HCD/7 0051 glJtly or_tess themabg

atamims - o b b= an ol Lloalne 70 2.82°%
HCD/?.O . UYLV 1 IC D LI I G.IJUUI. U (.) IIU I_lk/lJIl oygiorruU, Ul 1IcsS LIICII apoutop ng
HCD/7.0 (E:’E!s’}\ }néﬁllt j [gn about 04 ng HCD pgi lopiocEEU-5orless-thenaboutd.2 ng

HCD/7.0 Q‘chmi]hmmthe@ﬁghfm pmhndlmpnt the n?nZﬁlpd \ uNESl@?ﬂFlﬁanp less than abgut 1 ng
HCD/7.00&RIgIe £ibloBess then about 0.8 ng HCOY/780R5 |ogibrpexasthings Mrevrkinodd0.q ng
HCD/7.00& logigrrdpon lossBhanh about 0.4 ng HCID/0.08.5|logidFEtdioc less then apBuhd.2 ng
HCD/7.00FelmgiaidrU. 101361 In one embodiment, the2afount of HCD is determined using a
PicoGreemig@-Afsaw! In another embodiment, the arhounof| HCEA tgydgtgagined using a real time

polymerasg; ghaipsigaction (TPCR). These assays mayRg performesing methods eygpplified in the
Example @ﬁY&?ﬂl@mC&?%f 101371 CeTtEm ey odi Btﬁ__ﬁﬂ)%%%% PUT 50743 |at least

about 60 e ut70%0,orat Ibd.bl about36 theHCD presentiinepyriea v ruses is
less tha th%@ﬁv\%&ﬁgd base-pairs{bp)iiiength—ng szc:fﬂet, , )% of the
HCD preclﬁ}mmﬂq GXEHBII uses is less than abhout %L\’Z’) bp-in Innnfh In-another clunr‘!f!r‘
embodinfedt? addeadnBeddiBraGRpresent in the purified viruses is Iess than about 1000 bp in
length. In other embodlments east about 40%, or at least about 50%, oy at least about 60%, or at
least about 708808t lat 18L8°450) RO bt ppsgrBie M- e plite qwiRiaiss 3oisgEhan abou
500 bp inclgRgth alsuafam@ﬁm&mb@@rmmh anlerstabauiraR¥oaline hiEupresantisahecpurified
viruses ig less than abo in le [0138] In some embodiments, the purlfled viruses and
comprise eSO B B MBS 7 G BT L o B about 8
pg F&P/d@s&d@uﬁﬁﬁeif(@@aﬁ(bbktﬂeaglfdﬁ‘(%ﬂ@Sﬁagédesatﬁabgiaab@lﬁsﬁ@glh@&m@aaa@reless then
about 5 pg HCP/dose, 250/% SS th bout 4 HCP/dOﬂ%ﬁ%ﬁss then about 3 | CP/dose, or
less then"2H50t & PR MerB bRy Y élﬂ?éﬂ SIS HREY f‘ '8 [tg
HCP/dosgaidbrde sitheidbedtifed & Igiieh/Soperbendesordmbhatiitd pgrieRitesemer-less then
about 0.2 ji P/dose specif he purified.viru es co se esst about 1 ng
HCP/dos egklmg z)ﬁaé{% [g ﬁ%ﬁ&ﬁﬂr%&%ﬁ% dg X6 J@n PRI @ss 30then
about O. HgagﬁdﬁiE’ldﬁsSpmntm)s anoabmetr@)@adl dﬂ@dﬁidbspheres[(@ﬁﬂﬂb Immgb@fembw@ments the
purified viruses the purified viruses ar uenza iruses a rise less th n about 10 ji

7 o ORGP AT TOLTHERPAISR B R MR Pt) ot B o6y TGS TGS i
HCP/7 0Qdl Iangd:LFo@reteﬁﬁIﬂle@nsﬁtgdmtﬂeA&f Mé@lﬁﬁ]@ﬁ@ﬁﬁ;ﬁﬁ[&ﬁﬂiﬁe&ﬁ@@iﬁﬂ&&ﬁ? j.tg HCP/7.00.5
logioFFU, or less then about 6.ng HCP/ FFU, or less then out gg HCP/
(ogtoFFU TR e AEOREA T A B ) S PR e LB R Fe E00 5
logioFFUglaride s thidnradoowir 2. &g sHicierimh @ bUyp ghefrirdth atsleg i ibé foallaudu | pgatiaRi7 t68.5 logioFFU,
or less then bout 0. 8 7.00.5 logioFFU, or 5less then about 0.6 i.t.g HCP/7.00.5 logioFFU, or
less then' 300 Ft?ﬂ%et“ 00} logioFFU, or less then about 0.2 [tg HCP/7.00.5 logioEFU. In a
spetLific emboqﬂﬂ&ﬂt memarwﬂmbdunsmsMmﬁcimdmmamealmmmn@lﬂﬁﬁdﬂcﬁm&m#u or less
then abo ﬁjé% P/% é?: oFFLrJ %rlle %tlhgnt?boulto Gé]_g HCP/7. 0 5 Io |oF U or | ss then
aboutof ?g & gio or egs ena oU 6 2L GHER/ 7 807513 oglo RBE ] In one
embodiment, the amount of HCP |s determined byg Enzyme-Linked Immunosorbent Assay (ELISA)
using an antibody against HCP for detection. This assay may be performed using methods exemplified
in the Example provided in Section 8.6. 101411 Methods for the preparation of inactive/disintegrated
virus particles for vaccine compositions arc well known in the art and have been utilized for over 40
years. 15However, these methods incorporate harsh steps, such as treatment with detergents of

formaldehyde, which cannot be utilized for the preparation of intact virus particles generally, and live
attanitintad virticace in nartictilar AecenrdinAalyy tha nracant inviantinn nronzidoae maoathnde far the




20methods of the present invention give a high overall recovery of live virus. In one embodiment, the
overall recovery of purified viruses is at least 15%, or at least 20%, or at least 25%, or at least 30%, or
at least 4093Y82810€8&1%800%, or at least 60%, or at least 70%. Methods to RoRH2AYNSd&Very of
purified live virus include assays designed to measure viral infection and/or growth. For example,

Focal Flupiesceniudasans %%W%ﬁ@nlf{ issuarPatbtrRcHianiusiResR LG R0 bAssaxs:$a be used
\%

to monitor the recovery of gurified e influenza virus. In certain embodiments, the method of
f

purificatishcgpdiridetheAHAGKstahs ikt Eided arcedvafsettieby il dhost ke 300,

wherein hg1puiifiethiryresreumividantesst thasc0dlnpaibHsi: Bnddessnthaoud Birte biSal: and less than
0.0050 ng nonspecific nuclease per 7.00.5 Io%ioEFU of virus. 3010142] The purification of virus

harvest cbitdifsSilitile SIS WP B o phR LS &G bt Oe R 4884 Qrlidtion
condstionghdntaestal ) eiRgHM RS thecR WGl AP ERRRSS mawé@émuariﬁﬁ.ammﬁén@ fpdlowing,
alone or in combination, a) clarification of viral harvest; b) concentration and/or buffer exchange; c)

purificatiSRCHE 40Ty 588 O SHTBBEE PRASIB BITESAE P Pt atsGRAPIP EnéR #FLrifile filtration.

These stepbhodan&RMRESaIMINRISSEERS S IEhras thepinesd uithim renNpETficgRdeBYCclease and
stabilization of the viral harvest or viral load. These steps m?y be performed multiple times in the

purificatiH Bsced srefinacardshahanblint Ao m e ¥ r el veRIN RO bfetfiely fBmoving HCP
and HCDaresdesceineshrBsuerisod QNI Mainetsise b o dhesclariication &fl B Miatdranmes include,
but are not limited to, centrifugation 9ialysis, and me%]b@ne filtration, Whichg‘gf;ludes, but is not limited
to, MbethiL5aRAML &IHRIASS, C&&é&%“ﬂ&?ﬁﬁ@&t‘ﬁo fieution ‘@?—%Q?Fr?%vﬁ? TYETAAEWS Grectly
through theaiat poediubouand esnsshievoeurtargential flow filtration (TFF) in which liquid flows
tangential to (along) the surface of the memhrane. TFF l\1/s,tems may. be run.so 10as to maintain a
constant Filtratd rﬁwﬁt e Ak e ) tapB {FHbag 8 S8Thers of

permeate gemdthatecradierahiropmbane mast i (bt Ofréennaaisidinea: capptanitransmembrane
pressure (abbreviated as "TMP" which m%ry be measured asrﬁ?#nds er square 'nc%& 1)). However,

v
either cofSEant ISR UM hE FIAEHS) B FLBINABEYS RYERT HRSHbraRETOSHS MALbT4Hes for use
in filtsatiopeapiicationgface aichileherfited Seoraragnpia) paneaess, inclulidgddpdithiipeRahdhere are
four commonly accepted categories of membranes defined by.the size of the material they remove
from the SRR TGP, A HOTIRES SIRESEId PG T S A Feve R s
membraneshednidlitsatio antedilncah asouwltraiiralior ordmébranescandumicstiitiiatiarambranes.
Filtration with the above- 20. mentioned membranes separates molecule accprcm tq,their molecular
weight by CUHE RRePRHARE P ABHEc U T56% I8P ENARMbIE LORATAtan T cse osmosis
membrang#tihahibve poregairesiabsdian oMl thicsegiate i laiptentediiasadaraie Foelecules that
have a molecular wejght less than 200 Daltons, Filtration with. filtration membranes that have pore
e Sy S i e G TR e M
moleculatowepgttt fiiesh 200uRatediito Eogkilttialions ¢ElaRihallisiveldriltraticy, withnultiaéitedtion

membranes that.have pore sizes from 0.005 - O, icrometers, inclusive,.is infended to separate
el T S e R e s Lot A SRR Bt B et acion
membranesdingtdeayizypore witeadronthe.bal Suliimiciometersrdbiusive; isnviended|tdcsapdrate
molecules that have a 30 molecular weight from O(EDa-?aOOO and larger.. Accordingl

e T o S e R R AR RN et
bastd omsize@xokrsiohusysutfizing avesdianedctihel dibfresh pertiomramilotenidarcuvaigiteaist-Off

(MWCO) that js determjn the pore size of the.membrane, The MWCO, also called Nominal WO
010036 B T T ET0 i e hTE e rr ER  HAT S KORUed RATRS far werght
Cut-Off (MM¥#E], tis dherkioddiion sizsctibsfgrationidgrohaftiittat ad diionemreaheseditne MWCO is
defined agnwer%ocl?géjlare%eight of the molecule that is 90% retained by the membrane. Because, for
example, motecules et the same molecular weight can have significantly different shapes, the 5SMWCO
is not an exac 68tric, bud perierthdledsrentsefedhvalticantNSHOK nedisl(eaam ployvedvwyifitterc
magyfac Membranes ma used as flat sheets or in a spirally,wound configuration. Hollow
ey ive e bR SR s e R RS Rk
membrankgyphigridlheraytbesesey incindonyatedt (agt Jibyithd sddrege né raped @slutdsbitpotyether
sulfone (wiych ey, ar may, nokbe madifierhia atardis Afinerent hyciopbobicing, palyyipy(dene
fluoride ( Blll—a) and caramic and metal oxide’ aggregates, as well'as polycarbonate, o?)}p¥opylene,
polyethyldws badddtdEo (REALQN)INsimoendrgioltadsttht povnbisationts b tiltuationtmretficodd and
membrane types may be used in separation and thgt the capacity of the filters, columns, etc.,
comprising separation membranes will be adjusted depending on the volume and/or concentration of
material being 15processed. 101451 Methods useful for concentrating and/or buffer exchange
include, but are not limited to, dialysis, ultrafiltration (UF) and diafiltration (DF). TFF can incorporate
both UF, which can be used to concentrate, and DF, which can be used to exchange buffers.

Furthermore, the use of OF and/or DF may result in additional purification by the 20fractionation
nraracce that wwachace emallar molaciilae which mav he cantaminante thraorinh 2 mamhbhranea and laavac



25 discontinuous DF, the solution is concentrated, and the lost volume is replaced by a new buffer. In
continuous DF, the solution volume is maintained by the inflow of new buffer solution while the old
buffer solutidPidVdmMved. 101461 In certain embodiments, the clarifiedR&TE $3W8ME_ K Fated about
2X, or about 3X, or about 4X, or about 5X, or about 6X, or about 7X, or about 8X, or about 9X, or
about 30§PX 185 Pentursheigi bKigguaisitbed otal sharking il wnaatdaedtadhgsargration/final
retentate volume. In a specific embodiment, the clarified virus is concentrated between about 3X to
about 5XMS8RYIREP specific embodiment, the clarified virus is concentrated about 4X, wherein "K'

equals the Totgjggatinphvalwis? areeddoihB.apesalian/ ARG\ result in poor cell
2010/036760PCT/US2009/058157 volume. In certain embodiments, the clarified virus is cor%centrated

about 105PERAIBRER et st omatiaARegamasdhe BERieRt BRREAR GRSy dhsca

em bS’dmﬁHi@tlf@ IQWING CRAG AR RvARMAUL I HIA¥O Wage0E IRk 2 tHisMalmest @Ko@éﬁ@é't 3
diavolumes, or about 4 diavolumes, or about 5 diavolumes, or about 6 diavolumes, or about 7

diavolumBSEdsA A SiikteigiBoa imBead ramier Bdndiprnbacs imitest thohs veipdes camtitcd

diavolumpsied bukiehRriEaeRebang 8 s by Hth WhREini AARHOIHEEiSPR {ofab uféer s/olume introduced
to the operation during DF/retentate volume. In a specific embadiment, between about 4 diavolumes to

about 6 QAVHBIHe GBS Rask ATLHBRECH HEHSTE 3 HORI QRS HE RER4PH SPrE IGHIEME introduced

to the opesatigr Alngdoniete Rt/ algneed %y%@éhlﬁrzw&@yep’l’@ﬁ@mﬁéﬁt Jarekeuthihgvolumes
of buffer arc exchanr%ed wherein a diavolume is t otaﬂ}buf{1 r volume mtrodug%d to the operatlon
Bodith

durity DRESEARRETSHIAREY PrerBeareh ddrRihhe téutmi atdhtRE IHSFABPRIAG ruses

(e.g., inflgemga, RSV), is collected after the desired volume of buffer is exchanged. After collection of
the retentate s vir ain, weakl e Accordlngly, in SO e
oo Gh R A e KRR G Nt At et
CO||€CtedoreQI§mﬁh€a E,Ftt&aemlgeageﬂt igientaté isalitoeiatesdehrreiyagrgpnditionechyiral load” or as
the "4XUF =" Wheﬁe ‘4" indicates ejther helfold concent(ﬁﬁonoghe nymber of diavolumes of
buffer ex€ H B Reat o Aras e scas add irRisd banthagdiition gt aifibs ?tttﬂgd’lgﬁg “&membrane
with SOEI]YDJ&)MIV&(ﬁ@ubaﬂﬁﬁdlﬁ@rlﬂqeib@m&mﬁaﬁ@hfaﬂCbﬁQ)ﬂﬂffeﬂ’aﬁoﬁh&ﬁg&pﬁbﬁ'ﬁme embodiments,
the membrane, may be clea rocess and re her embodiments, a new membrane is
sectfor ST UBEN o S ORI OF SO0 S SRR & ST A0 i
concentratedoaadlthe 1blﬂiféefce>(®hﬁmg&d:laﬁt@®gﬁﬂilf(e@I,ﬂEID&"zE)(mpi%EhﬁprdﬂﬁhlﬁsS@dhﬁlﬂg 8.6 and
8.6.3. 1014 hro atogra ulfort urlflcatl n of viruse qu 250r RSV)
incuie, BRI SN AIEE 5 SR TS G Bg S st adh SRR Cit RS ity andror

hydroxyamahte)ﬁweﬁabddgrsaadhys tn:c@ttaihlcﬁttdtodmhtﬁemmethehﬁmér@hrﬂm&imgwhyas used. In

mbo iment, c om is,used. In another emb ent, ca |on exchange
2t U R s ST BB B eSS RE S SR G By i

used. In acstadodlmembodﬁnémtscaxﬁ&sﬂbodmuatahwmﬁnmmmm @hamdmox@aﬂger is used (e.g..

Captolm Q, GE Health ther embodiment, h formed at
o o, ANERFHBSE USOTITTEY 10 B NARg LN AOEr Ay QS Bt e R IHIERGD, iors

membrarfe:sidsaitiars SadiobindgdatSeid] 5) and cation membrane adsorbers WO
2010/036760F;L (Tébj]s 309/19581%183rt0b d{ﬁ) %&% a?ed C ]hSe)d nothe em odlrr%e%t negative
chromatography is’used wherein the impuri ies are bound yanlon of Cat on exXcna g ahd virus is
sulizequéntiesdpaiatethoopusified droomthéctayhiaitied clich asdivlsforetlaphidgincin ddotuagchkaic acid. It
is contemPIategIl Htto reotcré Ipetay n be rformed qﬁu elial%t da;ftroc%s1 ger%altematlvely utilizing
a 5columh process T Certa |men s fe con Honed Viral foad s pUrl ied by P Column
chromatdjragptimtc-Bidb4a] MbﬂmdﬁnkbehfmdﬁéSﬂifncSehtmmnEaﬂbtsfBoiatmasdr&ﬂh@dﬂﬁmnnclude
along wi the other steps of t catlo \Rogess, treatment W|th spe IfIC donuclease
(e.g., Bet#zorpase S)S ?—%ev\?ve\ge fn ossenb‘frouses ﬁ@&dmé [ enopedofror rﬁ@lal%ls% ina m‘éﬁ%
10(|ncluchng/huwmsbs)1ﬁdmmlemdb[eeﬂhawmh atbumt (@fen dnddpredificl esdonucie dde prabesfinaypurified
wruite m|n|m[al Ac ‘fﬁor |n er%l%th a,[%pect the ﬁn%%m ({went ?ﬂo P \{g}lgs[t[n%r%%d[s for the
purifi cation ofViruses cet e qua y any Fesidual non-s -Spéecific en onuclease used in the
method téelevdls M@mhatea):aeqbtablgrtmttnmcthttnie wacoines] fodBohérvesseler@padimigntiitbe purified
viruses comprise less than bout 0, n r lessqthen t.0. 005 r Ie S th about
00050 o e B S e R S I SR G g,
or less thengzbtalk Ho8086vng, seddes ethamﬂb&bSO@ﬁEMﬁg, dn lestathembbdim MBOREwWesTOr less then
about 0.0015 ng, or less then about 0.0010 ng, or less of non-specific endonuclease per dose. In a
specific embodiment, the purified viruses compriseless than about 0.0040 ng, or less then about
0.0035 ng, or less 20then about 0.0030 ng, or less then about 0.0025 ng of non-specific endonuclease
per dose. [0151] In other embodiments, the purified viruses the purified viruses are influenza
viruses or RSV and comprise less than about 0.0060 ng, or less then about 0.0055 ng, or less then

about 0.0050 ng, or less then about 0.0045 ng, or less then about 0.0040 ng, or less then about
N NDNRAE nAa nr lace than ahnirit 0O 0ON2RND nAa Ar lace than ashnairit 0O DON2E nAa Ar lace than ahnirit 250 ONO20



endonuclease per 7.00.5 logioFFU. In a specific embodiment, the purified viruses are influenza viruses
or RSV and comprise less than about 0.0040 ng, or less then about 0.0035 ng, or less then about

0.0030 ng, Y248 ebout 0.0025 ng of non-specific endonuclease per POYEYHBERL7 In another
specific embodiment, the purified viruses arc RSV and 30 comprise less than about 0.0040 ng, or less

then aboyp£l:098% e « B6ES8HENRE AEIROBRINGQNIESS HRA ARAUIR) IO Lf AamsRRSific

endonuclease per 5.0+0.5 log, oFFU. In yet another specific embodiment, the non-specific

endonuc¥adbSEB AR CRRIGTEHIOE P sDBETIiSSOlsRbgLh 2 volumes vashmadiumy

particulagimpeiidaed farttinseotiupas ardianyvirahemponeizihatinig,  Herdatdob clinigaltse in
animals (including humans). Accordingly, the methods for theaé%l%rification of viruses (e.g., influenza or

RSV) of that pYasEHRAYrEn 8PS oRbS RS e MitsRRd M chadda b g Rt s S LRg ¥R Siltration
stepqe.gofRAVIHHSRBHEAAVDHEHHIZ8%nR MRINoiD (e 6F thefbienzal WaiklnMesheds srsatul for the

sterilization of vaccine components (e.g., viruses, delivery devices, etc%include, but are not limited to,

irradiatioRC HIER, dAamrcatiresmhetimant b nrdie Hradded e combHY eBGatheNt the

formulatesf vieus 1k lisveteilizod by filbratiencHituatien meinps: Wpetitiiamsbetlization wetude, but are
not limited to, single pass, dEad-end direct flow filtration (D_FF)ﬁgnd 1Otangil;1tial flow filtration (TFF),

which haS$uBhiHaddsh BrEaRH WioRabart dJ8 b e anamH o DRl mseRl #tiscetn not be
sterilizeddusing .2 Riesdlizatiempsadadiierhtteds inonadambedinerloRIMés sterilized as part of a
termjnal filtration step during the purification process described herein. 0153] Herein are
provitied specilf?é’%%thshgef%%aﬂr%mhwﬁ% BB TBTBE YA G BRAE o, 6.5.1
Purificatiohethiffiuansasnisasan HOL84L Gerliade Binbadimats:dieoyiruses to be purified are
influenza viryses (e.qg., cold-adapted, and/or temperature sensitive, and/or attenuated). [0155] In
o o NS BRI LS o S R SRR B TR hollowing stope

(a) clarificatiprba Ve hapess; hiedorentaion asd/ EGUKgr exehpoesifallaviomeiapt(); ()

purificatio chromato fallowing step (b); (d) concentration and/or buffer exchange
Folowing QALY ST S5l Lo AR OO 5815 (B VT 8RE Th SR BRD AR A wirses
arelipfluenzatvitusesdehashecifoembadibentihe infienavirtiFesavt. daldeadapseitkrand/or
temperature sensitive, and/or, attenuated influenza viruses. 101571 In a specific.embqdiment, steps
(@, (o). (P BRE T8 e o P By S GRABRRFAR S ARSI F R e RSO AFRERY steps (o)
and (d) asibquedermed tytang o mtiaN owidikirgiieiridresiblb ancshe tispealicracdhodicoaiprisée pisc(a) and
(e) are perfarmed by direct flow fiItrat'#np In )(ﬁéa ther specific embodiment, step (b) includes both
concentrﬁh R AT SR IEHIP D 8P R by diafiltration. In still another specific WO
2010/036760P0TYUS 2RO 058 dieteho dinpHtp Stap (di incledlam aoiynnasiag nhatiasatidd ional

empodiments of the method of purifying viryses arc detajled infra.. [0158].In ope specific
e b el S ey D g i e e e e
embodimand;siie pof@p fisitiethie chepoiates tre dirherm wiihoathR-apeetionniClehsendia9] As

described supta, viruses obtajned from cell culture.may be stabilized (h%é ... by the addition of a sucrose
i 50 e o e R S S AR
encompadsthd Slanfichvanf aBhabiidedvisdlahaivie shcdiietnaiivalisiibe stepsiofhaonesting and
clarification,may be coupled. For le, ATE 10 e used to harvest cel| culture replicated virus
Rt et e g SR R e R et A
101801 Fertexaenpiledonads, itteditho frooelinfelited ntitigresshad wigt bevekhrihieditoy centpifisgagion at,
e.g., 1000-2000.x g for a.time sufficient to remove debris a ther large particulate matter, e.g.,
petmieen A6 A SRS AT Ry T R e s B L S e
membrankeok as bl @ficuiaian gec afef and teize d tea gp cerfoeigin hodattawt pasgad e fof thl vidbsravbitiegetaining
intact cells and other large particulate matter. 1611 In one embadiment, the viral h stis
clarfiod By UEE B TR Gy o s R A e S B AR e e o
pass thraughabottstrialheneedgid teftetaittinteco Chitsverst oeltlilan detiriscdh anltrembodimidat, the viral
harygst is _clarified 0 DEF.and/or TFF thropygh at least one membrane having a pore size of about
e e b e B SN S SR B TR R o
one membrhelethavaggra e sizd of bettweambingul. 2 Ahdubrrmétkrss tocabal tafted> duidrometers. In
another stplecifichenryetgggﬁln}%qhet@euvérl.lf,}lﬂpr%rvest is clarified by DFF through a first membrane have a
pore size of 1.2 micrometers and a secord membrane having a pore size of 250.45 micrometers. In
certain embodiments, polypropylene and/or PVYDF membranes arc used. In still another specific
embodiment, the viral harvest is clarified by DFF aggexemplified in the Example provided in Section
8.6. In yet another specific embodiment, the harvesting of the cell culture replicated virus is coupled to
the DFF step. For example, the cell culture replicated virus is harvested and applied directly to the
media and device used for 30DFF. The coupling of the harvest and clarification steps reduces the
number of manipulations, avoids the need for a harvest tank and reduces overall processing time.



101621 In one embodiment, the clarified harvest is concentrated and/or the buffer is exchanged. In
one embodiment, concentration and/or buffer exchange is performed by UF 50 WO
2010/036769PCTIME90¥9/058157 and DF. In another embodiment, TFF isR{SEHYAOHEH e UF and
DR In yet another embodiment, the harvesting of the cell culture replicated virus is coupled to the DFF

step which is qogpigd to therdikmiRRihbeEaHPiRD afithe hasyasteslatdicaliondingn of the
concentration/buffer exchange steps reduces the number of manipulations, and reduces 5overall

processiftitiBediiE rARPER B thnehaletipeepit FARTISS BLorAtiinamh KasBARRANEIRFARS Flux rate.
In other epnhadinygnatprdhsEFAiSHId SO AR dQuNatBtAINaLNSRBIINIT: sl &mbogiments, the

clarified virus is first concentrated by UF and then the buffer is exchanqed bﬁ,DF. In certain

embodint8R& LR MdisRrt ok inEdAciiiae S haiots IRt gibit B IEF all 86 3R 28R about 5X, or
abou 6X4@habR Yt §itAloA9 db&XmaTcatUih3X 1 He aPRt LAY QiR MRSHRID I XhcoflkkMS the

Total starting volume added to the operation/final retentate volume. In a specific embaodiment, the

clarified VA cARLEhraRG b Ealedn B S6H S ranBueeserabatimcabe hecel BoMRdht, the

clarified igustisl cRAGemiTatekaBOtHA ¥soTereifopigfiduals tiecEnialistamindyvdaadsencto the
operation/final retentate volume. In certain embodiments, the clarified Vil’#JS is concentrated 15about

10X or mBie $8'HEresaE Hed ahaiNg s Ante (hERHRE HE LI RE0BRASRHRT Ol ihsett Sdiments,

followingiigneeniration anew dseiamelines onabaidd D cinvellibess Piaheubsudigyrlusnes, or about 4
diavalumes, or abgut 5 diavolugz?es or abolﬁt 6 diavolumes, or about 7 diavolumes, o[iﬁbout 8

diavBlumeEWsFaBBar oA GIARMEE P atRhett chadiRIhAY Lo ARRt J A o RS L SER g Gre
exchangadbydfbomhesein b digyeltivedsbibrieial tetariveivimerddadrodueadds dbeupperation during
DF/retentate volume. In a specific embodiment, hetween about 4 diavalumes to ahout 6 diavolumes of
buffer aréoe%&%%% JEP5HR SRSBENSHE ﬁﬁqﬁéﬁaﬁmmmhﬂﬁ@ i cébe{%%agﬁgfranon during
DE/retentater\olihivnadditienethprospssifichmirdione ayialbiou!td kisyelidmesdefthuifeiare exchanged,
wherein a diavolume is the total buffer volume introduced to the operation during DF/retentate volume.
15 2500 TSMERTSITATE 08 BRHAP R L I CAeF b PR e Wt i the
viral harvest.diltorei e spiradidnfnt dhecexahangs hidfecdscaiboR bufidnaka Nautppticin a specific
embodimeg% '%m exclé}%ng buffer comprise Witq)in 1Q% va,;)iation of pne or more component) 218
mM sucr68ECLIMHRY SHo %h&\l ugﬁﬁ%?‘%ﬁt?. o A0 athiR AP tHR BB  diment, the exchange
buffer consists[@ostiin 1D86rudnaticto dinasrsOn FoteasoRRONRM) SPrekads mbdttosks ddImM
phosphate puffer, pH 7.0-7.4. In certain embodiments, the retentate, comprising yiruses (e.g.,
 amaaS LR PRy R AL B BRI OBt DAt aP e LS AP LR G BVAE otentate
some Virggdayhiemainsyaakishbpundde ibeddeimhndang tidasr dinglyafiorsomeggrathodimeats, the
me%)brane i%rinsed.with addition%I S%t O 201t0/036760PCT/ 82009/058%57 excktlange buffer which
is atided RORE & SneBT P HIRTES P& S ME T Tobaittals AR Fetef Y IS e PERCAE™ Qo Alitioned
viral loadispuagitiepiidalie #KDFpadifice: it ddidicateheopitoesdire fal decmrqantratiofeqyr. thgpsismber of
diavolumes o uffte e chan%d fo tlée OFta,[nd DEt roc sse$ res ectiveg/..ln aj%ecjéicdembodiment,
a membrahd witha 508 KBA MNES® 1{][516615@(%l“fé)rmfheasceor%r eh rig TR AN baEF EXHSNGES Th some
embodimérisAihditaembiand s 18d Clisanedl plist prpsassaaria fecaech dninitieoerobadiments, a new
membrane is used for.each batch. of clarified virus. In another specific odiment, the clarified
e S e LS e e B R S S BNt e
8.62nd &i16d3r [BdG3]dnditotai iwditizoditoentSXthaschaditian adedicdlifahd éslpurificabbise pre-

10chromatography. In certain embodiments, the conditioned viral load is urified by calumn
chromat AT 1 &S SRR L e S A Yy e

chromatagiaphynd theretycoh@ifioityod o matcgsadBy wesdid arengla)ltisleomthesimulyr seppabdtion
properties, for exgmple numerous affini gﬂr matography medja are avail bEf r the concentration
e DBa St N N s S ey
N(p-Amirdphent ¥xaeeid@cd agplo ey Belafifte ThBuWlistde dBthdus Ussis) fodetaatubtighdythe
performace of agini ligands mplified in Exampl 7. In a spegific.e g ent, CellufineTM

D e L D e B R T S R et
FluSelection¢snitiizad O affibity € e gmiztbgr dptaghl pedli| Fano thereravedsnehf) IKe Hdiolgl ligand of
the affinity megia 2comprisss a=ullale molelIn serialnembodimente. s qondiioncg g load is
loaded dlre&fy onto an a m%qy’me 3. In Certam embodiments the unbound materia may be passed
over the #ffinitll iz is Patititenerbioatifinding ebadditibi?al}inrdeswi@heAout 6reXembloaliment,
between about 10" to about 1011, or between abog%logz to about | 098, or between about | 09'4 to
about 109'6 virus patrticles, are loaded per ml of 25affinity media. in another embodiment, at least
about 109, or at least about 1091, or at least about 109 2, or at least about 109 3, or at least about 109
4. or at least about 109 5, or at least about 1096, or at least about 109.2, or at least about 1093, or at
least about 10, or at least about 1010, or at least about 10102, or at least about 1010.4, or at least

about 10106, or at least about 101", or at least about 1011, virus particles arc loaded per mL of affinity
maoedina In 20cartain eamhndimante the viriie narticlace are linviea viriicae Moathnde far determinina the



WO 2010/036760PCT/US2009/058157 9.6 logioFFU of virus, are loaded per mL of affinity media. In

another embodiment, at least about 9.0 logioFFU, or at least about 9.1 logioFFU, or at least about 9.2
logioFFU, oA P4¥P356Ut 9.3 logioFFU, or at least about 9.4 logioFFU, or B TeB314088t 195
logioFFU, or at least about 9.6 logioFFU, or at least about 9.7 logioFFU, or at least about 9.8

logioFFUp 01 24 least baheuh A5H10 A 28batt deiss, ap et 1oaietiFd)i ighifasihaiont 40.1
logioFFU, or at least about 10.2 logioFFU, or at least about 10.3 logioFFU, or at least about 10.4

logioFFLPSPSETeRaus BoliX 1020 oug RREUX o abebxst bRt I8 S8gio ebayt 804LR%sPabout 10.7

logioFFUp @ivatheassalbnsxd ©dieaialiid s, at isasiahaybddiooiobhbe@roa 1east, apout 11
logioFFU of virus are loaded per mL of affinity media. In a specific embodiment, CeflufineTM Sulfate
%%gi

10(ChissBE) 2R Hratitp et 2 andeb ahobtl 3% 9 gRiit O 16X 008 189 PRS 5t Uirus are

loaded pepsut-@HBelbifiniiModaiiate: iBanothexshembctensodisent & olbmer MsilieteXChisso
Corp.) affinity media is utilized and between 9.4 IogioFFU t0 9.6 IogioFFU of virus are loaded per mL

of Ceflufiflia SherEcsHdtifbsiRRES LSRR gmBhRiRiEnE tesfatefsedietds RSSO affinity

media is pilizegranedal/easicabiauh logigkilidtant AtdrestiabontOndieaioFUyvidraideast about
9.6 logioFFU, or;é)ﬁst about 9,7 logioFFU fvirui are lpaded per mL of CellufineTM Sulfate.
101661 INGHE ORI B EnHhe iR SRS WSROI WIT A SCRTEIR BRI GPBEHEr in which the
viruses Wiiiemaincaasik of heeiipity. medioiege apiROeN0X0stemre e maothis anttiweakly
bound contaminates from the affinity r%%(‘jia. In certain 20 ?grgb(}gments, the wash buffer comprises

(witHin 168 ﬁf Brettpisbie Smp SRR BACRMISGE 6L 1X-mM phosphate buffer pH

7.0-7.4. In anofpgygperiisamdbtinvent «éheyasihblstiar copsisis ©hwititiotialp anatior of one or
more comglonent(% 218 mM sucrose, 11 m1\4 phosphate buffez%fH 7.0-7.4. In certain e({c‘)nb diments, the
viruses afBBIYSANEAT ey Watistarts %armpé,e IR S Ui AR 0b5EN 65D fer in which

the virusesiwit 2onelhireiimine phivatascesiitRopise dhacyitibedilbovt teleasingzany dentaminants
bound to the column, an E(I,é)l_llected. In cggain em oclérg&nts, the elution, huffer comprises salt. Salts
i

useful foPtHRRHSiBIF BF <A RIS AORsRhrJRT Hesi P UsISATHRSFEl LSSt Siforide,

potassiuwshiakgeoastmendambeniositieionaghestutushlorgecandisalehtmihiosde. Generally, the

elution buffer is applied.tq the resin seitheragradien or step in the 300 to.1.0M concentration range.

The effe VBB LU th AT AP SHSOATS Ul L R LRI AR BRIHEAES RS EIto M the

Hofmeistesdaetiess wihrtellbavirgenot slisplgise the prfosranmaidy peaddestiensnstkeadlte Mg2 >> K

>NR4I and the order of displacement effectiveness for commonly used anions: PO43- > SO42- > C00-
Fisisapols ctobeg: i

r of
> CI. In ohe eMBoUIRE O"P8%8036 7001 HiEsy ey R SRS SB BaReLRsALes (within
10% variatiasfesoMathocklofidfaatiadibed Canbentriadiofcd fwlivehl rednasloe i ecndaiinat tibeeldtion

bu comprises.(within 10% variation of one or more component) 1 M sodium, chloride, 218 mM
e B s T G e e O R S ererras 0 herein
as the "pHrtieg e us SHo@da. 8 5Thin plitionlaf, the iintaes chavbe srenitosddhay proridomogt withviolet

(UV) absorbance, in particular nitoring the absorbance at 280.nan ters. In some
ermbodin P S HREHAIS e LbRATS B I EAR STSE abTy EAAETEeluton o
the virusescignnothitokeldaznd spsbificcfcalitions ahtjpmnsés vinpdemanagotlectedh Suehaanidpproach can

be useful J[]‘ n it is desirable to mjnimize the volume of the eluted virus. | other 10specijfic
padoptet it e R Mt A el s B SIS i s e s S

pro2ided washebitare 18 Gost pt@ttaseltdentectain embodiments, the method of purifying viruses (e.qg.,
influenza) inclii] reatment with a non-specific endonuclease .(e.qg. nzonase). Jn certaj
embodiments,Ltt (?a&?jon%slpsgcl |ceréln88hnﬁ%?§§§)§ %%eté’%%‘ﬁ# {Jacl:lc%serg%ggﬁlﬂf?%ﬁi%ﬁlﬁﬁcﬁ%%o&ﬁfviruses. In
one embohittaeng, axenispexifig tndoratealertréatmenthoctursiatigtistapl(s) huittefdre step (b). In

another e diment, non-specific endonucl treatment occurs after.step (b),but before step (c).
A tornat B O L g M R e SRR o Mt B TSR R e ancacon o

this apprbavch tzen elescniplifiedb oy ¢h doboaneplbqoliovddethérc Bdation B éntls aappbbifed ehebodighent, the

congiiongd yiral loadie 20, boupd.o,an afinily mecia and then Is.exnpsedp @ bulfer gomprising a
non-specific en SHUCIEasSE 1N Some e diments the non-spegllﬁc endonuciease 1s present in the
buffer at BI2dAcehtiation coftetineats dbhoohdettdgnapcand abded OO ¢ et cirtathet meddiments, the
non-specific SAonuelsRss s Prspent ip ihe Bulferha.concaniiaton ol PRSI sbout 49 U/mL (o
about 60 UMML. 1h one embo iment, the non-spécﬁic endonuclease is presentin a utter comprising
sucrose. baterspedifiotdhfoodihte abahie3 moN spekific emddrut i@ ase 4 forebentt Imavhuffdctoeeprising
218 mM sucrose, 11 mM phosphate buffer pH 7.0-7.4. In another specific embodiment, the specific
endonuclease is present, at a final concentration of between about 40 U/mL to about 60 U/mL, in a
buffer consisting of (within 10% variation of one or more component) 218 mM sucrose, 11 mM
phosphate buffer pH 7.0-7.4. In certain 30embodiments, the loading and wash conditions are adjusted
to ensure that the bound virus will be exposed to the non-specific endonuclease for between about 10

minutes to about 120 minutes. In one embodiment, the loading and wash conditions are adjusted to
anciira that the hairind virrie will he avnnead tn the nan_enacifie andoniiclaaca for hatwaen ashaorit A0



10may be increased,; alternatively to minimize the amount of non-specific endonuclease utilized the
time of exposure may be increased. Following treatment with a non-specific endonuclease it may be
desirable toWR3AMBEIthity media with a sufficient volume of buffer in whi®& THESIHPEES 137l remain
bound to the affinity media (e.g., an SP buffer) to remove any residue digested DNA contaminates.

Accordinghsuocs NS MRRAIMS RIS IBe theaBinibbErsin. sSsiasbed s descrikedsuria Refie and/or
after treatment with a non-specific endonuclease. In another specific embodiment, the non-specific

endonuclb8Y {8 B ohEdd g b LHirSh ARt el terbRIdimEnd. drebebrertichedtardmiddas treated

with 'R) Bepzepaserasthetaapicaitie 29 pwifieatioudy alinidy séessatagarhy asexemplifisd in the
Example provided in Section 8.6. 20101681 In one embodiment, the purified influenza viruses

compriseedsAhBF EERARPBOBONG I urheUL 2N a B D oS SeP At iRe G h6\8tRS #5956 ng, o

less then; ah@us OO Q4SBT carigsathah aAkIH-CRRABMNEE MJess then aFrutR-QRR%BE JFriess then
about 0.0030 ng, or less then about 0.0025 n%)sé),r less then about 0.0020 ng, or less then about

0.0015 n§Ipids8roh BpGat 6UBTe Mgy SraaLs iaibated fmrsHad i digsRrgEtertBs0.5
25logioFE4itiv 2 shaetiasembosime o bodipsitie thiflupnzaviriisas tamarseh ess dhantmgout 0.0040
ng, or less then about 0.0035 na, or less then about 0.0030 ng, or less then about 0,0025 ng of
non-specifEARoRUREssa598t & B8 10gIFED Mitatl ﬁ@?iﬁ&eﬁﬂete%ﬁl&oﬂw@ﬁmﬁg Ndh-Lhecific

endonucleaseds Beiieonasetd Aaan AeNeeBeH e ibsnianidel abdug T HiieasonBycen
chromatography the purified virus eluate is concentrated and/or&?e 30 huffer is exchanged. Methods

ap

usefli foPRBWCENRABAY oMo BUREL QK ATEKER RROB SO AR hBrb SGgrin S et R ARS8 iments,
the buffepohihetpubbedviousialurtBesvexehooaesdusingodibolit aneBINBIOHREBH Mirgibarabout 5
diavolumes of buffer arc exchanged by.DF, wherein a diavolume is the total buffer volume, introduced
R ATl e R AR o il S e
of exchangithg snera itanahouibptiay @ unes dittdeibd eioik d6e Biamp e riuiderisidection 8.6. In
another embodiment, about 6 diavolumes, or about 7 diavolumes, or abouyt. 8 diavolumes, or about 9
o O S T e e RO BT SRR S8 S N A DR eroin
diavslumenisudteey tetaldatifeny oluraejatifid uastsh tirtlbat afe tatiau ldutidng ibfubatediaith viedume. In a
specific emhodiment, abaut 8 diavolumes, ar more diavplumes of buffer arc exchanged by DF,
o S B ARG A BRSBTS RS S N b ShE PRHR volume.
In a specificlebiodicaaidrd i exchahigadifiseamushs (uithia dd%elvariation of one or more
component) 2 sycrose, 100 mM phasphate buffe .Q-7.4. 10In gnother specific
embodiment. I e A AR hitate Cov A pel L b ShE e DS LAURSIHEho of 200
mM sucragpisi€) i\ xahgdphatehbuifempid PHOfr4hérpagtain dmbepisiCiotsmiirlietentaiepEomprising
viruses, is cqllect ter the desired vol of huffer is, exchanged. After collectipn_ of the retentate
o o R ST R B BT M AT R S monts. the
membranpedsainaent wiith addlitiatia hgexchangecbutfermildi e os @dbied inctbe baliected, réientate. The
collected fret?ntate i% atlso r err?d to %%{eén[ a "forwul?tted v}rtus buIJ[<" otr as tthe tllll#x%Fl’" where "4"
indicates HUMBer of travOiantEe 6 utrs’ x%ha%&eedcéluﬁﬁegaa ﬁ@rﬁfcfg%snsl,e?e 6ec%\9ef§/?‘11r111%1 specific
embodimsehtasherwbearsdwitlh). 4550 dtioat NI\MC £Xisoudedyiemthbooo OCEX @ tiboua 0 Y b2 hiifer
exchange. |n some embodiments, t mbrane may be ¢leaned post ss and reused. In 20other
paviahictEe il AR et hs gt e it e
embBodimehk thexbuffd). ¢TI pubiisdwmiraboitia7 sXetchizong €o0a 2 B e phifiecein dbhe EX8TPle
provided in Secti n still other embodi the clarifi irusis concentra and the
e il e S G by ol s « T
volume oflibret (28R fio mhictatedhadlinscbitslkh2 Finat eohad oneratmdoh priteateadiedtol thateds
concentrated abqut 2X, or about 3%, or about 4X, or about 5 ore..whereinX" equals the Total
i T R e R o R T ot
is concertu@itxd dethear .25 andabxut 0.5 penifib@mbddixhenspthe GibX etulates isX ocoentrased about
2X and then the buffer is exchanged by.DF.as described supra. | specific embodiment, the buffer
o B B R A R B Exarmple

rovided proBestionpPlé:d 24 016X btooke dimbddiatientp thedeasmutatadoirusib bk dststeritizédpy DFF
p y

and/or TEE, In another embodiment, the formulated virus bulk is sterilized using a MF membrane WO
00103 e B e e R R RIS i
small enddgthadsr&inmamtitentntdndiiasitsicnt areckenmviodirtierdytthedforohulatexcuigsbalk is sterilized
by DFF and/or TFF through at least one membrane having a pore size of about 0.45 micrometers. In
certain embodiments, polypropylene and/or PVDF membranes are used. In one embodiment,
5additional components are added to the formulated virus bulk prior to sterilization. In certain
embodiments, at least one component selected from the group consisting of amino acid excipients
(e.g., glutamate, arginine), protein hydrolysate (e.qg., collagen, gelatin), chelating agents (e.g., EDTA)

and preservatives is added to the formulated virus bulk prior to sterilization. In a specific embodiment,
alintamatae arainina anA Acalatin ara addad tn the 10farmiilatad virrie hiillk nrinr ta ctarilizatinn In



sucrose, 100 mM phosphate, 12.1% w/v arginine, 10% gelatin and 54 mM or 0.9% glutamate) is
added to the purified virus bulk in a ratio of 1:9 v/v. In another specific embodiment, monosodium
glutamate, QI8P Yelatin are added to the formulated virus bulk prioPeTSESANPUBRAA!L a final
concentration (within 10% variation) of 5.4 mM or 0.09%, 151.21% vv/v, and 1.% vv/v, respectively. In

still anothen siegitn smRedimentuihe fomutated NiisR kIR IRIE HE Pl iaabexemmlified in the
Example(provided in Section 8.6. 101701 In a specific embodiment, the method of purifying

influenzal ¢ifudBsthoAlddire ot araretsisiebb o uabwigadsan Gpsiaimiikiion 6f &shfsfharvest by

direct flownfiltratp mddfm thmsomietdeastc2drags MR HanehAdaYE Pereusize ahhewween about 1.2
micrometers to about 0.45 micrometers; (b) concentration by tangential flow ultrafiltration ((iF) and

buffer exeRRg faﬁh&m&%ﬁ%ﬁ&% steFrayieerlia memEr St VRS BeRISa molecular

weight cukefh §MVES) 1S edpusiieatierrmalfinin ol cbtariggraphy following step (b); (d)
buffer exchani@% DF following step (c) using a membrane having 500 kDa molecular weight cut off
t

(MWCO): and krilfaatisHiaiot g SRy S ermvBt gl caProLss s Harmb AR E #lving a pore

size of befisgiamabaut Qe MictRMRiets kRIS YL Fh RO MRIESHc I Wierain gedathpesenery of
purified viruses of at least 30%, and wherein the purified viruses comprise less than 0.1 ng HCD, and

less thanlwélﬂ%gﬂ B%&%tﬁ%%%ﬁ%%ﬂ%@ﬂ%ﬁfs sErEbPeHUEddoodsdiisnel 101711

In certaimgbadiRebiadstar (HJbehaddacerperaiaskedmeapwithenbansnrsiiCaociense0172]
Additional parameters that mz;y be incorporated. in the method of purifying  viruses from cell culture,
a

in petticutar iNRREz VT AL A BRI SRS SPORTHSE if Searsh 8. 6 Pefow: 6.5.2
Purificati@x @hR&Y conliifaliénLosiuRaiic Rraoodmest, thevd vrasiashe BinkadCaichaspiiatory
syncitial viryses (RSV) (e.q., rA2cp248/404/1030ASH). 174] In pne embodiment the method of
oty AL S O RN SRR IR PN 5 AP 4 BBy B i) harvea
(b) stabilization entéadidiietiexahangs flprangmidnsal; Hedeenesaiiation and/er fudier exchange
following step (b); (d) purification hy chromatogra ollowing step (c); and 15(e)terminal filtration
folowing B 1 e FE A e N AR LeEhY! SIS G s E L B ops. 1
anotther spgeifv amBodinerthstegprisyduities, incofdiate Surdainepp ltdraddonHspaeificaKicliease. In
another specific embodiment, steps (a) and (c) arc performed by direct flow filtration. In.another
cpecic SHEBARTA o (b porlt At 55 A HERTAr M3 ARIEHOH K &5 Soubath F Gt
embodimaitiostap de), ivcliaesibathco nagotratianrdyctaodestiad fl diltcatideemd bddidoexchange by
diafiltratiﬁﬁ%m one, specific empodimepnt, step (d) is performed by ion exchange chromatograph (e.g.

cation-e JEP QHBHIE B HBOAHHENE 5D (c) includes only concentration. Additional
embodiments ¢dapg] méilvad ompodiyiog MMIBEK (@Ifs,aRSov)targdieiaddtdrdiacdb{0d 2GpThedpurification

methods of the present invention encompass the clarification of g viral harvest, The.crude medium
fof oSS T T AR R B sy ALK BB & R G8 BaBYE o S TR Suffcient
to removeateil detuis aictoihaiddegepaiticullate syatters & berdaddieieonHdl dandidd (minuteson
Alternatively, the supernatant containing, the virus is filtered through a series of semj-permeable
it e P Sy R S
retaining gndach cellsginct bitharsiarge Adrtraatate yrattgiticrisagheriiisatiotutiep sgdieenprification process
may include the treatment with a non-specific endonuclease (e.q. Benzonase) to degrade cell host
AoAIves i S e e o, i e e
filtration ¢Bé-Hye pintre dtedsedtto dacditsfpanifid wndanboiga sadandwg) fiteradatigain flae éted

nutrients. In a specific embodiment, non-tumorigenic MDCK cells are cultivated as adherent

cells in a batch culture system without medium exchange/supplementation (e.g., feeding or
perfusion) using a serum-free medium of the invention (e.g., MediV SFM 110). Additional
guidance regarding culture of MDCK cells (e.g., non-tumorigenic MDCK cells) as adherent
30  cells may be found, for example, in US Patent Application Publication Nos. 2003/0108860;
2005/0118140; and PCT Publication WO 2008/105931. Commonly used culture systems

useful for cultivation of MDCK cells include stirred vessel bioreactors.

31



[0177] In one embodiment, the viral harvest is clarified by DFF and/or TFF using a MF membrane
having a pore size large enough for the virus to pass through but small enough 5to retain intact cells
and cellular WA/ CEPain embodiments, the viral harvest is clarified by BEFFU28MIHAGon with
treatment of a non-specific endonuclease. In a specific embodiment the viral harvest is filtered through
at least ogg semiiaeehA%uRg TRfa s2eiigaayt 10 micrometers or less, followed by treatment with
a non-specific endonuclease and then filtered again through at least one membrane having a pore
size of about 3 WOMidrbnretsestoniessiom mepdeifivaheds dimdstcuheviitsutite MIMKirc¢He clarification
process I8 Iaua hiGASLA0RMERRANT NG RRAE FERCLLEMEERANRUS B IUSImELErs to

about 1. crometers. In a specific em ment, the second filter step In the clarification process is
through aslestdoohepoeembitanensaiiing by pontcriplstivbavedhtamelic@omisndiaresstayabayt 0.45
micramelefsd i SALAG FIORAUIMBHS 6 ISl QlPeRORAIURI LhS!oR alaRe 4 ) fgmbination, use a
dual membrane filter, wherein two filters dn%erent sizes are stacked to prevent the clogging of the
filter withttieosigeilier pong sipeonveraientsodimens adkctudiotter gsoaoaas/ms-atbeometels.in size,

BB A lISLIRIEMAVE AIARL A AT la, gher specific

whereln g & IEOMeLea IHRG a6) .
embodiment, the viral harvest Is clarified by through afirst membrane having a pore size of about

3.020 mméie@maravgéc&dnﬂnembfﬁn@m\ﬁgg eqbbmi@z@dom@ﬁ@ute_m@@a@nrabgmi@@
micrometgys: (/RN tBQ{IQﬂﬂﬁéHbé?g'fQ??é%@ e PSHdLAkRY ré%@% YIESeT (G RRY) includes

treatment with a non-specific endonucléase (€.9., Benzonasej to degrade the host cell DNA (HCD). In

certdln eﬁh@@@i?r?e@Fs@&ﬂ@&ﬁ@h@ﬁédﬁ@}@ﬁd@m@W&t@eéfﬁféﬁw&&w@aﬁvqmmmg_pubnb%Iﬁon of
viruses. In.ofg, REAGAIMEH L e IR IR HEGIB I WIth 2 AORiEPeSiiG-LRARNHE 3G dukiag step (@)- In a

specific embodiment, the filtered viral harvest is mixed with a buffer comprising a non-specific
endonuclag8wd afsaiieeapoitiics tiesnoispbcdiovratomonisasand prbsent in the buffer at a

concentration  fgveriaoiRimb Aot ABRU A0 Bk IR ARt ERRORI RO R lied N specifi

endonuclease is present in the 30 buffer at a concentration of between about™40 U,/mL to about 60

U/mL In awpkeiid smpoginrtintrethe srepeint MR{dnselbasesis prademoazapsuVEEE/sallsh one
embedimeant, %ﬁgﬂaﬁg?ﬁéﬁ&%@%&ﬂ?ﬁ%ﬁl&%@%ﬁ@ﬁé’b%%ﬁ?&/&@f@m%gta%%gomMst)? about |

OmM MgCl. In a specific embodiment, the buffer comprises 50 U/m1 of a non-specific WO

2010/036365PTPAdSP0EBAEE 5T Eiubiaeicbirlispdon RV beaigtNon 206(Qé &p¥tific embodiment,
the MgCl is- &SN 2t il ARl fEIRWiRg thae dUstditer sigmincthe plvdlicatian pracess the

non-specific endonuclease is incubated with the filtered viral harvest for about 1 hour to about 4 hours.

In 5 a spautRriah BRI Btihe HonishaifiecarbiBrubroassth piclisais Wittt tnewitaEharvest for about
3 hours. U&&&Wi@ﬁ@%ﬁﬁ&%ﬂ?@%ttﬁﬁlﬁéﬁ‘ﬁﬁﬁﬁ@&ﬁ@9&@&&'@@@%&%&?‘1@%{ &é{ﬁﬁ@t@{ditions

adjusted to ensure that the virus will be exposed to the non-specific endonuclease for at least 10
mirtftes, BaeTeastopomeRateer evlstrsien dpsnlredes erarrystu himilites, or at least 50 minutes,

or at least 60 Mjpgigs. A ! 8RB MBI UIEDK BLIRTSIShBHHRSYi 0&AL LPIRER! AifRinytes, or at

least 100 minutes, or at least minutes, or at least 110 minutes, or at least 120 minutes, or at least 150

minutes, By #sskt1B0 thireresnisrtian @4t rstrhinuts S 6 kearb ase2rohithlaess S -rtfiataspects of
the inventigg, 4bs Gme of exRoRMrete theispensciic endenycienss dha cREeMIation afiths:
non-specific endonuclease (;amd the volume q)f non-specific endonuclease containing buffer can be
adjusted Jorosddrestd MmiphiobaHe2s5ERe needed to cleave DNA contaminates the concentration
of nen-specifiqgngnnuglAse MEYIRRRANRAERE: IREE waielY VO MiBHNAG A6 Aoy DL RENRN-specific
endonuclease utilized the time of exposure may be increased. In a specific embodiment, the

non-spedfikadirasausisaseiatadAvgnadee disating ARt aTds - ghesifioendsiidease the

treated filtgped (yastdanvstds ilerad A0 tetipBRe B desidiierdigeptedib Bihvddraniaminates and
remaininz%gost cell debris. [0180]In certain embodiments the Benzonase treated clarified viral harvest

is stabiliZ8eB) adeA B s ERion SRER UG P, aHis e didée qrd) et alrose phisgshate
glutamatg(&P&z)bufer shneee hutigyssmay furihgioeanialn R SaicitGhAD ORUEHBHERAIGIER; O

potassium chloride. In_one embodiment the, TS buffer contains about 2.5mM to about 25 75mM, pH

7.2fisCT AR ABO AL 56m I foPaBiHA=RRRAER <BeIRY plermrdelnnBdimd e, e Bbilization
buffer coptgingialmiviaH &l TisHoan e hmMisHer 030 | dhes T Riddersraaniprthgseemiain, alone
or in combination, NaC1, KC1, K_H2PO4 or K2HPO4. In one embodiment the concentration of NaC1
or KC1 iS4BRHIES5#8 %0 about 175mM. In a specific embodiment the stabilization buffer contains
5mM, pH 7.2 TrisCl, 175mM sucrose 30 and 150mM NaC1 or 150mM Kel. In another specific
embodiment, the stabilization buffer contains 36mNpH 7.2 TrisCl, 214mM sucrose and 150mM NaC1
or Kel. In one embodiment the KH2PO4 or K2HP Zgis present at about 10mM to about 2.5mM. In a
specific embodiment the stabilization buffer contains 5mM, pH 7.2 TrisCl, 175mM sucrose, 150mM 60
WO 2010/036760PCT/US2009/058157 Nan and 5mM KH2PO4. In another embodiment, the
stabilization buffer is SPG, wherein the buffer contains 218mM sucrose, 3.8mM K1-12P04, 7.2mM

K2HPO4 and 5mM Sodium Glutamate. One of skill in the art will recognize that the concentrations of
tha ctahilizatinn hiiffare ~ran ha altarad deanandina an the virnie the viral hanact and niirificatinn



15 [0182] In certain embodiments, the clarified virus is first concentrated by UF and then the buffer is
exchanged by DE. It is contemplated that the exchange buffer may be the same or different from that
present in tYEQAHOPIATESt. In addition, the exchange buffer may be the sarRe TP ANEVEHHTOM the final
formulation buffer depending on additional buffer exchange steps. In one embodiment, the exchange

buffer is an SRYTEBPr A sUerRERCHRAIS RUFREAL gvegé%ﬂ%etaah@bbrga@ spesiticambrdimantihe

exchange buffer comprises about 7-25% w/v sucrose, thus proyidlné; a low to high range of sucrose of

about 108h iR b & CSBTMAMEALME Y BB AHdRE THReeRA Bt 2 opirdBeaaceddrkC at a
concentragianing aheut oo akow dRem : i ansteneabedimrnitha exshmRashhibier comprises

TrisC1 at a concentration of about 2.5mM to about 10mM. In yet another embodiment, the exchange

25buffer EOMPHEEARS AL A BIsEt A SoFCE AR nE B CatrRie T B EBEER PORIH W Wout 50mM. In

one smbggdimgninghsiiRxshapes sl feampiises PetassidaRiarPhat e i ceneaifeiiancof about
50m1M to about 150mM. Examples of specific exchange buffers include, but are not limited to, 5mM

TrisCl; 72895 USRI ARG 1 SBIANPRELHC SHIRRISE L Y BB S skt iteads, addebituy
sucrose, tha Qb albkvekicdband A PPRNG 36bROIAH Wk PSR BaifeénZBUWAs s bEROMM

KC1l.Ina s§ecific embodiment, the exchange buffer compris%rs;? 25%wl/v sucrose, about 100mM

potassiurPPHEEPHAEBUARER AMIEPVAPTEEARY R0 BT o R SRshaP Wl BHibabAHem? the
exchangehtfier samgisasodbiOwphsuscibear OBbERMM Teiskid ansbanaitl ImMiNaOH 7.2. The
exchange buffer WO 2010/03676QPCT/US2009/058157 components can be modified depending on
the\ﬂrus%?&tthseégﬂ? i tSHCEO RS Y SR AT ORes ﬁg]f*cyo?rtﬁ@eemh%wrabw@fép and the
final filtragiopsieRed &1 83 dntCestainngrapadipantzdthetbiahilized Mahhapist s du thrligenied by
chromatogghrﬁeloahy aﬁ described supra. In some embodiments, ion exchange chromatography is 5used
(e.g., ani Igafﬁ f). In a specific embodiment, following volume reduction by UF and buffer
exchange by digfilaptian afsheteatediaienifiet\iralbianesitihe wsdsuis fwsheopukfiedimtion
ion-exchange chromatography. This chromatography step, or polishing step, is performed in.one
ombocm e GG WO ARGt I A BB PR A A S PPk is
derivatizeite pHRBHCE or tiGRnghite exgliidisgdheibirdingaahtweitQribsdpatic)esctisodliibwing the
virus to pass by the .surface. This concept could also be lied to other surfaces such that the buffer
et B R R e A R e ek
chromatagrapihowr ocess is fteriof addititeadand Sasiuskakalslo for apeartividigembatirpeadietion of
virus for vaccine formulation, . It is.cogtemﬁ]l ted that the chromatography can be performed in a batch
process Bﬁﬂfgﬁ%ﬁ WeBSHIME %M UM process. In certain embodiments, the conditioned viral
load is purified®106pIumra chirdiraiodaipignt, MIDC84de Follawndniguesdar shermhidroatagdaphystep, if
erfarmed, ar the buffer exchange, th entrated viral harvest is subjected to a sterjlization step. In
o i T BN S Y s M I i e i
20terminatilbar élicatpemisdd haitroughcdt depaiding snehelpyanedaleiced. dooesiza@aniccometers or

less. In a specific e iment the filter is a dual 3/0.8 gicrometer. membrane. In anothey specific
emodin TR SRt TP B S bt d AIAF 6 DS S0 i crometers.
101851 livevapenificrenmfaa@digeds; tea3sthOdaffputiiyipg despinatdiyasyncitiahteirias 25from

virus-infected.cells ¢ rises the following.steps: a. clarifying a viral harvest c rising, i. filtering the
Vel ety AL Ry T Mo e oo AL P R ACAGH oS R h & sore ize of
bet@ken lakotitah® iMiCiamefdesstthabh 30t & noicodheetehanI0it. @reativly dhetviraB hafvést thith a
non-specific endonuclease; iii. filtering the viral haryest by DEF through at Jeast ope clarification filter
naving A OSS  Eaee st R R B s SRS
2010/036Z6OPETiHI S2BNSB T 6, stallifizingrtBa°daniied Viraion dinegsd it suofosecptrosphate or
Tns buffer with salt (NaCl qr KO): c,.concentrating the stabilized viral haryest ? gntial l?w
fitation LTLE) A B HSG BU o By e G 3r Len S b LR cige with
the molepubduviaiglof cut off MWKEIA) between 500 kDa -0. pm ; d. filtering the concentrated viral
harygst by DFE qu ugcr at least one clarificati E’El?r ving a pore, size of between about O

ik meters gt G SRS BT e B e R B R S B Do e
virus-infettietheetdisoand hasrectinalsvaldbiofectivitietiie pbisatisagt SugdogrsHeidtambless $#6dI861 In
another sgecifif.smbodiment e, purifisation metnod.comarises &.sicp o6 pHifGation oy
cation-exchange ¢ romatograp y oﬂowmg Boncentratmg of the viral harvest and buffer exchange. 15
6.6 Vaccinm@osposiipnsienth ivgihodssflustoxy[@h8MhOimehntion flotherteclatesdoitorades (e.g.,
influenza or RSV) which are obtainable by a methoé% 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.,
20treated with detergents of formaldehyde). Optionally, a defined viral component (e.g., protein) may
be isolated from the viruses by methods know to the person skilled in the art, and used in the

preparation of a vaccine. Methods for the generation and formulation of inactive/disintegrated virus
narticlac far vvarcrcina comnncitinne ara wall known in the art and bhave bheaan nitilized far oviar A0 vvaarce



256.6.1 Influenza Virus Vaccine 101881 The formulation of intact virus particles (e.g., live
attenuated viruses) may include buffers, amino acid excipients (e.g., glutamate, arginine), protein
hydrolysate WOV 18dIBdeh, gelatin), chclating agents (e.g., EDTA) and pre FAIRAY8BIt&Ts useful
for such a formulation may contain 200 mM sucrose and a phosphate or histidine buffer of pH 7.0-7.4.
30In certgjiy gmkp@inIRAtsItkmémudatintneiitaghpis Rt ciReanYarise AR BGIH syeipients
such as glutamate and arginine. In certain other embodiments, the formulation of intact virus particles

comprise® &RiiiZatforPpRASTRORRON Stés'e s s ddtiagfehr B ol ahpuigC to about 38°C.

2010/03GA608pEctfld SAHIUARBLIR & Mp LIGHI S RISk AVIRAERIGEK)Y dBrSHHBE: sBvoodiments, the
formulation of intact virus particles can comprise live viruses that arc stable in liquid form for a period

of time sERRUEAT (o-alfbRNSEhgd s it Hei@itelion rals LafaaimaitetdihRrteraahm8iceyerated
at 2-58C, Bm. A& afed el nllpNZaaseiration SeasoRd et thaisal b ipnamholt

5September through March in the northern hemisphere). Thus, the virugs/vaccine compositions are

desired tS LRI BR8Pt R9<9 aheirtotR iR R e et there PRt shartHedtBrageberiod. In

other empesiteesisciscihigingns/yaceiaBR disrshalle iNiniieifermtat karvaberitaia to about 8C,
e.g., refrigerator temperature. For example, methods and compositions for form#\(l?atiri%a refrigerator

stable att@AMIESht RSty SSRhaHE IR 9 abonbllm T PSR Roub e A 98t WO PEbe/041819:
also see RGthdiibtigation Ye1d0RE/PLAR0Rs well Q1894 s, 4n CeHatyrmbedinestts, the invention

provides a refrigerator. stable vaccine formulatjon comprising one or more of the following (within 10%
varidlion GPEREEF m%@aﬁnwﬁém YYRE it |3ﬁgﬁg??i@s<§§§wrm?éf; FRYEGBFatin; 5-10%
sucrose ip(ppbanatlytita phiespaatehatian:Ocol i eholutbsnimagcidifmenbsodigm, monohydrate);
10- 150 mM p ium phosphate and.80-150 mM histidine. __ [0190] In one specific embodiment,
the vaccine fo 2&&’&%}?@%&&@8@%%&&8?1@ %ﬂ%\ﬂéﬁﬁ?&ﬁ%@%&ﬂ%ﬁ&ﬁe or more
componesiiwdca%banginine: gRoEain pda¥ic sussosen@ptinnalydntadphasphaigibuwéier); and 100

mM histidine. In another specific 20embodiment, the vaccine formulation comprises one or more of the
following T IBORVAAGHEE o5 B LG 0 AL O DS GAASTIR b Lot
monshydratdiring ¥hasginirep e geldtia, iand [HH0%e ¢ beresecivaiphspihatetiyiffeyired k1] In
certain other embodiments, the invention. provides g refrigeratgr stahle vaccine formylation comprising
e or e SPHESATOTRGAN YR FIEISE OG-S0 G40 AR WEH G QATE drgiine
monohydkoehalatitecd - 200 syt ultarsiatacith conessdilsmaeatidieab d0b40. THe wivingelBin
hydrolysate, porcine Type A (ot other sources such as pisci r avign) 0.5-29 , ium
hosphatS AL VR A DSTAATLRE BhOQ MR MR Gatelc OEC i Do N HE Sbecific
embodimesiCthy ¥aacsdedormulation comprises one or more of 30 the following: sucrose: 6.84%
weight/volume ; inine monohydrochloride 1.21% w/y; glutamic aci onosodiu

motinyarate b ST A ST BB R ol BBty St L% BOESOR Rebsiurn
phosphate)ditoasiont. 33%:; and ypetdssiumbplospinateaind olf astAMDISRocsived ao at et sféctic

embodiment, the vaccine formulation prises 64 2010/036760PCT/US2009/058157 all of the
folowing GLETECE! ELBHb BTN, AR RO e HTEHAS SRR oRtamic acid,
monosodidnshoaid hytdade BDO# Ubaiy 3 flatin duyretiolyaatiod poeainefieyipétiAl OOathsrsol00es) 1%

w/v; potassiu ;ﬁ@s hate dijbasic, 1.13%; and potassi hosphate monobasic 0.48%.w/v. 5101931
1 ot GBI AT e CHEB B TR LR S G ine ToMASE: (bl 1006

varizition mhon&rdmdie Cdnponantiisut fisexarBaly esghtdrofne (whetargenibediments,

monohydrochloride 1.21% wiv; glutamic acid, monosgdium monohydrate 0.094% wj/v; gelafi

ol soll, G e s e R ey ey TR R S e ety R e

potassiufighogp hateamonodrhsiddds4880 whoul driother. 10spHaflceomitadiments thevatame

formulati rises.all of the following (withjn 10% yariation of one or more compongnt): sucrose:

0 345% WOV IR (] R Hromo e R R e A reine Tye

A (or otheatsourcas it wyihe supphod b gatiments, dalonlatatidnenafe, mbffer gases aspdt@ssium

phq@ghatea%]é{?rtﬁ?l-bgo-? 2)), In another specific embodiment, vaccine formulations comprise all of
folf(I)lwmg I(1W| hin 8%1 ariation of one or more component): sucrose: 6.84% weight/volume (w/v);

arginine monoidi¥ichlbinideoht2dofwivrgiaiaaiaranid, lamate sotiemmatomonanate &694Yomelly; gelatin

hydrolysate, porgine ;Type A (ar.other so rces)6§°/ w/v: potassium phosphate.dibasic 1.13%; and
potasany S B R S Al S B A b Voo
formulation comprises all of 20 the following (within 30% variation of one or more component):
sucrose: 6.84% weight/volume (w/v); arginine mon rydrochloridc 1.21% wiv; 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 2540%
variation of one or more component): sucrose: 6.84% weight/volume (w/v); arginine

monohydrochloridc 1.21% w/v; glutamic acid, monosodium monohydratc 0.094% w/v; gelatin
hvidralvveate nAarcina Tyvna A (ar nthar ecnarirecac) 104 w7 notaceinim nhnenhate dihacie 1 1204 and



30 following (within 1% variation of one or more component): sucrose: 6.84% weight/volume (w/v);
arginine monohydrochloride 1.21% wi/v; glutamic acid, monosodium monohydrate 0.094% w/v; gelatin
hydrolysate W PEHEI476R A (or other sources) 1% w/v; potassium phosphdt€ HbeAB38%; and
potassium phosphate monobasic 0.48% w/v. In another 65 WO 2010/036760PCT/US2009/058157
specific ggRAdimenbiRe-YarcRg RInHIARCRRATERTBEHE D tolQwings(uitha: 36 variation of one
or more component): sucrose: 6.84% weight/volume (w/v). argininc monohydrochloride 1.21% w,/v;
glutamic St OGRS HYBISRIGBEE wiv; gelatin hydrolysate, porcine Type A (or other
sources) 1%,wW/y, i basi 3% otassium phosphate monobasic 0.48%
wiv. in a glgé%ificyzl g%ﬁg%&ﬂ#gﬁ?%%%]ﬁ%ﬂéb %%ﬁﬁljgt%ﬁ%g@%%)ntain, e.g., potassium phosphate (e.g.,
at least 50 mMpo1 @t lgast diQimMntboditeast 200 ardcdtuat dangb2b0 fRovidas Albaifer-or
alterpatively, histiéjine %\/ed ., af least 50 mM, qr at least 100 mM, cg at least 200 mM, or at least 250
mM)? 108X Bitongt ,%ﬁf&%ﬁﬂ%ﬁﬁﬂ?aora%&w@r&e&@é WHBHB 65 R LS figuid feed is
spray atovidzeceinientind ¢ topiaisdunder-s Blieaippimisitbe atrhl 4as] Maybenitibzed to/extend storage
time of a vaccine formulation. The evaporation of the fine droplets results in dry powders composed of

the dissofvRlSHRIEPIesEnHY {straid ipBlirblticr NBuBH dabed L8 Ay s imcesurrdal) Avirus or

viral comgpueiieedo heasministere thRiap Gt el dfo thad] IPRKORHake GRFHgH av@xgipient to
stimulate an immune response specific for one or more strains of virus. Typically, the carrier or

excipienti2ApAelh Rt dteairsede plnE R ite b AEREHTSHELL 6H Lo Wit Qe R s GBoLS saline

solytion, qyeetisshifesedisaling SRILBIONSr Qa4 WS ARV OS B Foldtinp Sc RS HROUSBYgaVahsplutions,
ethanol or combinations_thereof The preparation of such solutions jnsuring sterility, pH, isotonicity, and

stability i€ rRsRAhEBr R IO B AT EBls Wethb B ifiARS A RedHRr Ay LN BrBicipient is
selected gelmisuitize jetgimandyothen ohgerinabie elfets. aRstieosappibeiparisulat nadte of

administratjon, c.g., subcutaneous, intramuscular, intrangsal, etc.  [0198] Optionally, the formulation
for prophgﬁﬁé{r@%mﬁuﬁ%ﬁ%ﬁ ﬁﬁf@%ﬂw@s‘;‘%&mé(ﬁﬁe{ﬁ%%Bfﬁraré&éaﬁifg@@ A& SFifore

adjuvantadomgahaneiing theimiidortespRisecoid b dniienzaantigensbditable adjiiheanis include:
saponin, miperal gels such as aluminum hydrgxide, surface active substances_such as lysolccithin,
plurohic &@&ﬁg@ﬁcﬁ%ﬁmﬁ@g@dﬂa@&@imer/o%?&fms%Hfmgw%ﬁﬁa%mPé%mg e2éudtin (BCG),
CorynehaetByiissupatittine, wiskiheppysihatic Bdjuvaots QS4RkRNE MRS 9e {1991 spprsiialiyteipccine
formulatigns are isr}]inistere ina u%y sufficient to 30 stimté}ate n immune response specific for
one or mirb LhraH L B AM IR IS e RSP e &t B ISES HEAS Frotective

immune tespansdlsResagesandimelbodsdoseiieiting as pketetibehennuni @aphsse against one or
more viral strain are known to thase, of skill in the art. For ex le, inactiyated influenza viruses are
Drovided T P B SR NS TSRO B BOBE RIS ST J 8 1 A6 WS OE
infexgiousysiose)niagcl P autf Qe 114/08spic(Mtaquefos mipgroritahesr dase adstiisiereculilternatively,
about 10-50 jig, e.g., about 15 ti IS administered without an adjuvant, with smajler doses being
minis S AR SRRITH Ay, S B S AN SR NATA e Ao BELSTOHC o 0
age, physidaleondiidas hadyuneighinpsex,, didti-tolecofiadministtation befdrothdiscliniaattaciors. The
prophylacticﬁvac ine formulation is sg/st%m}iila%.administered, e.g., by subcutaneous or intramuscular
injection 0 6 §HeBaRs 4R é’)lﬁ'i]ﬁéig, BB NGB ess injection device. Alternatively, the vaccine
formulation is f@ihbiistareditiplaciasallynfeittien PyIOM0pisatléy detpariiclie acbosptigeddbdertiban about 10
micyons), or spray into the er respiratory tract. While any of the ve.routes of 10delivery results
2o T ML FL SR o A PPt SR o R LGS penert of
eliciting ri)d@datoiapproxiip et the sitapgiexiina el yHe000iH en2a O isusodrtintrdaasat adiiginistration,

attenuated live virus vaccines are ofte eferred , an attenuated, (ﬁﬁ dapted and/qr
e e R e e RS T DB U e T cectve
immune egpafnse apittoaisiagle A TS prafed edjrfbadtiticritd dosaiyed baribe Admmistered, by the
same or different route chieve the desir ophylactic effect..Jhese methods c adapted for
Bl b e i e IN G g e R e
paratnyxepinuses{iahiddig RS taumf@nt nhe tegd ed eswibndshardnp drajrfl neotte), smhbdowimtses and

flavovinises, 6,62, RV ¥acKines-2010200hn g smbodiment, fresenied herein, sre metbads of
eliciting an mmuke responsé’ ma’s Jec}i, com?ﬂns‘mg’a&’%lms erlngtd a sualgﬁacf(m need thereof an
effective esudtnindécritionealln degenibeddrpasitivrdpscrilechtberdin dia b ddMpoiS espeolva @ttgnuated

purified s (¢ 0 B3Vl 4D 5758 ARPRAITG TS R ASRUAIRY virus is a chimerc virus.
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[0201] In a specific embodiment, presented herein are methods of eliciting an 25immune response in a
mammal (e.g., a human), comprising administering to a mammal in need thereof an effective amount
of an immurYb8eAie/Bfosition described herein that comprises an attenuZXEeH 21458 Particular
embodiment, the attenuated RSV is rA2cp248/404/1030ASH. 102021 The immunogenic compositions

described herqiy ingt compsisslive 3R attepbRieERY HigdpdHSURAYDR IR theisgbreimunization of
a subject. In one embodiment, presented herein arc methods of preventing a viral infection, comprising

administéffasns S8R QoA ERBY(%E alHBRRSI NG RrRRdYians cfpidiiteh¥ie BRI A rein that
comprisegpr\WeO A 10{03RIKARE FLSRARYNRBADY adiver atteRurted miHiiaehpirus/diB.ca@lyaccine. In

some embadiments, a live attenuated virus is a chimeric virus. [0203] In a %%ecific embodiment,

presentelFrRSFESVAIR HittodusB s FARSRAAY 4034 05 ASHidnaE dmbisab ddmihaMdsRaME a mammal

(e.g.5 a himammMeiesiMe @MPUChAL Y TRMUppReiste@WRRSItiaN destitaetniengin that comprises
a live attenuated purified RSV, i.e., a vaccine. In a particular embodiment, a live attenuated RSV is
rA2cp248P48bHshy AgRoximatelyod G A ipRRTOn YRRl LBSmMESigibESrsdersdreiriaiscomprise

alive attemg%gg@'u ﬂti@&N&%ﬁ@%ﬁ%@fﬁgm{}@qmi9&@&&@&@@&9&@5@&@_@@1@%bodime_nt,
presented herein arc methods of inhibiting a viral infection, comglg’lsmg administering to a subject in

need thetegibatcdfrcanararBail v dn IhARROsER themisusitondessbdd el that comprises a
live atteniatepprkifie RYKSn 8 &NAE BRRAdINEALS, %ﬁ#ﬁ%@@gig%ﬁ,%m§ virus. In a

specific embodiment, presented herein arc methods for inhibiting a RSV infection, comprising
adrifhist@RREP TR AR ARY S PP XARSH D) %ﬁ%ﬁ@@ﬁ%@ﬁmnklo@%iﬁfrﬁmreggﬁ?éq[fzs&?posmon
describediRredttRaheQmR iRamA dyeAttenuated purified RSV. In a particular embodiment, the
attenuated RSV is rA2cp248/404/1030ASH. 0205] The immunogenic compositions described
herein that corfPrlSé aGicé-atteridtd yiperifactidicciiadese ibed d et indarariEsdrie #8¥ponse that

results intg2QraaHEHIRSLViEHSWEaD IBnd SERIEEENIMheRR emRedilanbJaiaremethesgin are methods of
reducing the titer of a virus in a subject, comprisin administering an immuno}:_:‘]?enic composition

describedYies&itsdrdr toinfsatssses haraaehirshd defialedafedvradlasksoMeBibodiment, the

atteryuateghyisdsns himerielasaopaciiciaodinanic N esepied Lerin ate-matheds fRéreducing
RSV titer, comprising administering to a mammal (e.g., a human) an 25effective amount of an

immunogdRTESHESIHE GELBFHESPHteilh th R HoTrRbadimont 4he SeLrtaeeird N Farticular
embodimgricitecatte arpéathreMr st fvdsP2et (404 108 R o lum{Q306t HosRMeIemGadiments, an

effective amount of an immunogenic composition described herein reduces viral titer bg approximately

2 fold, prefehatiineip xRNSR SHHTorECeisprestiiritery Hey ¢d g arhidee tigsug fnately 20

fold or moggstn, abieatrdfehslanges bihtheMbugiredaty/eno N -dareaied sHjerfdRCRENg
embodiments, an effective amount of an immunogenic compositions described herein reduces the

duration ArciBlWsdefi) blitshe! ol HbrelsWirntbmms YL He Mttty ¥ selsstbethted virus infection in

subjects swipsaguentlytifesiegvatintbe vellsaasaciated Miuds ceiative 0 sniieated stdhjecioin some 68
embodiments, an effective amount of an immunogenic composition described. herein increases
survival AF%&B?&?SC&TIB&%&%% mfgﬁafd%‘maﬁaeﬁ{m SIS TRFAE YTt RSERY S0fER. 102071
The immunR@eAith B0 PRsiorE]deseribetbhnateinsthateomprizsIive batisqaderupiRiigdivirus may
be administered tp a naye subject, i.e., a subject that has not been and.is not currently infected with
the virus GRiB&ReRE Wﬁe{%r\’écélfﬂﬁgﬂﬁ‘ﬁ%ﬁi’a,”éﬁg BIGEFHE RBBE SRR A LA HAPY B
compriseisnadhacdienotieildelitasgeciated virus may be administered to a nave subject that is at risk
of developing a viral infection. In a specific embodiment, an immunogenic composition described
herein thavcBregustien of ¥ aingdvatasidlR SV may be administered to a nalve subject that is at risk

of developing in'tﬁction. In a particular embodiment, the attenuated RSV is . .

2ot AOu P TR e PP R TSRS SR g SR B CEo AP L EHES Bmprise a
live attencdted]putifiedviinshiag b eddninstesacdimargithjedviib@khad [pyavaissty togeaduntected with a
different group, subgroup or strain of the virus of interest. In one embodiment, an 15immunogenic
Compositan oS Eie e B enl nvchon FREIASE b Baf e e TR Al o BINERETE
grod, subgraspoohigtraitethan theuvined iohinteckst gnok isuap leskeofatieveloping an infection with the

virus of interejl011 gO%IQgLIn o%e Hrplg&iggent ar%mmun l%eniciltl:{.?lrlrédg%15i&ilonsgsecsgribltf',lcsﬂersn?\zéein that
comprises a live at nuated RSV e.g., rA2cp 3%9 27103 gﬁ) IS daministersd 2 Nbman 20 infant or

human infalidbmmsprpsnaturely. In another embodiment, an immunogenic composition described
herein that comprises a live attenuated RSV (e.g., rA2cp248/404/1030ASH) is administered to a
human with cystic fibrosis, bronchopulmonary dys%l]gsia, congenital heard disease, congenital
immunodeficiency or acquired immunodeficiency. I another embodiment, an immunogenic
composition described herein 25that comprises a live attenuated RSV (e.g., rA2cp248/404/1030ASH)
is administered to a



human toddler. In another embodiment, an immunogenic composition described herein that comprises
a live attenuated RSV (e.g., rA2cp248/404/1030ASH) is administered to a human child. In another
embodimenV 2R IMMNeRenic composition described herein that comprise$@lVE2484M$AiEd RSV
(e.g., rA2cp248/404/1030ASH) is administered to a human child in 30school.  [0210] In a specific
embodiment, anypsinRaatic SANPRHNNHeseiRadrhereitifahampiisesiR hyanlianaéd RSV
(e.g., rA2cp248/404/1030ASH) is administered to a human 1 to 24 months of age. In another
embodiment, an imPRHIGEHIEIED AHTIN SRS WGP TEEPE PAIB 2663195857 herein
that comprises a livgr atienuateBoR SN desd, JAPERRASHAD{130eHb v AdMiBIstRiad/I® @ human 1 to

3 months of age. In another emhodiment, an immunogenic composition described herein that

comprises a live atfSHRSABR SURehyCcerabas 48/404H 63K Sk lisaadlimietérd L1 IR 6 to 24

monghs of age. 51024 2dh ARENE S Redimaeoboan immunogenic composition described herein that
comprises a live attenuated RSV (ﬁg rAWMOMlO?;OASH is administered a human who has
o]

had a bone marfBWHEHEMARE MHPYATHIE? ifREREHR ShHERTE RO RSB SR aREMSed herein
that comprises a livgatigauated ReY ad., rA2cp248/404/1030ASH) is administered to an elderly
human. In another emhodjment, an 10immunogenic composition described herejn that comprises a
live attenuated KVPRIRRIPRIRD IHSTASHPIDAHE ) foisterLP S P ALIARR IR EPAERNG home. In
another embodimengpAeatibmeNegantueaapesition described herein that comprises a live attenuated
RSV (e.g., rA2cp248/404/1030ASH) is administered to a human that lives in a group home (i.e., a
hor® in which!$518F mSYAU AR Lt &dts &B&W@[@?&Cﬁ@%ﬂb@aﬁﬁtﬁ?ﬂfﬁ et AR #HGnogenic
CoOMPOsItiRREDNPRSIO s écliver abiempaieSeR W s(6.9 and\8 ) 248 404(IRINA S hist Adintistgred to a
human sub'e%tIgn aﬂs}_ﬁecifig embodiment, tpegh\aman Sl#)ject is a I?uman infant, a human infant born
prematureiS S KONt daTdPr BB GSE RS0 Remag R ATk W&Féﬁ%%ﬂﬂ?é%@ﬂ“&ﬁ?ﬁ 1 the
northern fheroésipheret 4n anaibiecennhosiraant @iy oedenistanpasition eamprdinga 20live
attenuated RSV %? rA20p248/404/1030ASHz§is admi 'stere(z to a human suﬁjﬁ t(ina es#aecific
embodim@RtSTre FRIHSHYUG SUHES AR PRASOOAERREASHIShPBO M Pr¥m Br'afitiman
toddfer) dhingthalRbY \easont typicadyivayeobes dreugieAnnitisctiainoniarcohbadspoere. In

oo AP IR CPFIE BI etor o A A AR SR PGCSE LRRR brmbociment.the human
subject i34l kdimgradifarty & Husibs 3faBl DSSR H@GRBYEYh BizgaUTHB doBAleniiatale 486, during the

RSV se , typicall emher.through April in the northern hemisphere. 102131 In certain

o boa R R o B G s e R e e B 2 G AU i
virus doeis Baheesgiisiocasihpiats ipcdidetitor tramplyjtabSOitifekited ibWitbsutis i Dlawer viral titer
compared to an untreated subjec en challenged wi virys. In,certain.emhodiments,
et L P S oSS S B A R temuate
purified witissloesilis G R Aypialatdfdd T2Plaleht 4 fbldk; £5ibalN B . fovd) 05/662R22bataldyB0 fold or greater

reduction,i iter of the vitus 70 2 6 T 0] 157 relative tg an yntreated
subject M@cfﬁ%ee%%l %ﬁ‘t&%t%ru O.ﬁ‘n%iéggri\)gg}még@mégis% gﬁn%ﬁ%%ﬁé%%gaﬁ ’Wm 4dgenic
compositioRcddScri ek hSBENLIZ40 SR T8 2E, &71iy 8, 8N A9 eddviris 65Tt th A I Watcpteferably a
25%, 50%, 75% or ter redyction | i f irus,relati tr ject when
challengégc}3 Rt Oél%/gi{?ﬁg.c Eoﬁléﬁ ssg#@éagé%%é(gnzwg#ﬁﬂ%ﬁ%@ﬁé‘gzu argggggﬁ&r%ﬁed to, less
seVEfe sPORONES i 206 022 iBon 2 60ned 330t a00=t 0T 42003 2018035 Sdndaad @002 b6Hiri/the length

of a viral fpfection, 102141, The Immuncgenic campasifons deseribed herein comprisingaa ve
attenuated chimeric cell-asSociated virus may be used to induce an immune response to a non-viral
10antigerccbhebinamuinfigemie conspositiarh desceib@dsharbatconloguisiggna fivedatieseafed chimeric

cell-associated, vir, b d to deliver a.protein, pel | ide of inferest to a subject to
prevent aeﬁig%P]ter’egfs an:}ja%%%i}é{}%iffﬁgﬁ asr'lgo rﬁgzﬁ%%s@%a%gggﬁgsﬁe@%%g[ﬁlccee%a&mmunogenic
compositenmsdyentsa teene ddwod utatiedsp ges dribe dohd pelm ttide sed e tohep dratuacs erst fimeited to,
intr§8asaa{h# ingrt'?etﬁ%gpe%allﬂf%gl Zgullrpu%re]éary, intradermal, intraperitoneal, and parenteral (e.g.,
intramuscular, intravenous, ang su\bcutaheous) routes. In some embodiments, an immunogenic
composition d¢éttihedlherspediiat aobudiisestatlivendttenzrated s=lkesporiated torupdskadministered via
the naturg| route of infection of the virus. speciic embodim an immunogenic co sition
comprisitb A D Al S A S ATl T R Ses R
10216] Intifhenmi z2aticaspreceddres d ttreagreduntraff tetaritn giuh 64 Beidrdo enddsitiog 07 bE mske dfand the
immunization schedule will be determined by a phésgician skilled in the art and will be administered by
reference to the immune response and antibody titefs of the subject. In a specific embodiment, a
human infant, human infant born prematurely or a 25human toddler is administered a dose of an
immunogenic composition comprising a live attenuated RSV (e.g., rA2cp248/404/1030ASH), wherein
the dose of the immunogenic composition comprises approximately 125 to 200 FFU of the attenuated

RSV. In another embodiment, a human infant, human infant born prematurely or a human toddler is
adminictarad a dAncea nf Aan iIMMiinonanic comnacitinn comnricinA A Ilivie attaniinted RT\/  (a A 220



administered to a human infant, a human infant born prematurely or a human toddler. In some
embodiments, the doses of the immunogenic composition are administered | to 6 5months apart or 2
to 12 monthy QBaH/9#6268pecific embodiment, 3 doses of an immunogenic E&HYEIMENBdPprising
approximately 125 to 200 FFU of a live attenuated RSV (e.g., rA2cp248/404/1030ASH) are

administekaeat® sbkgan fenic fehimandniank han premeabmalcai 8 RUBIT loddiareZsmpnihs apart.
For example, a first dose of an immunogenic composition comprising 150 FFU of a live attenuated

RSV (e.git IobE 2481 A1 538 A3k 9T pblaasiricterE @ tatdrriiat R #Hdreit hBnth old, a second
dose of the imyyr9pemceAnMPeilod sRMPIISNYBRKFRUoh the dNRRleNMAEHRAVELY- In
rA2cp248/404/1030ASH) is administered to the human infant at approximately 2 months old, and a
third dosé StHEsAmkptigshidoMpSdtisrs sy ensers ¥h&irdinaidatted RSV (e.g.,
rA2cH248/4diN39 ASkhis e ounistaied dhthe frdmanifaatat Approxinately A mentiseled 156.7

Viruses _ [0218] A cell-associated virus may be a naturally occurring virus, a mutagenized virus (e.g.,
a virus miitReA%y BYDSSBTEHELN firkafaftsvomutityehd Ahaid BZ&-&&%)‘P%@%@O redrit (for

cell-assogFyePTiAITOIVIHY FENO1eY eenarogsdlidndied asganetiealby enaBieRRdovirkisd Non-limiting
examples of cell-associated RNA viruse!s’l include respiratory 20 syncytial virus (RSV), measles virus,

influenzaWRHQIRURTEH FERRTP T e AdRraebeclls tr s e desri it riese SSersean &Ad SINT,

and reoviihi$ess ytennative ¥ cdiinas s ehRtRIDAKI S i3l A ViFbiS SUEN RS A dIRNRES A4IdS.
Non-limiting exangples of cell-associated DNA viruses include herpes virus, EBV, CMV and Marck's
8 ad’é[g&

diséfse WEods darprRldrH s Rer iR UMD Ges arsikae BBy tassrdeE s3I bed herein
and/or cantgimaetii 8o 254190 geaist kanIpesitiencdasiitis dingr el) fisrreplisplior-agtagtive, In a
specific embodiment, one or mare functions essentjal for viral genome re I'catici?zl gnd/or synthesis arc

defective™ O PepifcAtiomRHaréctvE CEMUELat8Y GRUSSTH RIS 2 MbSERTRN ShEDHmore
functionssegae (irl Sectassesihly mldviral particles are defective in the replication-defective

cell-associated vjrus. In another.embpdiment, one re functions essentjal for. 30viral genome
Cecation or SIS R AL e MRS, ol e A AR
celltgssogiatetrvidise {2 Lkraspecitiaembedioiniike C ek assooiatad s pititieddiyoprocess
described hereipn and/or, contained in an immun nic compositio glg]s%ibed he({ein is an WO
20101036 H50BLTIS S8 bR PSR SLAhIEST R AL BHFLEAIGY BB HFCRECHE R HEUSciated
virus is atlivedttenvatgdivicdsdAin@ienuatigdcdlsagbodiaied (s Seayohaves .2 ghd & Raudad ability to
replicate its viral gengme, a red bility to replicate in an intepded host,.a reduced ability to
oS TR b B BTt e B R Mt LB RO ui-type
Scell-assogiatesbwiiti3 xTHS atéoratinelof thestihakisabiakéDUKUsEE aanpbel ikstect Hyranemethod

knayyn to one of skill in the art,.See, e.g., U.S. application Serial No. 10/831,780, April. 23, 2004
o TR S A S T St S TR eutar
Section dd@teniitle diAdt@npatiod Girfpecofnhtiant Mikusesthiodsameserhbodimenisfdhexatigriciated

virus is pyoduced using.well-knawn mutagenesis, 10technigues, h as cold passaging the virus or
exposue POV AR A O O ) BB e UG o BT R UL Genetcaly
engineerdfD CK 1ORR i Arotifeagsddiatebovir @zaadylne aghimeric virus. In a specific embodiment, the

chimeric virus | plication-defective virys. In a particular embodiment, the chimeric virus is an
attonuated vir L B A HIE SO DA s S LA TSSO SN ABLES and
coripositmediure rei i @xeipadticutanysas Sedtfon tha. protiuotiorabodpusificabio seolnniteennadvinuses for
vaccines. Influenza viruses are made yp of an internal ribonucleoprotein core containing a segmented
single-otiARA RNA BEh BT St Wssle et BRCerlSmaB) & IR SR Binluenza
A and influerza & vinusespacin taritaindeighh skgpreapscofisisigle sfnautdadinegativeosenide RNA. The
influenza A geno eencoﬁgeseeve olypeptides. Segments 1-3 encode three polypeptides, making
Up & RN OB T AR s e D R RS e .
The remaimngipelyathdraseppoteints PBhahtdEX SVENodeditoy segrhent 2bdand. sdégmepcBiic
respectively. In.additign, segment 1 of some influenza ZE ai odes a small pratein, PRI -F2,
oromced o S S RS TS B B BT S R, e
hemagg|&fih [(HARsliiackesgly coJrdikid involwethan syt Hitaohboeininand thatsyrdorifrgeiniedtion.
Segment 5 encodes the nucleocapsid nu ratejn, (N alypeptide, the major. stryctural.component
esocat T R R e omen
7 encodesthsl Bamttthe proventedesidnatechiviprastd pacoshih dreatreorsianedtirone fitffeveAthally
spliced mRNAs. Segment 8 encodes NS1 and NS% two nonstructural proteins, which arc translated
from alternatively spliced mRNA variants. WO 2010/036760PCT/US2009/058157 102221 The
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 5biscistronic mMRNA. Segment? of influenza B also
ancrndac hwoa nrotaine: Ml and M2 Thea emallact ecanment ancradace hwwon nradiicte N<1 whircrh i



15B/Leningrad/179/86. 102241 A number of methods are useful for the generation of reassortant
viruses including egg-based methods and more recently cell culture methods See, e.g., PCT
PublicationsXQ@&EA36M4801; WO 05/062820 and US Patent Nos. 6,544,78%(3/85208%938951,75, and
U.S. Patent Application Nos. 11/455,818, 11/455,734, and 11/501,067. It is 20contemplated that the
media andimathegieQdiie divieRtion Ale wsefiladianTasHetion efisduenzanitisendoskgipg . but not
limited to, the influenza strains disclosed herein and reassortant viruses comprising genes of a master
donor vinga(@ﬁF?cQ&G-AnnArbor/6l60, ca B/AnnArbor/1/66, PRS, etc.). It is further contemplated that
that the mediajgnghmethndsnoh theukpiantien a8, wsaliwdas thepradueian abfle zandeuses.

including reassortant viruses, 25having one or mare of the following phenotypes, temperature

sensitive EoR HiBBRd O athar thathave hesoisntabrd P sip dirsr téct By HaRs a3 8<Ortdi
techpiquasmdehtsRMBle®y Codiie e onfeeethoas 19 Rptiopaly Rytdipsmil FessUenarhNidMes{See, e.g.,
PCT Publications WO 03/091401 and WO 05/062820; US Patent Nos, 6,544,785, 6,649,372,
6,951,75418 85 @ dhsALeRal BisAdier reedldalsosemmenly sfgrgdde psdhegguigplicihy
305,166,085 #ifkbor? sfaOAP MiGatigNJRIBLAliaR NRS i A00603 PBRAANGE] 6334 2 APASP037487,
20050266026, 20050186563, 20050221489, 20050032043, 20040142003, 20030035814, and

2002016947653 KERHRE A0t 988 ethiBeiarie LA rls b 98008 oned cDNAS.

Proc NatFAcaet e Wit IoreR4ech3oPabnador aioal (Fa99) V\aB8E0M0BEFENRE Tl sb8M091058157
Rescue of influenza A virus fbom recombinant DNA. J. V;JE%IOYS:9679-96,8 Hoffmann et al. (2000) A

DNAtrar SRR EH 1o R BRHANRI I Sitlte A2 LRCRIROHBRS Hidht Srethmsob fsINEHACad Sci
USA 97:610868 1Az ¢/ 0u0d483y 94irklaiipann ol Wenster K200 thnigisactiatal RN pelymerase

A B et e e A gt e
. - ,a . s | , .
i ]F-’-é s 6e|l'Re?BH HV]%/FEIFZ 007/ 16@4%?%@@@ By e%mm%ggw??dafssueimzm]%?@ gegjsé (see.
e.g., Ication . ang an uKe, C , J..VIrol., 4, . .
Respirat iti 1 ds, [

Uit A oo e et v s o g A

y

partisularyingafultorthetposkiteiion a0 PURFACTHEENET0RBY5BF Vreslindhe AoNogv digpfostiagroup or
strain of RSV, (e.g., groyp A or group B) may be purified by a process described herein and/or
containe&lﬁ‘ygﬁ }%‘?ﬂ%ﬂggbeﬁ%%%ﬁﬁé‘ 8Htogé§3}ﬁ§eta A (?‘ein. See, e.g., Sato et al., 2005, Journal of
Clinical Migtobinlopyids:iBGHe-fosaldiseyussiarpiihe groupsand sUboFBUps afRBMLIN16000e
embodiment, the RSV belongs ta group A. In another embodiment, the RSV belongs to group B.
[0226] The RSN Iffiet! 53 hYolte s daRebed MERSiHSaRAIP EshiRmEd M{an-imFRLITIRIENIE
compositiRfeHaRIISH he rainl e haratatdraliyRGRURHNAIRRY $hatkampleiaganizagd RSV (e.g., a
virus mutated by exposure to UV irradiation, mut@%ens and/or 20 passag}ingﬁ and/or a genetically
engifleeratedsty & HuH SABEHAERT #ho ¥ JehbIMantoln sReBs I 5 fnbfd a5 ABIH one or

more vira) geIESFBUEhRStaBont 6:0 NS(0I INS2niYl| (oRebleadingdrame MR 1kdd M2(ORF2), SH2,
N, P. or L genes. In some embodiments, a compjnatign of substjtutjons, deletions and/or insertions are
introduce@ﬁﬁ%%rg\@?say‘a'éﬁto s S0 SSRGS SULEMRH T8 brises one o more

missenseARyiAi AT ifone Ar 22Mare Visalge s, sUamasche ftfaiFHFNERL M | (ORF )i
M2(0RF2), SH2, N, P, or L genes. In some embodiments, the RSV genome comprises a deletion of
one or m r@%ﬁgf)gb%Qﬂon of one or more viral genes, such as the NS1, NS2, M1(ORF1), M2(ORF2),
SH25N, P, or laenes.Jdhblin gre:&mbadime M dtiewRY ﬂﬂﬂfg@@éﬁﬁ@tﬂ&@ﬂéﬁda@% SfRRECESS

described 30herein and/or contained in an immunoaenic composition described herein is replication-

defectivelFf 4 &pcBrRbBEmIEAtu iR bee sdriredion of Pre vdvsshisesherein

and/or corigingdtiBRefiapBRgenis kompestian sesribeddeleinvemitankaies. fegaon-limiting
examples of mutations that may be introduced into the RSV genome to attenuate WQ

2010/036 780 PAYL M 8foBeIE after o ntestion gt the sclippithindharaaingscs dfghE, 780, April 23,

2004 (pubdisitei acdaipotdimdRReassH- & MPpiLRLRR, Rhblifatan Mo spRR/09388R(1L) and U.S.
application Serial No. 11/389,618, filed March 24, 2006 (published on July 20, 2006 as U.S.

AppitatiGhr et o6 e DB /0 R0 BSICA e ran AR 2 I aBEC BT RS TamitiLhS, cold-
Spassaged-(SmdpulaniThe ProRRRSY, Hesaiieddpe@sdbf thitnBicatioddd derfRAiadies A8 445- 755,
which is incorporated herein by reference in its entirety), temperature-sensitive (tsa mutants (e.g., RSV
is-1, RSVPYSIONGRRIGE O AT S ASRA S NAEESn, 18.§0ccrBhnd wreht; 18B%VARSHe H421305-1404;
Crowe etspbeilid¥mbiaseing, IS 185m Mip ah & ud&i UnlolomHbedi A0t 129pdia0i agddrisngle et al.,
Vaccine 1993 11:473-478), cold-passaged lOtempgature sensitive (cpts) mutants (e.g., cpts248/404,
cpts248/255, cpts 248/955 and cpts 530/1009; see€, e.g., Kan-on et al., 1997, J Infect Dis.
176:1428-1436), and genetically engineered mutants (e.g., rA2cp248/404ASH,
rA2cp248/404/1030ASH, rANS1, rAM2-2, and r248ANS2 described in, e.g., Kan-on et al., J. of Infect.
Diseases 191: 1093-1140; Whitehead et al., 1999, J. Virol. 73: 3438-3442; and Collins et al., 2005,
Proc. Am. Thorac. Soc. 2: 166- 15173,). 102281In a specific embodiment, the RSV that may be

niirified hy 2 nrnrace Aacerihad barain anAd/Aar containad in Aan iIMMiinacanic comnncecitinn daceribhad



20including: (i) a set of 5 missense mutations in the N, F and L proteins that attenuate cold- passaged
RSV, (ii) the 248 and 1030 modifications that arc separate missense mutations in the L protein that

lower the re¥tIN&@t¢erature and confer a temperature sensitive pheno®pEBIQHSELHte the
virus; (iii) the 404 modifications that are a combination of a nucleotide substitution in the gene-start

transcriptigncsigoaltefdhp M2 GaRrcaRELARNRIENSE BIDVbaHeNH, heskPromintahtogetivergonfer
additional temperature sensitivity; and (iv) ASH which is_a deletion of the entire SH gene that confers

an atten {1 PpihofiAn Blsanttprem r i@ IBcislds ke gihina hua wiRadinghs

introduceg it theidhY DeNC00a.Jabl8rsANNqAH, SHBSHGiRmINHdYcRtirRiantlRIRSY Genome
Nucleotide Substitutions Amino Acid Substitutions* Gene Phenotype G1939A V to 1 N Att A5895C E

to A F Aft WOlSbH/03dravpieasn e HedroBaabonEpH 1o 1§e Sl FREE PRIAELF 19 #OM2 genestart Is
GI085A, 1 &Mbiaabt i de AR LI DBHIRt HbEREdT st e FolsudeladSZBGiIR 68thined from a

number of commercial sources including, for example Invitrogen (TrypLE™) and Sigma-
Aldrich (TrypZean™), as a stock solution (e.g.,1X-100X). In certain embodiments, a
recombinant protease is used at a final concentration of between about 0.01X to about 1X, or
between about 0.02X to about 0.8X or between about 0.03X to about 0.7X, or between about

10 0.04X to about 0.6X, or between about 0.05X to about 0.5X, or between about 0.06X to
about 0.4X, or between about 0.07X to about 0.3X, or between about 0.8X and about 0.2X.
In a specific embodiment, a recombinant protease is used at a final concentration of between
about 0.02X and about 0.06X. In another embodiment, the protease is a recombinant trypsin-
like protease, including but not limited to TrypLE™ (Invitrogen). In still another

15 embodiment, the protease is from Streptomyces griseus as described in U.S. Application No.
11/455,818.

[0125] After infection, the infected cell culture is cultured further to replicate the
viruses, in particular until a maximum cytopathic effect or a maximum amount of virus or
antigen can be detected. In one embodiment, after infection the cells are cultured at a

20  temperature of between 30°C and 37°C. In certain embodiments, after infection with viruses
the cells are cultured at a temperature of 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 31°C, or less than 30°C. The culturing of the infected cells at temperatures below
33°C, in particular in the temperature ranges indicated above, leads to the production of

25  higher yields of certain influenza viruses, such as, for example B strains (see, e.g., U.S.
Patent Publication 2006/0153872). Furthermore, the culturing of the infected cells at
temperatures below 35°C is contemplated for the production of temperature sensitive, cold
adapted (¢s/ca) influenza virus. It is contemplated that zs/ca viruses may also be attenuated
(att). In another embodiment, the cells are cultured at a temperature of less than 30°C, or of

30 lessthan 31°C, or of less than 32°C, or of less than 33°C, or of less than 34°C for the
production of #s/ca influenza strains. In a specific embodiment, the cells are cultured at a
temperature of 31°C, for the production of influenza virus B strains. In still another

embodiment, after infection the cells are cultured at a temperature of 31 £2 °C.
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L Ts T12040A Y to N L Is CI3147T,T13149C Hto Y L Aft *Amino acid substitutions relative to
wild-type RSV A2 10229] In some embodiments, the RSV that may be purified by a process
described h¥RiA0EHIIGI%¢ontained in an immunogenic composition describd@§ kB I&#5iheered to
5express one or more heterologous sequences (i.e., the RSV is a chimeric virus). The heterologous

sequences may Prs|NtNRdiGREH Sribolitadhg, i GndBatind of kh MR Rdrdy (MR bt PorSH2

and/or L coding sequences. Non-limiting examples of heterologous sequences that a RSV may be

engineerdduHieipiasEipttiodsoshigshtRlQyiviarhntiysnuidbasteral n8! RtieR&iyéhs (such
as those 7lgagsikge o RahingmeskawalaninlOBc HGKE, QRithipaHpAf 8 He8rd@8p fungal

antigens, and parasitic antigens), a marker or tag (e.g., a flag tag and a His tag), chimeric proteins
(e.g., a hifblith SPREY ! SPore iy Fr i iRy BB bt AinS GRROVIhE Arterls’ JBKHESides o
peptiles pasarssiINYAReshad divlagicalkRrRRBEIMSAEHYIEI(S GteFYEPKineaHUa@stirtaofeyon (IFN)-a.
IFN-f3, IEN-y, IL-2, IL-7, IL-9, IL- 15, and 1L-22). In a specific embodiment, the chimeric RSV is
attenuatetf, T BHERHAHRY- ainpesiet emprdrrRs (s subatipe of Shegllicein (SRl No.
10/831,78&rRpul Sor2H¥t prkdisihedtan dattadiiet 1n2088ms U.S. Application Publication No.
2005/0019891E and U.S. a%)lfljcation ET‘,erial No, 11/389,618, filed March 24, 2006 (published on July

20, 2006 as U ! AfplibAticeBUBRERAIBRATRE. 2 00R/BIE01 8B SOESB Yrie ¥rboRMast ’SY is
engineergddoi HRIRISWIRFUNAIE i AbPNtiGanEL ehlramtanvhua tbeppngiag {aladifferent group,
subgroup, or strain of RSV than the RSV vector, Far example and not by limitation, the RSV vector
maﬁbe FORFERITREAT &Yt S BPREEUR e RAEANSYStis SRS ACH/ A B8 HREH98S Srorh Adroup A
RSV.  6.108%31] In another embodiment, RSV is engineered to express one or more viral antigens
obtained or derjved from a virus other than RSV. Non-ljmiting examples of viral 25antigens include
antigens from HH@Rbvit Y SSTRIL ERRatRRaLs %%é?&gﬁggfow ses, after step (acglt ¢ step
2010/03f6RCIHSHAMAN8 hddhennasitiitiag (BedeiRies Simp(ex Vi b espasdsimpalex virus 2,
herpes simplex. virus 5, herpes sjmplex virus 6 tein-Barr virus, HHV6-HHV8 and cytomegalovirus),
o B SSRGS T BECRAE Has T 85 LM O BB e doposuringe,
parapoXVispHc A 0NN kS a IS8 R HRXA MdShdapn POV ] $aiRexvirus, molluscipoxvirus, and
5entomopoxviri papovaviridaepolyomavirus and papillgmayirus), paramyxoviridae (e.g.,
aramyxouru Ul S e Ao R Uk PBURUTE (5, momps
virus), preiashoesikinge {kodvcfh restnivpisr fuinaanesaapitaéayl syoetialiviiisdntiiimanthespiratory
syncytial virus angd metappeumayirus (e.g., avian pneumovirus gnd human metapneumovirus)),
e BB eSO L NS0l 8 B o T B A A areovirus,
and aptheisdisshnrbeviditasdé gilielthoratvinsingrivirisaratagamsiaCyloov (NI H)jddrdse, phythreovirus,

and,Qryzavinis), r v'r'gq%e e.g...,mammalian, type, B retroviruses, mammaljan.type C retroviruses,
i S G e o DR B0 BT AOU Tt SUER IR B e
immunodediciehey lvirnscracadrivusmat] npronodefiesnc ynvins iz ergboliiMepp 160 yisd hanaesis),
flaviviridae (e.g., 15hepatitis C virus, dengue virus, West Nile virus), hepadnaviridae (e.g., hepatitis B
virus), to&%\{/)ilrli%ggl‘@%f %\%%gq\ﬁrﬂf}g%ﬁdbis virus) and rubivirus (e.g., rubella virus)), rhabdoviridae (e.g.,
vesiculovirus, [YaS8Yirds, eghreifieravisodinnyhortiabdelihasy ands nedidorkbgd dwirad)jtanenéuiridae (e.qg.,
arenavirus, lymphocytic.chorigmeningitis virus, | virus, and |assa vir ngd.coropayiridae (e.g.,
coronai S T e S S R S B TR s o
resfis inbresgdeat oo tiiseas Enslictnasnitnitien aé dotig h8 (e sucessagglutiMmphtsEndcHdffer
metapneuglgvdr_L}s4f:}lrlltigeeQt%bﬂazr&lnfllya?[%a \éisrus antigens, Newcastle disease virus antigens, Sendai
virus anti%ens‘, and m%ectious ary\rllgo raéﬁe&'s virus antigens (ILV). In certain embodiments, the viral
antigen is deriy@tBirp mitanotie psedificiemba diimes: tygep ofi haracs pagaihrfladnra windsutype 2, human
25parainfluenza virys types r from Sendai,virus. In apother empodiment t&_?.viral antigen, is HIV
am20, HIO i e e S B e T R A ST S Herpes
simplex drasglycalteoteimgeaygaiia by g DA AR iigs) by eddtitrsdBt shefadtuantigelyhepatitis C virus E

prog%m 0%81%5?91%%‘ e Pé%lﬁce:aperc? t\?l}'?ls and the harvested material may be directly subjected one or

more of the purification steps detailed infra.
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10232] In another embodiment, RSV is engineered to express one or more bacterial 30antigens (e.qg.,
a bacterial coat protein or protective antigen associated with a bacteria). Non- limiting examples of
bacterial anWfeASIMEOUE antigens derived from bacteria of the Aquas:ph-NU/EHIR/0&8ESpirillum
family, Azotobacteraceae family, Bacteroidaceae family, Bartonella species, Bdellovibrio family,
Campylopaciqirieiins siVatiipianiRagias (e.9., Chlamydia pneumoniae), Entembacteriaceae family
(e.g., Citrobacter species, Edwardsiella, Enterobacter aerogenes, Erwinia species, Escherichia coill,
Hafnia specied 0k}ahsidlhe ppescidgniiotganpity sise cidsisPrastded s (dy dréepRrovidienciay Basasonella
species. ReUAlgMAIResiRNa0CARion A IBns Fadinglid. i acmaplilys influenzae.

5Halobacteriaceae family, Helicobacter tamily, Legiona y, Listeria species,

Methylocmg@ﬁc@twmﬂlrp,dmﬁt}mi@mb@@.ngmddmﬁwﬁﬁmlﬁg@pmmwﬁceae _
OCG@”°SHMMHQW‘&Qﬁsﬁﬁ‘&ﬁ?&iﬁ%ﬁ%‘?ﬁ‘éﬁﬂmﬁd E’d]%‘&ﬁlgﬁ‘q‘? fd?dsl%?lgﬁ%rﬁﬁgﬁdc%[pﬁﬂ&s@%? CIES,

Rhizobiaceae family, Spirillum family, Spirosomacéae family, Staphylococcus (e.g., methicillin

resistant MROHY b BCus I bweli® it Sikastyyivcedtliscsohynen&nds)y SttbhassdeusPieRgCo
Streptoc%ﬁﬁ%§ﬂ%@£ﬁ%@s§gﬁﬂngQEQ%ﬁ3§%§%ﬁﬁﬁ ,tﬁ%t&%ogr%%ﬁ %%ﬁ%%@@y Yampiegvibr

Helicobacter tamily, Yersinia family, Bacillusantracis and Vampirovibrio fa In"a specific

em b_odin(érﬁ-z, ﬂﬁerbh@ﬂyiiwlanﬁé@n@@ewms@@ aMB¥i&ra ﬁi@_tma_ifs@@mareeagstmé@@ with a
reSP'rato{Mx%&%&&?Qis%U&ﬂi%ﬁ SIEHIMREOCENS,PRAGIESn HARRARPIVE flHeRrPR s ml BPIARGSEYS, and

Chlatnydia pnettmoniae. 15[0233] In another embodiment, RSV is engineered to express one or more

fund@ arif_ugséﬁgleﬂ&méHGdeﬁééeﬂm@i@a@H@émdmﬂ@@ﬁ.ewﬁﬁqmmglémﬁ@&s of fungal
antigens elde antigang, derve Jfom %&&E&%ﬂ%ﬁ‘é%&%@?&:lgjﬁgﬁiéﬁm ERS dermatitidis;

Aiellomyces dertnatitidis; Histoplastna capsulatum; Coccidioides imtnitis; Can dida species, including

C. albicans, Cl¥38ikaRcducingrtissHosisntf Flfillkfrasndituamdcoariess o Rispdad M isrpeadies,
including gl {RIGAMSeS1h RS AR d HEHRUZ AR R SREGIAS (R Big @MY RRRSRESies:

Cunninghammella species; Apophysomyces species, including A. saksenaea, A. mucor and A.

absidia; $pohsumin ech&newitcriatascidiehdideszprisiierstdrddidR idatd s poglir therdbpsis
g'a@@taiawgﬁ%@%% SRBhI&R N gﬁ?@@?%@% PRESIES Al ReADBIRREMIRS & RIGE- In @ specific

embodiment, the fungal antigen is derived from a 25pathogenic fungus that cause or are associated

with a re<iicQIgHalisensace asqe3ng MesavtHBCaHBORIAYERS Retadsdagihedradicrbspriss one or
more parggifieAatgRRSs B‘PﬁﬁWﬁQ&@dﬁ?&%‘&l@ﬁf%ﬁ%ﬂ%ﬁ@%ﬂ? jacluda prtigens.derived from

members of the Apicomplexa phylum such as, for example, Babesia, Toxoplasma, Plasmodium,
Eimeria, Pséaychat ageseiphis s loseahikospsiacHAMMb eRMBesAisies 130 Gagdseydars Prenkelia,
HaetnoproiRids.rh Y GARYIAZREM VRgiIRAa dr NS USRI DG ¢981 198 RP B RGOS S @@,rgﬂif
members of the Microspora phylum such as, for example, Nosema, Enterocytozoon, Encephalitozoon,
Se&t%ta, Me2ékid, Amblyospora, Arneson, Glugea, Pleistophora and Microsporidium spp.; and
members of they AsRetosRAARNABATANS RRIRUORET 6ARET ASRASIRREHER suish #§for example,

Haplosporidium spp., as well as species incfuding May/nod/um .falciparum, P. vivax, P. ovale, P.

malaria; Téx8pslassmer demdhen ehathdnmftdridara or lers e, aboridjdre Hidettnspics [essdbrbvani,
Trypanosging ¢rZiHCIHse! op kRISIRSO MR I aNsoRc 5/ R rarieiynen FvirRaniymichiebinella

spiralis; Wuchereria ban croft!; Brugia 5nada*: Entamoeba histoé\glfca; Enterobius vermiculoarus;

Taenia s8Il theaabpiid rerdds GOV dgh R bowbthiadITDidAss s isrs a2 ng

Crypsospaugham fasyysss HReuwnarylisBatasiadievit 1Bsdiver 966 Bs Miartin/gesP@iakdaominis;
DientamoebaOnchocerca volvtdus; Ascaris lumbricoides; Necator americanis; Ancylostoma

duodenaf®esabit Sideddrdnsgiordapithenspoidrhag &P iy rngidstiohgyitRoshfd Mensis;

Hymenolgpipnrea: Rirhylebpitmiibdatdm; fHehnaaeacHRKaBHIRsHS: Bsduitlaslarisadaragon units
westermani, P. caliensis; Chlonorchis sinensis; Opisthorchis felineas, G. Viverini, Fasciola hepatica,

Sarcopte S SP4fisE pidarsiiftsd Rbava AR RGN s Sislesh B evetheafdblnediimidosespsdesiric

EMBODIiM&ENbeut & 4AZ3BE bAIsbekighRpabsin® Milveneaidpdses in cell culture to a log 10
TCID50/mL of at least about 8.0 and/or to a log 10 FFU/mL of at least about 8.0, comprising: (a)

profiferating ME9ERLelld pthssembodiraent fis & vHEEE IS ATINS A BN 1 6PEEGRGre

conditiongseleated e mothe BOUY ©asisiig, PREbAGIRIRM rate@hatwien,/alpegtsl00 and 200 rpm;
a pH of between about 6.0 to 20about 7.8; a temperature of between about 33C and about 42C; and

dissolved WigEH: @5 dsdlsdnRa %BSJ%@@J/X'P&%B&B&PBB% isirEamepant pisliferated MDCK cells

with an irdlgeyz aMrgsopilFeu exclRanging dbeucyl iy eI diwn) 3Ndg, FFU, or (63dmceibating the
infected proliferated MDCK cells under conditions E[bat permit 25replication of the influenza virus.

[0236] 2.The method of embodiment 1, wherein the‘culture medium is MediV



SFM 110. [02371 3.The method of embodiment 1 or 2, wherein the MediV SFM 110 comprises 9 g/L
glucose. 30[0238] 4.The method of any one of the preceding embodiments, wherein the MDCK cells
are proliferaY¥d Wd%Heétnt cells on microcan-iers WO 2010/036760PCT/URSABOE95815102391
5.The method of embodiment 4, wherein the concentration of microcarriers is between 1 and 3 g/L.

[0240] 6.4 peitethed @5 epshadimest KsQhRonvdeiRin soeiBGHcels|g6e FFeesHRd MR AHstRCarners

at a density of between 10 to 40 cells/microcan-ier and proliferated 5for between 2 and 5 days. [0241]

7.The mexRgd 15 xyPhe deemd Bre < dsy BvthaHierite BnRréitia lasiteliidH - iders ehtained
between ghpit HOrRND/2QR-00Me tha P, isrmaiiainedhriivean MequtH00s QWS dhRss

temperature is maintained between about 33C and about 42C; and the dissolved oxygen ]gDO) is

maintaindeFBERIEER & B8 SRt %BdaepbbYs. Fdfys Abyrshid thd Bl GPAA)ehe BemE Y eceding

embgdimantss \wherebathe MiGkCeRtoaePslifgmrte diatapagiaiabsaienehb etwsenfia0 rom to 200
rom.  [0243] 9.The method of any one of the recedinﬁg embodiments, wherein the MDCK cells are

proliferatSdUsEH BT ieteve dhtd el 718 Ho2A 41018 7 HieemERS ardrsniithetOe® herein the pH is

7.4+0.2. 150274610 5 Tdis methed rEan©asoat the RresedimnenbosiieRLs, yvheieiRdhetiCK cells
are proliferated at a temperature of 37+2 'C. [0246] 12.The method of any one of the preceding

embodim&ntds WEdeiPeonseRI b dresiiskahetidbodrdddY AP AdgeESHn No. PTA-7909 or

PTA-7910. [0241B&B. Thermeathed dhany, ancaaidhe prageting &rbadisanimguEmwioihia 20MDCK
cells are proliferated tg a cell density of between 5x105 to 3x106 cells/mL. [0248] 14.The method of
any'8ne 6Pi¥-pracBaiRG EMBBMMmmM I vHEPER St (B) %%é?ﬂ&%‘iflﬂ%@ BitiPhput of between

0.01x101pblykhdrabeten@id x3Q3oh WPER). [DR49]4&wamebpet-embadipentthddwherein step (b) is
carried outg{;iﬂ%a viral input of between 91.01 103 FEU/mL to 0.05 FFU/mL. 25[0250] 16.The method
of any or&" 1508t aMBSRRMEHET MRS ED: (b) is carried out using a viral input of between

0.00001 FFU/geli3md 0nQethik ckileslini02B13t1éadthwboae 80y, o anbadisbent 4G yheseisastep (b) is
carried out using a viral input of between 0,000W FFU/cell and 0.00005 FFU/cell. [0252] 18.The
etthoct SAH) T B B BRI RS e B RICHEL o s AL B Waptec.
[02%3] 19.00@banetbersqabpnibochgBNtid 8, spbrarririito diihear) za Ieusistd ar 8 @isofatiepEbed and

temperature sensit've_. WQ 2010/0367 OP%%ZO?@E 157 102541 20.The meth%d of any one of
the prec@dﬁ?ﬁ%mﬁh&i’ﬁl@ S WA SRR AR | %Wlﬁ%%‘ AV §.S[QF25 T 21.The method
of any onanbbttiempiiechding e bidin eIty prbesneiintte nilifod aivikgs is Resitfineoa Bl 00sp5102561
22.The "}Eﬁgﬁgtﬁ’f ?Ign ot% grl rgr% ggl(l?l’levlvlg?%% if%e%?tea{)nofllllfl Bg/i ér\gtr Tesast about 50%, or at least about
60%, or at least about 70%, or at least about 80% of the HCD present in the purified viruses
20 s less than about 500 bp in length. In a specific embodiment, at least about 60% of the HCD
present in the purified viruses is less than about 500 bp in length.
[0138] In some embodiments, the purified viruses and comprise less than about 10 pg
HCP/dose, or less then about 9 pg HCP/dose, or less then about 8 ug HCP/dose, or less then
about 7 ug HCP/dose, or less then about 6 ug HCP/dose, or less then about 5 ng HCP/dose,
25  or less then about 4 pg HCP/dose, or less then about 3 pg HCP/dose, or less then about 2 pg
HCP/dose, or less then about 1 pg HCP/dose, or less then about 0.8 ug HCP/dose, or less then
about 0.6 ng HCP/dose, or less then about 0.4 ug HCP/dose, or less then about 0.2 ug
HCP/dose. In a specific embodiment, the purified viruses comprise less than about 1 ng
HCP/dose, or less then about 0.8 pg HCP/dose or less then about 0.6 ug HCP/dose, or less
30  then about 0.4 ng HCP/dose, or less then about 0.2 pg HCP/dose.
[0139] In other embodiments, the purified viruses the purified viruses are influenza
viruses and comprise less than about 10 ug HCP/7.0+0.5 logoFFU, or less then about 9 ug
HCP/7.0+0.5 log(FFU, or less then about 8 pg HCP/7.0+0.5 log;oFFU, or less then about 7

43



comprises one or more gene segments of influenza strain ca A/Ann Arbor/6/60.  [0257] 23.The
method of any one of embodiment 21, wherein the influenza B virus comprises one or more gene
segments oMRfRIEPH2E62¢fain ca B/Ann Arbor/1/66. 102581 24.The method SENYSBHEBFEKE preceding
embodiments, wherein the 10 MDCK cells arc incubated at between 30C and 35C during the

replicatiofoOfjthe IMfie Z8e\IrUNCAtRRs(Merd B80T 25 Hrepmethed RieirPodisnesnk 2HenvRigin the
MDCK cells are incubated at 33+2 'V during the replication of the influenza virus in steg (c). [0260]
\{

26.The metdd(dlZi-8rd 51 ohE Pratdein henabodieradIGHE 2 thiogsMBE R detsthsd incubated at

an agitatigybnate, f Betweenrd.500ppFE20P ERMHdrngthe fentication-of Hr dfitanze: s in step (c).
102611 27.The method of arr?/ one of the Ereceding embodiments, wherein the MDCK cells arc

incubatedSP 244t dr e il A58t P9 BhY aBblisy tBeaiheyRe kpRRid 5P hdomnbENz A Virus in

stepC). k10262068 Dieeumerod aLemhedimpens, 3¢ | b ereinByaitisd Mep/2.00263] 29.The
method of ar& one of the grecedhrﬁ)embodiments, wherein a protease is present during step (c).

[0264] 30°8ne Fl&tRBIFSY t 88 Hiterer e pratEbSe 1 4 sermificrmledinessfsss) 31.The

method Ghenbedimes) 2sh(rR0 .| Wheiein B Or e BREPIT B ORI astineal fes psetease. [0266]
32.The method of embodiment 31, wherein the protease isﬁ,%?resent a[fﬁa final concentration of 0.03X.

[0267] 334 AEREHSH » %&ifﬂé%flﬂ%é%%@é’dﬁ%oe%@oﬁ s GaringrBbibmbitsiiihe step of

harvesting the Guliur eIOR G RGN (1268 B4 dteometh ot el e nlpsligepF B8, wherein the
culture medium is harvested beiween 48 hours to 72 hours after infection. WO

201810367608 s BB SBIEF it eI ReHRYREM S-St SrHSET Y Iy (e Tsr<rdids cells in a
cell culturegi@wRoPheMiSrQaa (T $YOMPTiHiRg: da) R dysiovas histap it whistied. aha postipmey the

growth medium; is replaced with a wash medium comprising a chelating agent; 5(b) incubation of the
cell cultur® 't Hsm%&ﬁéqgﬁﬁwﬁg gl %Eé‘ﬁ,“@@)%é’awﬁg?ﬁdfl ?%%?Qaig?to the cell culture in
the wash medilony () meuhaticahtheeltauiuee wikitheduetepsrawih-ar mithels agitation; and (e)

transfer to a new growth vessel. 102701 36The method of embodiment 35, further comprise a second
Bt et f bt el b e e i e

37.The meshes @f ereadineds 3xcomdtatehargintbiasRigtowtrdneciunwathddeteaggitiastal m crocarriers
are added after ste (dev. 102721 3¢ .The.lm(_e dt fan one. of e boditments 35.'[C 37, WQerein the
oo ofBURH LA JHE) A/ B 6r) HEr A RECRREP Lt BV R U5 ZREFSLE ()
15[0273]a39. Tihe anetneddf aoycoepaktrnkodinsoigiaglio 48, priene i betion provides
methods for the purification of live intact viruses (e.g., influenza viruses or RSV) utilizing
membranes and conditions to adequately separate HCD and HCP from the viral harvest. The
20  methods of the present invention give a high overall recovery of live virus. In one
embodiment, the overall recovery of purified viruses is at least 15%, or at least 20%, or at
least 25%, or at least 30%, or at least 40%, or at least 50%, or at least 60%, or at least 70%.
Methods to monitor the recovery of purified live virus include assays designed to measure
viral infection and/or growth. For example, Focal Fluorescent Assays and Median Tissue
25  Culture Infectious Dose (TCIDsy) Assays can be used to monitor the recovery of purified live
influenza virus. In certain embodiments, the method of purification of viruses of the instant
invention gives an overall recovery of viruses of at least 30%, wherein the purified viruses
comprise less than 0.1 ng HCD, and less than 0.3 pg HCP, and less than 0.0050 ng non-
specific nuclease per 7.0+0.5 logoFFU of virus.
30 [0142] The purification of virus harvest contains multiple steps, which can be
optimized depending on the virus and purification conditions. In certain embodiments, the
purification process may comprise anyone of the following, alone or in combination, a)
clarification of viral harvest; b) concentration and/or buffer exchange; c) purification by
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concentration of the chelating agent is between 0.4 mM and 0.6 mM. 102741 40.The method of any
one of embodiments 35 to 39, wherein the pH of the wash medium is between 7.8 and 8.2. [0275]
41.The metNY WA HIment of any one of embodiments 35 to 40, 20whdtfeHERDYHEM8EEE is a
recombinant animal free protease. [0276] 42.The method of embodiment 41, wherein the protease is

added to & fiad te@RERRLERION SfcbRiweemnB:04XnaadstpoMalldiipAs: Thenneiaps @icany one of
embodiments 35 to 42, wherein the cell culture is a(%itated during step (b). 25[0278] 44.The method of

any one JeamsBHbmaes1BeaIGamdrancirzse andsithitisatiogielite ainthhegvsst @) Vi 1adss The

method of iimbadinenl42 peddsidaaitinipie el citeis-auiiiad pbbaetwerntl 45 sriv and 275 rpm.
[0280] 46.The method of embodiment 45, wherein the cell culture is agitated at 30 23025 rpm. [0281]
47 The niBBaBTARY Bivel srearbyahiinrd sl bermeaiamtid cod ElfidridmetBetetd M Steps (b)
and ¢d) for betygaan|15\aad &R MEiEsr WO ROHYARASOPGRUSRRSIRAEISE H10282:5148. The

method of any one of embodiments 35 to 47, wherein a Protease inhibitor is added after step (d).

[0283] 49 RifRE AV ErERtNG- shaliss BB MGRINSIaF SF Eatiennehich Baltsdes dratm i Wiktetarriers
cr?mprlilsimsll,: 156@1_)&%@1&191&§ﬁﬁ@5%@gﬁfﬁﬁ@ﬂbﬁd@@&&ﬂ&wﬁ1wﬂfﬁwtmﬂgvtﬁ?hqedlﬁd(_ﬂbiﬂ%Ubating
the cell cujture In.the presence of the chelating agent with or without agitation; adaition of a
protease({mﬂ&éawgmb& ﬁfmémgah PR A R R HOW( ﬂﬁEaBﬁEE JIPHEIEBI culture
with the pigieRsewy laicnilay@ekalian antloEradainamdadionar Fpsriers Bedusupplementing
the cell culture with one or more media components. 102841 50.The method of empodiment 49,
whéfbin e ORE SN Eam%ﬁéﬁigaé?f%%?aa BrTFélﬂStﬁ‘énB%uB on e l&‘?‘é%?@l , MgC12,

MgSO4, irresueiinas it off peareiamsdtsqiarnddiacs alemente pelQ285) Bl Thadmeihadiof
embodiment 49 or 50, whergin the one or more medja compopnents are between 1.25 mM to 1.5 mM
CaC12, BB B S RIRBES {20 Bha B ert O1L (0 B APARGSRSAS 5% Frace Elements
A, 2X Traeride feRtfBeanchsiiiaceobienne rishér (02881 FAukhadeonief any enegfiembodiments
49 to 51, wherein therﬁﬁ" 20§ult re isg);l]ra sferred.to a n.ev¥, rowth vessel prior to, durérﬂ?%ﬁ:a r after step
(€). [OOFPFBITHE Ny UHib CUiHRE TS A B B ROHETERT S O 8 of the

cheigtingcagentisidiewiean.0.5 mM and 5 mM. [0288] 54.The method of embodiment 53, wherein the

concentration of the c ing.agent is about 2 mM. 25[0289] 55.The method of.any one of
embodiments I8 g TRRI i H19 SPRFETHERE R AL S HA0 () B BRI 7.8 and

8.2 prior tfncdusinghStage(6) the material they remove from the carrier liquid. They are, from the

smallest to largest pore size are reverse osmosis membranes, nanofiltration membranes,
ultrafiltration membranes, and microfiltration membranes. Filtration with the above-

20  mentioned membranes separates molecules according to their molecular weight by using
membranes with specific pore sizes. For example, separation with reverse osmosis
membranes that have pore sizes less than 0.001 micrometers is intended to separate
molecules that have a molecular weight less than 200 Daltons. Filtration with nanofiltration
membranes that have pore sizes from 0.001 - 0.008 micrometers, inclusive, is intended to

25  separate molecules that have a molecular weight from 200 Daltons to 15 kilodaltons (kDa)
inclusive. Filtration with ultrafiltration membranes that have pore sizes from 0.005 - 0.1
micrometers, inclusive, is intended to separate molecules that have a molecular weight from 5
kDa - 300 kDa, inclusive. Filtration with microfiltration membranes that have pore sizes
from 0.05 - 3.0 micrometers, inclusive, is intended to separate molecules that have a

30  molecular weight from 100 kDa - 3000 kDa and larger. Accordingly, membrane-filtration
can separate molecules of interest (e.g., viruses) from other cellular components based on size
exclusion by utilizing membranes that have a particular Molecular Weight Cut-Off (MWCO)
that is determined by the pore size of the membrane. The MWCO, also called Nominal
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[0290] 56.The method of embodiment of any one of embodiments 49 to 55, wherein the protease is a
recombinant animal free protease. [0291] 57.The method of any one of embodiments 49 to 56,
wherein the BLIEHYREWE added to a finalconcentration of between 0.04X X4d Y BI/HG8G7] 58.The
method of any one of embodiments 49 to 57, wherein the cell culture is agitated during step (b). WO

2010/036i6RRMT/ W20 Aag A2 3L REnligINeshedief anypne of ermpraimants 49 #9858,
wherein the cell culture is agitated during{ Steﬁo%' [0294! 60.The method of embodiment 58 or 59,
t r

wherein tHledalion fgrelrsiggrinndas the arsysTs B9 g8 dfnadhesdhisthod of any
one of emppeimenisefhie 6@c\wheteinthacrlbouliwaisineyhnéaddmsiars Baxand (frfor between 15

and 90 minutes. [0296] 62.The method of any one of embodiments 49 to 61, wherein a protease

inhibitor S4B RS ateD Qe 59 el biatrraehbE LMY sificasly ditlsatabapesiiiure
comprisingWiOO(a) rdakifieationmaftacyirat anvest by disacidawy AtatamdfonitenghaipRast one

membrane having a pore size of between about 1.2 micrgmeters to about 0.45 micrometers; (b)

concentr SHGHE TRy ErRicHS WM RESE SREYUNe) WAt as iRt sBRe AR R byPLaft R DF) following

stf?p (a) Lﬁﬂﬂﬂg@ﬂ?ﬁiﬂ.@%ﬁ)@ﬁ%?ﬂﬁ%% kiRa B@?ﬁ@tﬁﬁ)@%@ﬁwﬁm qu:t%ﬁdmﬁg}ionbn?hwrifri‘cationbby
affinity column chromatography following step (b); concentration by UF and/or huffer exchange by
DF followitly SR AUSREFAL éﬂ?&hﬁ@%m%&%éms THefECH P@%ggh%a%ﬁﬂmﬂ/@m; and  (e)

sterilizatiggpéalendag dlep{6) pon ik thimugh @HrAshape menbiane hwvdied@apeidtsize of between
about 0.45 micro&neters ;t?%about 0.22 microme ers,,wherei%nFS:Ie overall receof\}/gery of purified viruses is

at 1édst 3695 IHIVHEPERPIRE BuprIEG IR dhiatife ¥ SE ARG T oIy I e BrE88Wehan 0.3 1,tg

HCP per 0@ &legiearvbliak\olscal03244, pdIyhemring¢ellermiediaeatraS BATEEIIOsNENSe and a
phosphaie 25buffer a%c dded tothe viral ha{v st to a final concentration, within 10% variatign, of 218
RIS R

M sucr O HRR BISO RS TBRREP AR 91 A B B3 AT B S B P B
embodimantpaaididanthpieinstapscis) dhudmiere, colpied, (a30Q1HerEhe septhadoafl any one of
e o o s SR LA, o
whaein gigedBrds performed at a flux rate of between about 35 liters per meter per hour (LMH) to
about 50 LMH 2Q10/036760PCT/US2009/058157 10302]. 68.The methad of any one of
embodments K567V GHRHEH I (25 S0 BMOR R L ERUEF 40 BB B UL 22800 s (o
about 16]300c3 o, [0R03] £ AT Iretbo dLof aad ettt & toh ODIF e MBS0 @ rpdiateifoaiepr(b) results
In 8 X D g {S s 2 S T DRI AT 2 R139 % % hange buffers.
Furthermore, the use of UF and/or DF may result in additional purification by the
20  fractionation process that washes smaller molecules, which may be contaminants, through a
membrane and leaves larger molecules of interest in the retentate. Accordingly, TFF,
incorporating UF and/or DF may be used to concentrate and/or exchange buffers and/or
purify. The choice of membranes for use in filtration applications has been described supra.
According to the invention, DF can be either discontinuous or continuous DF. In
25  discontinuous DF, the solution is concentrated, and the lost volume is replaced by a new
buffer. In continuous DF, the solution volume is maintained by the inflow of new buffer
solution while the old buffer solution is removed.
[0146] In certain embodiments, the clarified virus is concentrated about 2X, or about
3X, or about 4X, or about 5X, or about 6X, or about 7X, or about 8X, or about 9X, or about
30 10X, or more, wherein “X” equals the Total starting volume added to the operation/final
retentate volume. In a specific embodiment, the clarified virus is concentrated between about
3X to about 5X. In another specific embodiment, the clarified virus is concentrated about

4X, wherein “X” equals the Total starting volume added to the operation/final retentate
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5103041 70.The method of any one of embodiments 63 to 69, wherein the exchange buffer in step (b)
comprises, within 10% variation, 218 mM sucrose, 11 mM phosphate buffer pH 7.0-7.4. 103051
71.The metNHa 1AM of embodiments 63 to 70, wherein buffer excharRfet B8RS in step
(d). 10[0306] 72.The method of any one of embodiments 63 to 70, whercin concentration by OF and

buffer ex¢hange iy EFAREHBBEIRNS) O3 cl3viig Ieshed RhrRAEN PHRBPR[IFRENtS 63 to 70
or 72 wherein step (d) results in at least a 2X concentration. é0308 74.The method of any one of

embodimB8RIsE3 s Terdinsrbilisueguent pidiication stamsidp sreuRGrabRbim s dpl ey 183001

75.The mgihedteftriy.866: of @RBAHHESR a0 dhvieieindhaeychanae hiite! br sbopt(d)
comprises, within 10% variation, 200 mM sucrose, 100 mM phosphate buffer pH 7.0-7.4, [0310]

76.The niiiNBlBEaRF heUSP cHiaaiimen & 65at Peligialvmrspatiben & Siombamser 3894t BgioFFU
of infuend@wiruses, delRat ecinRo M & atiBiytediavoluiRR1d] HorEheamathas of euTkedipent 76,

wherein between 9.0 logioFFU to 10.0 logioFFU of influenza viruses arc loaded per mL of affinity

media [0819128erHY REmuhcEt R M BbaRIuRE #othyidal Rubisvelie nseiesd fadhs SNeBHREU of

influenzagviFisen Rretioade dqlamd Linfaffinityiceshe d2hia8 b3lwaeA hsonethnshetanysesatfut
embodiments 63 to 78, wherein after the virus are loaded the affinity media is washed with a buffer

comprisif IS OF VTSt oFE S8R SudiTsd! 4 fImNPno o B USHYPI8ME4. 103141
80.The mgiRR @das sy efebegime I/ Gldaato volatei nsta (e fystek dreasponates, exposure to

a buffer comprising a non-specifijc endonuclease. 30[0315] 81.The method of embgodiment 80, wherein
theMBngtﬁ%&%éﬁE%m%%%fe e a@rﬁﬁff&ﬂé%ew REVTRNIT S s tahheiraeline oo

minutes. ih@346dc820Tthe shethoshafiemporimasiBtt vengirin the length of exposure to the buffer
comprising the nopn-specific endonuclease is 5010 minutes. WQ 2010/036760PCT/US2009/058157
103171 83.Thé8ﬂ1‘£?ho§‘]o“fe§ﬁ§ﬁo%g8 Hﬂ%&%i%%?ﬁ?@@% IR RS sPEtHBZndonuclease

is Benzorasejms [QBE8l84thatvdthaddi dnymene wifssn bogdiohanie 80 Ad&3soubetieindhebuffer

comprising the non-specific endonuclease, comprises, within 10% varijation, 218 mM 5sucrose, | 1 mM
phosphalS BIREH SR YESAnAh B TR R BB B ARG BSR4 o ARSP RPER LA Cof between 40

LI/mE to 60 bdlihciRB3 18k BRHbe:methassel amynordiabembedinpetb SR tadikibeddiajteidhe
butfer coFMREIRD THHCLODE A TS S i SAOEL T W RHO hatd JOBOHE B 0.7 -
[0320] 860kide snathid aYohe XDembadimertsndictocsaithdiateiflde pudied tbiusetheomprise less
than 0,006,000 spesic endanuclecet et 1 010:2 9DREFFf Yts. CRRALE The prhod of any
specific embodiment, a membrane with a 500 kDa MWCO is used for the concentration and
20  buffer exchange. In some embodiments, the membrane may be cleaned post process and
reused. In other embodiments, a new membrane is used for each batch of clarified virus. In
another specific embodiment, the clarified harvest is concentrated and the buffer exchanged
as exemplified in the Examples provided in Sections 8.6 and 8.6.3.
[0148] Types of chromatography useful for the purification of viruses (e.g., influenza
25  or RSV) include, but are not limited to, affinity chromatography as well as ion-exchange
chromatography and/or hydroxyapatite chromatography. In certain embodiments, ion
exchange chromatography is used. In one embodiment, cation exchange chromatography is
used. In another embodiment, cation exchange chromatography is performed at high pH. In
one embodiment, anion exchange chromatography is used. In a specific embodiment, a
30  strong quaternary ammonium (Q) anion exchanger is used (e.g.. Capto™ Q, GE Healthcare)
In another embodiment, anion exchange chromatography is performed at low pH. Anion
media useful for ion exchange chromatography include, but are not limited to, anion
membrane adsorbers (e.g., Sartobind® Q15, D15) and cation membrane adsorbers (e.g.,
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15media is selected from the group consisting of CellufineTM Sulfate and FluSelectTM. 103221
88.The method of any one of embodiments 63 to 87, wherein the influenza viruses are eluted from the
affinity med WXVAHYB0TEr comprising, within 10% variation, 1 M sodium chf$ridESZ2HE N 3ucrose,
and 11 mM phosphate buffer pH 7.0-7.4. [0323] 89.Influenza viruses produced by the method of any

one of erghRdinENts RPAiA 8459" BalR88: @%i%&,%ﬁlg%@w@faﬁa&%gm@ COMRRHSINGIgSS than
0.1 ng HCD, and less than 0.3 1,tg HCP per 7.00.5 logioFFU of virus, wherein the influenza viruses

were purffiedRBHitie e artbe bRl ah @alp-Podpn gornd NE U ieliseiiatysnaiaed of
embodiment 90 Wharein isPrIaal B sels BsfraIEAad framR the A5aUR GoBSIRERG Qfduman

diploid lung fibroblast cells, human retinoblastoma cells, human kidney cells, fetal rhesus lung cells,

African greairihnshresyaaereshrais. kapreinmediiyadptebIg otos 26 Rlbo ke iy iiddiglaenza viruses
of ergbodigigh IPvERTeIR IR MAPSIRRAR! R CMBEH &Pl BYRBR BulRi e Petifiath influenza
viruses of embodiment 90, wherein the mammalian cells are culture is a VERO cell culture. 103281
94.An im?ﬁ%@@&@@&nposition comprising polypeptides of the influenza viruses of any one of
embodiments § i@ P3n&4nYYOCu3GLPHIBRAEARGTAVR RN QIR bR Si ket AMIED $heludd3rdigl he

invention is now described with reference to the following examples. These examples arc provided for
the purpd¥éhdhiQdtratipAfy heRPIHECHIRINBIS SRt tM SIS Wity brosorstifisacad Beirlgatmited to

these examplag byt atbey should be rensiived iRRansPmPaRsRIRY AL AHiVATIARARS RIS become

evident as a result of the teachings provided herein. Of course, it will be appreciated that specific
listihg) or G@W@h@%ﬁmm&ew@hﬂﬁﬁbﬁtthﬁew@agéﬁfslg%éﬁ?@ﬁé@pmmr_@rt,hétﬁnaih not to be
considered imufing-adhe ﬁHfﬁ‘ﬁEhIl.'”X%E‘&'Rﬁ‘n%@‘?ﬁ?&Bﬁ@é‘i‘%@Bé{cﬁﬁ@ﬂr@eﬁl@iﬁ@eﬁ%ﬁﬁ‘{?x@@i&gher
appreciated that other equipment and reagents which perform similarly may be readily substituted. 10
8.1 Meditiatheds GalfouirEptvacdsesuses hesodwsrthe drestiesneismlnaioprecélg., Mcdiv SFM

107, MediyysEM ek sl HienBralfecatinn abW Rta el PRt RN emREgenic MDCK
cells, to high density have been described (see, e.g., FL410US and G-FL414US). However, work

using these sek@HAlkedmheagigmbrsimanitidiesPwitAubriumioisericMee aeiboag Afteelse.,
15spyumgre MeAIUm(®-0.055GE, HPRESIRA NRWE 8005901 05 HIA 24 AbsavedIeesthat owhile

reasonable peak viral titers (generally measured as logio FFU/mL) of reassortant influenza virus could

be obtairlées Withothom MDA gs, thea plei (+8PS Negestitsother hautH 0839 Eimsdansith

medium gxchanas 0 YYRIGE, 3 PRIUQRE Bould Y20 iRSg oWt meditm i iarayes aad rrajaced with
an infection medium after proliferation the cells and prior to (or at 20the same time as) infection.

Furtherniieua8 B 6P aeproteasal(m)piEgifiasdiieiite Rstdnendae pragifinsrabadimeicome the
need for Redivmrchang R ettﬁgmm.mma@%f;tM&@mgpa@mtﬁ% medippsMediv
SFM 110, was develo&%?. MediV SFM 110 con;glses 5x the concentration of the vitamins, linolcic
acidOlipofci@ontL 1Y s g5 dersdbeahnet Qi ar eframinecaltfagraselaans s fRekiously

described medqigi8$)(Seg ARcl ARIBoAntaR AhMadhY IRV L0 Hidmelismnreus.calkdansities over those
obtained with MediV_SFM 105 +TE (data not showng. However, using MediV SFM 110, 0% and 67%

medium S¥eREYeRPBRH NG i thepsabout §:000ms pelsonihanbtVeRRS AmoLSHY a no
medium exghanar (NS PreceskathGelisRiaranad by beaddekeaddirosiondses thekample

provided in Section 8.2 below) 30 from four seed reactors and ggrown in MediV SFM 110 media are

described¥ohOF 88 @it sidhpterb s A3 BEaRT e sheRitkous P Wenbiatet gt hemaberant

inflagnzaoviisim stpaissi cRMRISIBEUNE dddsand MAHOmtheowiiidotgp eoskRInS 184Usve. 6007,
A/South WO 2010/036760PCT/US2009/058157 Dakota/6/2007, and B/Florida/4/2006 (referred to by

the wild t§pPaHElf?fcRsg Alighiesedel nlrhansriAranbedin it thp ipified A1 ESES e and all the

three strajithproslveRdoiBigeS\ahAdtEempliat IRastHRA 46810 ¢-6d4mie RipRes driashsnentopBeells in the
seed reactors and attachment of cells in the final production reactors (FPRs) were observed after bead

to Sbeadt¥aREfer Ul ARBPEY §hak ShiFtbshERaie - 08myrehlenswet{is saqepteAcaicoHs. 0.

Upon infegligrotiieseosslistvermsaidtpled peivdicatydndatemaipe-thedontimemkatgestime. It was
found that the peak virus titers were gbserved at 3 d%)s post infection (dpi) for all virus %pes. Four

rund%or EQEHPEFEHES LR WAL RS REF D herRPrY: G Al M Po L reshes ARoHL W3 were
in-line to gad RiehaatHOJruooEDs 1L62A0H-dRRied uaaedia dighest diteroa BZRMEogioyEFU/mL at 3

days post infection (dpi), while the ) ) ®
another specific embodiment, the non-specific endonuclease is Benzonase .
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peak titers for ca A/South Dakota/6/2007 and ca B/Florida/4/2006 were 8.80.0 logio FFU/mL and 8.45
0.25 logio FFU/mL respectively at 3dpi. 103321 The reproducibility of data from these runs
indicates th&Q2Me8agntlexchange process is a robust process. Thus, the BHHESRAEERE Waintained
productivity without either 15 exchanging or adding medium or components. Accordingly, development

and use of the[fHVSEiFdS’E&ﬂi%sﬁﬁ%a@r\fﬁfﬂ@mﬁlﬁ&%aﬁf:&%ﬂﬂﬂ%ﬁhﬁl@@%&&ﬂ@fﬁtmﬁf)&ﬁ@ﬁlﬁms in cell
culture-based Influenza vaccine production, the requirement for medium exchan%e/sup lementation.

8.1.1 MatbptAscdnteiethioas Porabusy Mammals (Relhdra by Byuipaserty Msthedis,
equipmeisaiid paadRRt GRS Sintlash.mBResdiy srdastitutRdntidaulResssradodified
Eagle's Medjum (DMEM) / Ham FI2 (G bco, Grand Island, NY, Cat No. MEQ80012) 2. MilliQ or WFI
Water 253CThEaipRs ﬁ\hli&éﬁﬁ&&@ﬁbﬁ%@?d@% BISIBIRh A RLiod S0P, (&8r RS YIELH 8BS G lucose
(InvigogessiinHabatmdaridorRig,, GaliNazd SRES:ORiiR S i BeldpitectIiguan of Jaebise MO, Cat
No. 6607-31)? 6. L-Glutamine (Gibco, Grand Island, NY, Cat No. 25030-081) 7. CD Lipids (100X)
(Gibco, GRARBPRIARd ey VERIR SV BEIsBIOF i WAL dbGHE PO HEHisEihitdiatian) 4
Courneuygirktisncehdant N e-dRbRA), Aninstitn (ServilogicabdiLRSSH Cemboaligt 4h06) 10. 13

is, MO, Cat No. 15516) 11. Hydrocortisone (Mallinckrodt, Phillipsburg, NY, Cat No.

(Sigma, St. Lo ]
8830(-05%%6’%%&%1@ﬁéﬁﬁfﬂg%éﬁ/’égﬁi@ﬂlE?lﬁﬁagfaa}smw EFY RGNS 8RB MO, Cat
Nﬁ.”P7iaﬁb1ilae,&ﬁfaf§manﬁbd.@y'gsnma??@td%(bm-&ﬁ%%&ﬂﬂ&erﬁm&mmgmma@wate @ )T Baker,
Phillipsburg, NJ, Cat Nq, 1980-01) 15. Tropaolone (Sigma, St. Louis, MQ, Cat No, T89702-5G) 516.
Tradd E|é?ﬁgﬁfet&f§%17§%tﬁm}éﬂ  WAHESEAE VAT SoRBe Gy fjowever dugfadbceiement B
(Cellgroliegirtashur MRS Yahe WA CaiiNDt 99k &BHe desidgacadriemeanh Gridetigre/Madiatech,
Manassas, VA, Cﬁt No. 99-176-cl) 1§. Sodium Bi carbon%{e ﬂnvitro%en, Carlsbad, California, Cat. No.
91425/8 PBHETPONMBb N5 de cES S MK ML b RIS HE B EE) SHime4 (RHTEGEN Earlsbad,
10Califorpiacdsatidoribdd Borsih7) 21. EDTA - DPBS solution Bag (Gibco Cat No. 14190-367)
22.0.5M EDT (Gjbcq, Grand Island, NY, Cat No. 15575-038) . . 23.0.21,tm |.cup filter
(ilipore, BecRa M A EENGS BECBUSHRIE meihoss TR Ss i teires T 4R i, Ny Cat
No.152568) 1h2ant imanBRaiddnhibitor (Worthington, Lakewood, NJ, Cat No. LS002829) 26. Cytodex 3
(Amersham Biosciences, Piscataway, NJ, Cat No. 17-0485-03) 27. Sucrose Phosphate (Hyclone,
Logan, US> ¢at Riyifigatianofdodlpenga yirgsss sterile bag (SAFC Biosciences JRH, Lenexa, Kansas,
1329B) 29. R(jr r5§ ttles Cornigra C(grnin%, %Y,VCat N%). §9072. 030. Na@H 1M solution (EMD,
Darmstadt, G manfj), B NG !f? T 2um sternis i ere(@l(l)rlnlleng,a 6?nllﬁ%?%¥fr&saets ¥, 430320,
430767) cold-adapted, and/or temperature sensitive, and/or attenuated).

[0155] In one embodiment the method of purifying viruses from cell culture
20  comprises the following steps:
(a) clarification of a viral harvest;
(b) concentration and/or buffer exchange following step (a);
(¢) purification by chromatography following step (b);
(d) concentration and/or buffer exchange following step (c); and
25 (e) sterilization following step (d).

[0156] In one embodiment, the viruses are influenza viruses. In a specific
embodiment, the influenza viruses are cold-adapted, and/or temperature sensitive, and/or
attenuated influenza viruses.

[0157] In a specific embodiment, steps (a), (b), (d) and (¢) are performed by

30  membrane filtration. In another specific embodiment, steps (b) and (d) are performed by
tangential flow filtration. In still another specific embodiment, steps (a) and (e) are performed
by direct flow filtration. In yet another specific embodiment, step (b) includes both

concentration by ultrafiltration and buffer exchange by diafiltration. In still another specific
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32.1mL, 5mL, 10 mL, 25 mL, 50 mL Pipettes (VWR, Brisbane, CA, Cat Nos. 53284- 700, 53283-704,
708,710, respectively) 33. 5 mL aspirating pipettes (VWR, Brisbane, CA, Cat No. 53392-044) 2534.
1.8 mL Epp¥Ri8HeMBEHUSA Scientific, Ocala FL, Cat No. 1415-5510) 35 PAICHS3A9MES D5 (Art
Molecular Bioproducts, San Diego CA, Cat No 20E, 200E and 1000E) 36. Sucrose Phosphate, 10x

(Hyclon CehaBBitn AT, steBltt PSSl Boncent@fioAPRlkAN SaenttabeaHRIE GRREKARhod of
Biotechnology, Foster City, CA Models: ADI 301010, ADI 1025) 38. 3L glass vessel and headplate

(BiotechhIBB & sieeE e €yled g A310 impellers (Lightnin, Rochester, NY) 40. 60mm marine

impeller (Applijwrsiotachholpeyifasitiodinte®Alc RN OpAEARAFORGT/USRAND/058157  41.
45mm marine impellers (Applikan Biotechnology, Foster City, CA). 42. Peristaltic pump (Watson
Marlow ESRQEIEREH NiFRiARREIT WIECNIG GBI sirasrl stPrsadurtsr dnsrRRTe e iSAIkRT ¥ ompany,
Sanford, W SterBO8cific nddeiReller bottle incubator (Bellco Biotechnology, Vineland, NJ, Model
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In another specific embodiment, the viral harvest is clarified by DFF through a first
membrane have a pore size of 1.2 micrometers and a second membrane having a pore size of
25  0.45 micrometers. In certain embodiments, polypropylene and/or PVDF membranes are
used. In still another specific embodiment, the viral harvest is clarified by DFF as
exemplified in the Example provided in Section 8.6. In yet another specific embodiment, the
harvesting of the cell culture replicated virus is coupled to the DFF step. For example, the cell
culture replicated virus is harvested and applied directly to the media and device used for
30  DFF. The coupling of the harvest and clarification steps reduces the number of
manipulations, avoids the need for a harvest tank and reduces overall processing time.
[0162] In onec embodiment, the clarified harvest is concentrated and/or the buffer is

exchanged. In one embodiment, concentration and/or buffer exchange is performed by UF
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and DF. In another embodiment, TFF is used for both the UF and DF. In yet another
embodiment, the harvesting of the cell culture replicated virus is coupled to the DFF step
which is coupled to the TFF step. The coupling of the harvest, clarification and
concentration/buffer exchange steps reduces the number of manipulations, and reduces
overall processing time. In certain embodiments, the TFF is run so as to maintain a constant
Filtrate Flux rate. In other embodiments, the TFF is run so as to maintain a constant TMP. In
certain embodiments, the clarified virus is first concentrated by UF and then the buffer is
exchanged by DF. In certain embodiments, the clarified virus is concentrated about 2X, or
about 3X, or about 4X, or about 5X, or about 6X, or about 7X, or about 8X, or about 9X, or
about 10X, or more, wherein “X” equals the Total starting volume added to the
operation/final retentate volume. In a specific embodiment, the clarified virus is concentrated
between about 3X to about 5X. In another specific embodiment, the clarified virus is
concentrated about 4X, wherein “X” equals the Total starting volume added to the
operation/final retentate volume. In certain embodiments, the clarified virus is concentrated
about 10X or more to increase the loading of all subsequent purification steps. In certain
embodiments, following concentration about 1 diavolume, or about 2 diavolumes, or about 3
diavolumes, or about 4 diavolumes, or about 5 diavolumes, or about 6 diavolumes, or about 7
diavolumes, or about & diavolumes, or about 9 diavolumes or about 10 diavolumes, or more
diavolumes of buffer are exchanged by DF, wherein a diavolume is the total buffer volume
introduced to the operation during DF/retentate volume. In a specific embodiment, between
about 4 diavolumes to about 6 diavolumes of buffer are exchanged wherein a diavolume is
the total buffer volume introduced to the operation during DF/retentate volume. In another
specific embodiment, about 5 diavolumes of buffer are exchanged, wherein a diavolume is
the total buffer volume introduced to the operation during DF/retentate volume. It is
contemplated that the exchange buffer may be the same or different from that present in the
viral harvest. In one embodiment, the exchange buffer is an SP buffer at a neutral pH. In a
specific embodiment, the exchange buffer comprises (within 10% variation of one or more
component) 218 mM sucrose, 11 mM phosphate buffer pH 7.0-7.4. In another specific
embodiment, the exchange buffer consists (within 10% variation of one or more component)
of 218 mM sucrose, 11 mM phosphate buffer, pH 7.0-7.4. In certain embodiments, the
retentate, comprising viruses (e.g., influenza), is collected after the desired volume of buffer
is exchanged. After collection of the retentate some virus may remain weakly bound to the

membrane. Accordingly, in some embodiments, the membrane is rinsed with additional
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exchange buffer which is added to the collected retentate. The collected retentate is also
referred to herein as “conditioned viral load” or as the “#XUF #XDF” where “#” indicates
either the fold concentration or the number of diavolumes of buffer exchanged for the UF and
DF processes, respectively. In a specific embodiment, a membrane with a 500 kDa MWCO
is used for the concentration and buffer exchange. In some embodiments, the membrane may
be cleaned post process and reused. In other embodiments, a new membrane is used for each
batch of clarified virus. In another specific embodiment, the clarified harvest is concentrated
and the buffer exchanged as exemplified in the Examples provided in Sections 8.6 and 8.6.3.

[0163] In certain embodiments, the conditioned viral load is purified by
chromatography. In certain embodiments, the conditioned viral load is purified by column
chromatography. In some embodiments, the conditioned viral load is purified by affinity
chromatography. A variety of affinity chromatography media are available with similar
separation properties, for example numerous affinity chromatography media are available for
the concentration and purification of a number of viruses and viral proteins, including, but not
limited to N(p-Aminophenyl)oxamic acid agarose, Cellufine™ Sulfate. Methods useful for
evaluating the performace of affinity ligands are exemplified in Example 8.7. In a specific
embodiment, Cellufine™ Sulfate (Chisso Corp.) affinity media is utilized for affinity
chromatography. In another embodiment, FluSelect™ is utilized for affinity
chromatography. In still another embodiment, the binding ligand of the affinity media
comprises a sulfate moiety. In certain embodiments, the conditioned viral load is loaded
directly onto an affinity media. In certain embodiments the unbound material may be passed
over the affinity media to facilitate the binding of additional viruses.

[0164] In one embodiment, between about 10°° to about 10", or between about 10°
to about 10°°, or between about 10°" to about 10°° virus particles, are loaded per ml of
affinity media. in another embodiment, at least about 109'0, or at least about 109'1, or at least
about 10”2, or at least about 10°~, or at least about 10°*, or at least about 10°~, or at least
about 10°°, or at least about 10°”, or at least about 10, or at least about 10°, or at least
about 10", or at least about 10'°%, or at least about 10'%, or at least about 10'°, or at least
about 10'%%, or at least about 10", virus particles are loaded per mL of affinity media. In
certain embodiments, the virus particles are live viruses. Methods for determining the
number of lives virus in a sample are described herein.

[0165] In another embodiment, between about 9.0 log;oFFU to about 11 log;oFFU, or
between about 9.2 log;oFFU to about 9.8 log;(FFU, or between about 9.4 log,oFFU to about
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9.6 log1oFFU of virus, are loaded per mL of affinity media. In another embodiment, at least
about 9.0 logoFFU, or at least about 9.1 log;oFFU, or at least about 9.2 log;oFFU, or at least
about 9.3 logoFFU, or at least about 9.4 log;oFFU, or at least about 9.5 log(FFU, or at least
about 9.6 logoFFU, or at least about 9.7 log;oFFU, or at least about 9.8 log;(FFU, or at least
about 9.9 logoFFU, or at least about 10 logoFFU, or at least about 10.1 log;oFFU, or at least
about 10.2 log;oFFU, or at least about 10.3 log;oFFU, or at least about 10.4 log,oFFU, or at
least about 10.5 log;oFFU, or at least about 10.6 logoFFU, or at least about 10.7 log,oFFU, or
at least about 10.8 log;(FFU, or at least about 10.9 log;oFFU, or at least about 11 log;(FFU of
virus are loaded per mL of affinity media. In a specific embodiment, Cellufine™ Sulfate
(Chisso Corp.) affinity media is utilized and between 9.2 logoFFU to 9.8 log;oFFU of virus
are loaded per mL of Cellufine™ Sulfate. In another specific embodiment, Cellufine™
Sulfate (Chisso Corp.) affinity media is utilized and between 9.4 logoFFU to 9.6 log;oFFU of
virus are loaded per mL of Cellufine™ Sulfate. Instill another specific embodiment,
Cellufine™ Sulfate (Chisso Corp.) affinity media is utilized and at least about 9.4 log;oFFU,
or at least about 9.5 logoFFU, or at least about 9.6 log;oFFU, or at least about 9.7 log;(FFU
of virus are loaded per mL of Cellufine™ Sulfate.

[0166] In one embodiment the affinity media is washed, with a sufficient volume of
buffer in which the viruses will remain bound to the affinity media (e.g., an SP buffer), to
remove unbound and weakly bound contaminates from the affinity media. In certain
embodiments, the wash buffer comprises (within 10% variation of one or more component)
218 mM sucrose, 11 mM phosphate buffer pH 7.0-7.4. In another specific embodiment, the
wash buffer consists of (within 10% variation of one or more component) 218 mM sucrose,
11 mM phosphate buffer pH 7.0-7.4. In certain embodiments, the viruses are eluted from the
affinity media after washing, using a sufficient volume of a buffer in which the viruses will
not bind to the affinity resin to elute the virus without releasing any contaminants bound to
the column, and collected. In certain embodiments, the elution buffer comprises salt. Salts
useful for the elution of viruses (e.g., influenza) from affinity columns include sodium
chloride, potassium chloride, ammonium chloride, magnesium chloride, and calcium
chloride. Generally, the elution buffer is applied to the resin as either a gradient or step in the
0 to 1.0M concentration range. The effectiveness of the cation and anion used as the salts in
the elution buffer correlate with the Hofmeister series, where the order of displacement for
commonly used cations is: Ca®* > Mg®" > Na" > K" >NH," and the order of displacement

effectiveness for commonly used anions: PO, > S0,> > COO > CI'. Inone embodiment,
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the elution buffer comprises (within 10% variation) sodium chloride at a final concentration
of IM. In another embodiment, the elution buffer comprises (within 10% variation of one or
more component) 1 M sodium chloride, 218 mM sucrose, and 11 mM phosphate buffer pH
7.0-7.4. The collected eluted virus is also referred to herein as the “purified virus eluate.”

5  The elution of the viruses can be monitored by monitoring ultraviolet (UV) absorbance, in
particular by monitoring the absorbance at 280 nanometers. In some embodiments, the
conditioned viral load is purified by column chromatography, wherein the elution of the
viruses is monitored and specific fractions comprises viruses are collected. Such an approach
can be useful when it is desirable to minimize the volume of the eluted virus. In another

10 specific embodiment, the conditioned viral load is purified by chromatography as exemplified
in the Example provided in Section 8.6.

[0167] In certain embodiments, the method of purifying viruses (e.g., influenza)
includes treatment with a non-specific endonuclease (e.g., Benzonase®). In certain
embodiments, the non-specific endonuclease treatment occurs early in the purification of

15  wviruses. In one embodiment, non-specific endonuclease treatment occurs after step (a) but
before step (b). In another embodiment, non-specific endonuclease treatment occurs after
step (b) but before step (c). Alternatively, the virus is treated with a non-specific
endonuclease during step (c). The advantages of this approach are exemplified in the
Example provided in Section 8.6. In a specific embodiment, the conditioned viral load is

20 bound to an affinity media and then is exposed to a buffer comprising a non-specific
endonuclease. In some embodiments the non-specific endonuclease is present in the buffer at
a concentration of between about 10 U/mL and about 100 U/mL. In other embodiments, the
non-specific endonuclease is present in the buffer at a concentration of between about 40
U/mL to about 60 U/mL. In one embodiment, the non-specific endonuclease is present in a

25  buffer comprising sucrose. In a specific embodiment, the non-specific endonuclease is
present in a buffer comprising 218 mM sucrose, 11 mM phosphate buffer pH 7.0-7.4. In
another specific embodiment, the specific endonuclease is present, at a final concentration of
between about 40 U/mL to about 60 U/mL, in a buffer consisting of (within 10% variation of
one or more component) 218 mM sucrose, 11 mM phosphate buffer pH 7.0-7.4. In certain

30  embodiments, the loading and wash conditions are adjusted to ensure that the bound virus
will be exposed to the non-specific endonuclease for between about 10 minutes to about 120
minutes. In one embodiment, the loading and wash conditions are adjusted to ensure that the
bound virus will be exposed to the non-specific endonuclease for between about 40 minutes
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to about 80 minutes. In still other embodiments, the loading and wash conditions are
adjusted to ensure that the bound virus will be exposed to the non-specific endonuclease for
at least 10 minutes, or at least 20 minutes, or at least 30 minutes, or at least 40 minutes, or at
least 50 minutes, or at least 60 minutes, or at least 70 minutes, or at least 80 minutes, or at

5  least 90 minutes, or at least 100 minutes, or at least minutes, or at least 110 minutes, or at
least 120 minutes. In certain aspects of the invention, the time of exposure to the non-
specific endonuclease, the concentration of the non-specific endonuclease and the volume of
non-specific endonuclease containing buffer can be adjusted. For example, to minimize the
time needed to cleave DNA contaminates the concentration of non-specific endonuclease

10 may be increased; alternatively to minimize the amount of non-specific endonuclease utilized
the time of exposure may be increased. Following treatment with a non-specific
endonuclease it may be desirable to wash the affinity media with a sufficient volume of
buffer in which the viruses will remain bound to the affinity media (e.g., an SP buffer) to
remove any residue digested DNA contaminates. Accordingly, in certain embodiments, the

15  affinity resin is washed as described supra before and/or after treatment with a non-specific
endonuclease. In another specific embodiment, the non-specific endonuclease is
Benzonase®. In still another specific embodiment, the conditioned viral load is treated with
Benzonase® at the same time as purification by affinity chromatography as exemplified in the
Example provided in Section 8.6.

20 [0168] In one embodiment, the purified influenza viruses comprise less than about
0.0060 ng, or less then about 0.0055 ng, or less then about 0.0050 ng, or less then about
0.0045 ng, or less then about 0.0040 ng, or less then about 0.0035 ng, or less then about
0.0030 ng, or less then about 0.0025 ng, or less then about 0.0020 ng, or less then about
0.0015 ng, or less then about 0.0010 ng, or less of non-specific endonuclease per 7.0+0.5

25  logioFFU. In a specific embodiment, the purified influenza viruses comprise less than about
0.0040 ng, or less then about 0.0035 ng, or less then about 0.0030 ng, or less then about
0.0025 ng of non-specific endonuclease per 7.0+0.5 logoFFU. In another specific
embodiment, the non-specific endonuclease is Benzonase®.In certain aspects of the invention,
following purification by chromatography the purified virus eluate is concentrated and/or the

30  buffer is exchanged. Methods useful for concentrating and/or buffer exchange have been
described supra. In certain embodiments, the buffer of the purified virus eluate is exchanged
using DF. In one embodiment, more than about 5 diavolumes of buffer are exchanged by

DF, wherein a diavolume is the total buffer volume introduced to the operation during
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DF/retentate volume. The advantages of exchanging more than about 5 diavolumes are
detailed in the Example provided in Section 8.6. In another embodiment, about 6
diavolumes, or about 7 diavolumes, or about 8 diavolumes, or about 9 diavolumes or about
10 diavolumes, or more diavolumes of buffer are exchanged by DF, wherein a diavolume is
5  the total buffer volume introduced to the operation during DF/retentate volume. In a specific
embodiment, about 8 diavolumes, or more diavolumes of buffer are exchanged by DF,
wherein a diavolume is the total buffer volume introduced to the operation during
DF/retentate volume. In a specific embodiment, the exchange buffer comprises (within 10%
variation of one or more component) 200 mM sucrose, 100 mM phosphate buffer pH 7.0-7.4.
10 In another specific embodiment, the exchange buffer consists (within 10% variation of one or
more component) of 200 mM sucrose, 100 mM phosphate buffer, pH 7.0-7.4. In certain
embodiments, the retentate, comprising viruses, is collected after the desired volume of
buffer is exchanged. After collection of the retentate some virus may remain weakly bound to
the membrane. Accordingly, in some embodiments, the membrane is rinsed with additional
15  exchange buffer which is added to the collected retentate. The collected retentate is also
referred to herein as “formulated virus bulk” or as the “#XDF,” where “#” indicates number
of diavolumes of buffer exchanged during a DF process, respectively. In a specific
embodiment, a membrane with a 500 kDa MWCO is used for the concentration and/or buffer
exchange. In some embodiments, the membrane may be cleaned post process and reused. In
20  other embodiments, a new membrane is used for each batch of purified virus cluate. In
another specific embodiment, the buffer of the purified virus eluate is exchanged as
exemplified in the Example provided in Section 8.6. In still other embodiments, the clarified
virus is concentrated by UF and the buffer is exchanged by DF as described supra. The
incorporation of an UF step will decrease the volume of the resulting formulated virus bulk.
25  In certain embodiments, the virus eluate is concentrated about 2X, or about 3X, or about 4X,
or about 5X, or more, wherein “X” equals the Total starting volume added to the
operation/final retentate volume. In other embodiments, the virus eluate is concentrated
between 2X and 4X. In a specific embodiment, the virus eluate is concentrated about 2X and
then the buffer is exchanged by DF as described supra. In a specific embodiment, the buffer
30  ofthe purified virus eluate is concentrated and the buffer exchange as exemplified in the
Example provided in Section 8.6.3.
[0169] In one embodiment, the formulated virus bulk is sterilized by DFF and/or

TFF. In another embodiment, the formulated virus bulk is sterilized using a MF membrane
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having a pore size large enough for the virus to pass through but small enough to retain other
contaminants. In one embodiment, the formulated virus bulk is sterilized by DFF and/or TFF
through at least one membrane having a pore size of about 0.45 micrometers. In certain
embodiments, polypropylene and/or PVDF membranes are used. In one embodiment,
additional components are added to the formulated virus bulk prior to sterilization. In certain
embodiments, at least one component selected from the group consisting of amino acid
excipients (e.g., glutamate, arginine), protein hydrolysate (e.g., collagen, gelatin), chelating
agents (e.g., EDTA) and preservatives is added to the formulated virus bulk prior to
sterilization. In a specific embodiment, glutamate, arginine and gelatin are added to the
formulated virus bulk prior to sterilization. In another specific embodiment, cGAG (200 mM
sucrose, 100 mM phosphate, 12.1% w/v arginine, 10% gelatin and 54 mM or 0.9%
glutamate) is added to the purified virus bulk in a ratio of 1:9 v/v. In another specific
embodiment, monosodium glutamate, arginine and gelatin are added to the formulated virus
bulk prior to sterilization at a final concentration (within 10% variation) of 5.4 mM or 0.09%,
1.21% w/v, and 1.% w/v, respectively. In still another specific embodiment, the formulated
virus bulk is sterilized by DFF as exemplified in the Example provided in Section 8.6.
[0170] In a specific embodiment, the method of purifying influenza viruses from cell

culture comprises the following steps:

(a) clarification of a viral harvest by direct flow filtration (DFF) through at least

one membrane having a pore size of between about 1.2 micrometers to about 0.45

micrometers;

(b) concentration by tangential flow ultrafiltration (UF) and buffer exchange by

diafiltration (DF) following step (a) using a membrane having 500 kDa molecular

weight cut off (MWCO);

() purification by affinity column chromatography following step (b);

(d)  Dbuffer exchange by DF following step (c) using a membrane having 500 kDa

molecular weight cut off (MWCO); and

(e) sterilization following step (d) by DFF through at least one membrane having

a pore size of between about 0.45 micrometers to about 0.22 micrometers,

wherein overall recovery of purified viruses of at least 30%, and wherein the purified
viruses comprise less than 0.1 ng HCD, and less than 0.3 pg HCP per 7.0+0.5 log,(FFU

of virus.
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[0172] Additional parameters that may be incorporated in the method of purifying

viruses from cell culture, in particular influenza viruses are exemplified in the Example

5  provided in Section 8.6 below.
6.5.2 Purification of RSV

[0173] In a specific embodiment, the viruses to be purified are respiratory syncitial
viruses (RSV) (e.g., rA2¢p248/404/1030ASH).
[0174] In one embodiment the method of purifying viruses from cell culture
10 comprises the following steps:
(a) clarification of a viral harvest;

(b) stabilization and/or buffer exchange following step (a);
(©) concentration and/or buffer exchange following step (b);

(d) purification by chromatography following step (c); and

15 (e) terminal filtration following step (d).

[0175] In a specific embodiment, step (a) includes multiple filtration steps. In another
specific embodiment, step (a) further incorporates treatment with a non-specific nuclease. In
another specific embodiment, steps (a) and (c) are performed by direct flow filtration. In
another specific embodiment, step (c) is performed by tangential flow filtration. In yet

20  another specific embodiment, step (c) includes both concentration by tangential flow
filtration and buffer exchange by diafiltration. In one specific embodiment, step (d) is
performed by ion exchange chromatograph (e.g. cation-exchange). In still another
embodiment, step (¢) includes only concentration. Additional embodiments of the method of
purifying viruses (e.g., RSV) are detailed infra.

25 [0176]  The purification methods of the present invention encompass the clarification
of a viral harvest. The crude medium from infected cultures can first be clarified by
centrifugation at, e.g., 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 supernatant
containing the virus is filtered through a series of semi-permeable membranes of a defined

30  range of pore sizes large enough to allow passage of the virus while retaining intact cells and
other large particulate matter. This clarification step in the purification process may include

the treatment with a non-specific endonuclease (e.g. Benzonase) to degrade cell host DNA
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Components mg/L CrOI3 (anhydrous) 0.32 MnSO4H20 0.17 NaF 4.20 Na2S1039H20 140.00 0e02
0.53 NH4V03 0.65 K1 0.17 NiSO46H20 0.13 RbCI 1.21 SnCI2 (anhydrous) 0.12 ZrOC128H20 3.22
Molybdic actiO2818/03&fhthonium salt  Table 5.100X Chemically Defined L6 ¥EIE(58Stion WO
2010/036760PCT/US2009/058157 Component FW mg/L

wherein the viral harvest is a) filtered by direct flow filtration (DFF); b) treated with a non-
specific endonuclease; and c) filtered again by DFF.

[0177] In one embodiment, the viral harvest is clarified by DFF and/or TFF using a
MF membrane having a pore size large enough for the virus to pass through but small enough

5  toretain intact cells and cellular debris. In certain embodiments, the viral harvest is clarified
by DFF in combination with treatment of a non-specific endonuclease. In a specific
embodiment the viral harvest is filtered through at least one membrane having a pore size of
about 10 micrometers or less, followed by treatment with a non-specific endonuclease and
then filtered again through at least one membrane having a pore size of about 3.0

10 micrometers or less. In a specific embodiment, the first filter step in the clarification process
is through at least one membrane having a pore size of between about 5.0 micrometers to
about 1.0 micrometers. In a specific embodiment, the second filter step in the clarification
process is through at least one membrane having a pore size of between about 3.0
micrometers to about 0.45 micrometers. In certain embodiments the first or second filter

15  step, alone or in combination, use a dual membrane filter, wherein two filters of different
sizes are stacked to prevent the clogging of the filter with the smaller pore size. In one
embodiment this dual filter is about 3/0.8 micrometers in size, wherein the 3 micrometer filter
acts as a prefilter to remove larger cellular debris. In another specific embodiment, the viral
harvest is clarified by DFF through a first membrane having a pore size of about 3.0

20  micrometers and a second membrane having a pore size of about 3/0.8 or about 0.65
micrometers.

[0178] In certain embodiments, the method of purifying viruses (e.g., RSV) includes
treatment with a non-specific endonuclease (e.g., Benzonase®) to degrade the host cell DNA
(HCD). In certain embodiments, the non-specific endonuclease treatment occurs early in the

25  purification of viruses. In one embodiment, the virus is treated with a non-specific
endonuclease during step (a). In a specific embodiment, the filtered viral harvest is mixed
with a buffer comprising a non-specific endonuclease. In some embodiments the non-
specific endonuclease is present in the buffer at a concentration of between about 5 U/mL and
about 100 U/mL. In other embodiments, the non-specific endonuclease is present in the

30  Dbuffer at a concentration of between about 40 U/mL to about 60 U/mL. In a specific
embodiment the non-specific endonuclease is present at about 50 U/ml. In one embodiment,
the non-specific endonuclease is present in a buffer comprising about 1.0mM to about 10mM
MgCl. In a specific embodiment, the buffer comprises 50 U/ml of a non-specific
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Arachidonic Acid 304.5 2 Cholesterol 387 220 DL-a-Tocopherol-Acetate 473 70 Linoleic Acid 280 10
Linolenic Acid 278.43 10 Myristic Acid 228.37 10 Oleic Acid 282.46 10 Palmitic Acid 256.42 10
Palmitoleic RERPHAITH0 Pluronic F68 100000 Stearic Acid 284.48 10 TWEAAUSROPHAIBIST [0337]
Bioreactor conditions and methods: For all the experiments, the FPRs were inoculated using 1:8 split

contents érRRmagRdseeariomSHorangdanfaatanomth sFassertais e, 29@@@@@95 $Raranal viruses, ca
A/Urugua%, ca A/South Dakota and ca B/Florida. Several FPRs were run at identical conditions to

ensure r ness of process and capture variability. 5 First 3 experiments were performed to

compare the megiom exianeg (MHrane e REdHR-IEHARARINRIVES, PReGRSSgsSifle-by-side
using one of 2008/20Q9 virus for each experiment. For each of the first 3 experiments, 2x2L FPRs

were runSRdRIpIRsss s dnguhwed wBhdfoRL bt i rietifth Aot d i e e Pt rit¥Esatlthe time
of infectiqnypadfibemeaaiaisnareniiesied Méth doarasase Vi uscsbanswac el WitaPRAsRSS feriability.

Thus, a total of 6x2 L , , : .

about 3 hours. In still other embodiments, the non-specific endonuclease is incubated under
conditions adjusted to ensure that the virus will be exposed to the non-specific endonuclease
for at least 10 minutes, or at least 20 minutes, or at least 30 minutes, or at least 40 minutes, or
at least 50 minutes, or at least 60 minutes, or at least 70 minutes, or at least 80 minutes, or at

10 least 90 minutes, or at least 100 minutes, or at least minutes, or at least 110 minutes, or at
least 120 minutes, or at least 150 minutes, or at least 180 minutes, or at least 210 minutes, or
at least 240 minutes. In certain aspects of the invention, the time of exposure to the non-
specific endonuclease, the concentration of the non-specific endonuclease and the volume of
non-specific endonuclease containing buffer can be adjusted. For example, to minimize the

15  time needed to cleave DNA contaminates the concentration of non-specific endonuclease
may be increased; alternatively to minimize the amount of non-specific endonuclease utilized
the time of exposure may be increased. In a specific embodiment, the non-specific
endonuclease is Benzonase®. Following treatment with a non-specific endonuclease the
treated filtered viral harvest is filtered again to remove any residue digested DNA

20  contaminates and remaining host cell debris.

[0180] In certain embodiments the Benzonase treated clarified viral harvest is
stabilized by the addition of a sucrose phosphate (SP), tris sucrose (TS) or sucrose phosphate
glutamate (SPG) buffer. These buffers may further contain a salt such as sodium chloride or
potassium chloride. In one embodiment the, TS buffer contains about 2.5mM to about

25  75mM, pH 7.2 TrisCl and about 250mM to about 150mM sucrose. In a specific embodiment,
the stabilization buffer contains 50mM, pH 7.2 TrisCl and 218mM sucrose. The TS buffers
may further contain, alone or in combination, NaCl, KCI, KH,PO, or K,HPO4. In one
embodiment the concentration of NaCl or KCl is about 125mM to about 175mM. In a
specific embodiment the stabilization buffer contains SmM, pH 7.2 TrisCl, 175mM sucrose

30  and 150mM NaCl or 150mM KCI. In another specific embodiment, the stabilization buffer
contains 36mM pH 7.2 TrisCl, 214mM sucrose and 150mM NaCl or KCI. In one
embodiment the KH,PO4 or K;HPOj is present at about 10mM to about 2.5mM. In a specific
embodiment the stabilization buffer contains SmM, pH 7.2 TrisCl, 175mM sucrose, 150mM
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10bioreactors were inoculated with 1:8 split cell culture contents from SRs and infected with all three
2008/2009 seasonal virus strains with no medium exchange process. [0338] The last 2 experiments
were perforfVE&RIBAErAte more data for the performance of no medium SehARGUYASEESS for the
08/09 strains. For the 4th experiment, 3x2L FPRs were inoculated from | x2L SR and were infected

with all thige SARFSRAN{IUSPLT CRSSTRE! SRR PEIIBE AL YARA FaPliealsPRXpRIIEHA using
identical conditions. The experiment was %ek&eated in order to c’fzgure process variability in order to

access pBHEFHRANEE L HHEMY FHEER R 2 RENYHEERBeesemM KolB8)rRd o Shditttised for

infection gngdhaisowse &f gellsarcto workaig iR RAEIhEXReAITBROb Pe-desslibachin Table 6.
20 25 WO 2010/036760PCT/US2009/058157 Table 6.Virus strain and cell source used in Final

Productioh a8 68y R IERS) dnseidte cBItie BB AS R R E R U REITS A IATCPERLPRPR 1. 1. 1ca

AlUrgiguabfaxPeidmeine e RERRIR ddbdca ANt auaydtPR2.2.1ca A/South Dakota Experiment 2
FPR2.2.2ca A/South Dakota SR2 FPR3.2. Ica B/Florida Experiment 3 FPR3.2.2ca B/Florida FPR4.3.

Ica A/Uruguay! B HrinlB SR SEbedimes s el disis st Breans Surriee e prs 4o ca

AlUruguay &xpenisaent »omAdriiddihdma adtetthiakaia/ R - 3ceh&idonidpel@add SeadrReactors
(SRs): For all the experiments, cells were %rown inﬁsqeﬁ%%bioreactor at either 2L, or 5L scale using 2
S *@DI‘

g/L of CytBads MieRoEAH PO AR SEM Y58 (e MAIAMP rad® Efé#ents A, B and C

(MediV S ddimentsEhe R adiVuaislat 08 megisin thesampasitiare ¢lidadiy. SFMRS with trace
elements A, B and C is nearly identical to MediV SFM 109 media, with the exception that MediV SFM

105 1 mSERRTIIRNY i IEHRAS MBS I HRE80E8E hBluerdntratiariaiedeestiif
selenite. Thetpgiusesamod gliamseicontensations waie &0 GE andidpitiespastively. The
vessels were 'noculalted at 1.35x105 cells/mL for ex 1reriment 1to 3 and 1.8x 05rcells/rPL for
experimefité %8%.%??@%%@8?\%35 &%&ﬁ%ﬁ‘&%&%ﬁﬁ% iR &kt Bp (&n8ta combination
of pure oxggem s26d. Nihascapaniintant @iablaatd Qpsndmgldiettviartial wasplvidlsidad utilizing
both GO e R T A e e T g R 0] PRe Y e xpeiment |
15 [0182] In certain embodiments, the clarified virus is first concentrated by UF and then
the buffer is exchanged by DF. It is contemplated that the exchange buffer may be the same
or different from that present in the viral harvest. In addition, the exchange buffer may be the
same or different from the final formulation buffer depending on additional buffer exchange
steps. In one embodiment, the exchange buffer is an SP, TS or a sucrose citrate buffer at a
20  neutral pH. In a specific embodiment the exchange buffer comprises about 7-25% w/v
sucrose, thus providing a low to high range of sucrose of about 100mM to about 800mM. In
one embodiment, the exchange buffer comprises NaCl or KC1 at a concentration of about
ImM to about 150mM. In another embodiment the exchange buffer comprises TrisCl at a
concentration of about 2.5mM to about 10mM. In yet another embodiment, the exchange
25  buffer comprises sodium or potassium citrate at a concentration of about 5.0mM to about
50mM. In one embodiment, the exchange buffer comprises potassium phosphate at a
concentration of about 5S0mM to about 150mM. Examples of specific exchange buffers
include, but are not limited to, 5SmM TrisCl; 7-25%w/v sucrose; 1mM to 150mM NaC(l,
20mM sodium or potassium citrate, 7-25%w/v sucrose, 150mM NaCl or KCl; and 100mM
30  potassium phosphate, 7-25%w/v sucrose, 150mM KCI. In a specific embodiment, the
exchange buffer comprises 25%w/v sucrose, about 100mM potassium phosphate buffer and
about 150mM KCI, pH 7.2. In another specific embodiment, the exchange buffer comprises
25%w/v sucrose, about SmM TrisCl and about 150mM NaCl, pH 7.2. The exchange buffer
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15and experiment 2 were 2 L and 5 L respectively. Both were equipped with one marine impeller and
agitated at 175 RPM. The working volume SRs for experiments 3 and 4 was 2 L. Both were equipped
with 2 Light€N@#PERAHAnd agitated at | 75 RPM. The impact of impeller affdT38H%818Me on cell
growth and metabolism is neglected for the scope of study. For the first 3 experiments, SRs were

inoculateghiibBreas &8lIsEMitodif QI dpsadRaeh auchelian el Opawiiativh ehRfgsmqeeriment 4 and 5

were inoculated at 30 cells/MC. The experimental design describin% each FPR with its respective SR

is preserfetk TABRYE dndaide pbesheosiemanty atsrastHisdinm fRHECN fifRach SRs. After 4 days
post seeding, {oas¥} W SOHR/O3666RRGE/ 220031008 Lerd agitatar ioasflevpanddd.6: and

temperature controls of SRs were switch off to allow microcarriers to settle and cells were washed and

trypsiniz&d A BRE PSR RS hivig ol IR B BRI P b HOR S ERHIEF S AIBRIERING hHS

essentialiyas(detaiatbheloniaheTr xapuiEip yidbaihens eBlion the vorlaw rddr contgntsrof SRs were
trypsinized using B2B 5transfer protocol as s&%cified in Table 8..10341] Final Productijon Reactors

(FPRs): #Hebutisy rechaes Byiafilg anah Hﬁﬁﬁ%&*?fﬁ@%@%&ﬁé%ﬂ& YIRS IBRRSS cell
inoculumpyefRd$9dde- irertiatedhnemRRs aihne Bulit vk ditd fiemslisdp, bepoR sy etepgrown in

MediV SFM 110 medium containing 9.Q g/L glucose concentration. 2 L FPR glass vessels were

equipped AP HAAS TP RAGKE L A1 B GREILY SE OB HRHRPTRe 15 8518, PRBITHELS U 8% air

saturatiofegongisijac mitbetatal Nawrstiateatabh VBN WinPre EDpstanidataltHewiedidl sfldein was
maintained where supl[oly of JENgas was calculated from 02 and CO2 gases (N2=40-02-002). The pH

contfol Wi AR ARy BesHE SBusHa PRSRRORerREiCthel PRENSHS saHibakaRe during the

growth aagphfactiantphssgavassaohiiliebeatdecanth3ang theespactvelylct benvpiss sti@ivfor FPRs
15are Iis%t)ed in Tahle 6 and process conditigns durin %owth and infecti%n Qf\s for the FPRs are
listed in PAORS SRXRiEr SULH Re %?O%O(géf BHAMORL BB e YAIIHINES #ficose (g/L)

Initial cellglsmigroatatiiets: (isefinatWetkiogdalismen(b) Migsdorariei(Meitoatentratian (g/L)
Do Qe O it Temperaie (0] Inpeler cuariy spe Aateton M) g conel
15  utilizing a column process. In certain embodiments, the conditioned viral load is purified by
column chromatography.

[0184] Following either the chromatography step, if performed, or the buffer
exchange, the concentrated viral harvest is subjected to a sterilization step. In one
embodiment, the sterilization step is a terminal filtration step. In one embodiment the

20  termination filtration is DFF through at least one membrane having a pore size 3 micrometers
or less. In a specific embodiment the filter is a dual 3/0.8 micrometer membrane. In another
specific embodiment the filter is about ImM or less. In one aspect the filter is 0.8, 0.65 or
0.45 micrometers.

[0185] In a specific embodiment, the method of purifying respiratory syncitial virus

25  from virus-infected cells comprises the following steps:

a. clarifying a viral harvest comprising;
1. filtering the viral harvest by direct flow filtration (DFF) through at
least one clarification filter having a pore size of between about 10
micrometers to about 3 micrometers;

30 ii. treating the viral harvest with a non-specific endonuclease;

iii. filtering the viral harvest by DFF through at least one clarification
filter having a pore size of between about 3 micrometers to about 0.45

micrometers;
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2 250 7.4 37 1/ marine 175 With 1N NaOH and CO2 40 SFM105 with Trace elements A, B, C
Controlled Quantity SR2SR3 9.09.0 22.530 52 22 5050 7.47.4 3737 1/ marine2/ lightnin 175175 With
AINWith 1N NECHLAHRYOH and CO2CO2 4040 SFM109SFM109 SR4 9.0PS§ V2894958137 2/ lightnin
175 With 1N

b. stabilizing the clarified viral harvest with sucrose, phosphate or Tris buffer
with salt (NaCl or KCl);

c. concentrating the stabilized viral harvest by tangential flow filtration (TFF)
and performing buffer exchange by diafiltration (DF) using a hollow fiber

5 cartridge with the molecular weight cut off (MWCO) between 500 kDa - 0.1
um;

d. filtering the concentrated viral harvest by DFF through at least one
clarification filter having a pore size of between about 0.8 micrometers to
about 0.45 micrometers;

10 whereby the respiratory syncitial virus is purified from the virus-infected cells
and has a final viral infectivity titer of at least 5.7 logi;o FFU/mL
[0186] In another specific embodiment the purification method comprises a step of
purification by cation-exchange chromatography following concentrating of the viral harvest

and buffer exchange.
15 6.6 Vaccine Compositions and Methods of Use

[0187] The invention further relates to viruses (e.g., influenza or RSV) which are
obtainable by a method 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.,

20  treated with detergents of formaldehyde). Optionally, a defined viral component (e.g.,
protein) may be isolated from the viruses by methods know to the person skilled in the art,
and used in the 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.
25  6.6.1 Influenza Virus Vaccine

[0188] The formulation of intact virus particles (e.g., live attenuated viruses) may
include buffers, amino acid excipients (e.g., glutamate, arginine), protein hydrolysate (e.g.,
collagen, gelatin), chelating agents (e.g., EDTA) and preservatives. Buffers useful for such a
formulation may contain 200 mM sucrose and a phosphate or histidine buffer of pH 7.0-7.4.
30  In certain embodiments, the formulation of intact virus particles comprises amino acid
excipients such as glutamate and arginine. In certain other embodiments, the formulation of

intact virus particles comprises stabilization protein hydrolysates such as collagen or gelatin
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NaOH and CO2 40 SFM109 WO 2010/036760PCT/US2009/058157 Table 8.Trypsinization conditions
using bead to bead protocol Steps Specifications and Set-points Values Units 1. Remove Media 80

2. Add 0.5MROPARASES wash solution to the original 80 working volumé G/ RS BYitation to
original setting 15 5 min 4. Stop agitation to allow MCs to settle down 15 5 Min 5. Remove media

and DBP& 80 pbrcddpisemVaiad A¢ARDS washsmibeniachalf dkaainahiarbnsietumass0 7. Set
agitator speed 250 RPM

10

15

20

25

30

particles can comprise live viruses 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 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
WO0/2005/014862.

[0189] Thus, in certain embodiments, the invention provides a refrigerator stable
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 in a phosphate buffer); 0.01-0.1% glutamic acid (monosodium, monohydrate); 10-
150 mM potassium phosphate and 80-150 mM histidine.

[0190] 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): 0.01-0.1% glutamic acid (monosodium, monohydrate);
1-2% arginine; 1% gelatin; and 7-10% sucrose in a phosphate buffer.

[0191] 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.

[0192] 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;
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
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8. Start the DO and temperature controls to original settings 50, 37 %, C 9. Adjust the pH setting on
controller 8.0 pH 10. Add 10x TrypLE Select (X of remaining volume) 0.05 X 11. Time for
trypsinizatio 830 1RO Table 9.Final Production Reactor (FPR) Process EoRUitte/ Patameter
set-pointsFPRs Final working volume (L)2 Final microcarrier (MC) concentration (g/L)2 Cell

sourceB2R SRISALIGHRLSAbINS SIGRCUHERRAR! REaY RhRad ARRINRIRA(ML)4 Dissolved
oxygen50 %}ZéJH controlWith 1N NaOH and CO2 Agitation%@PM)l?S Final growth media glucose

concentratio Y0 (oAl R AR te pResRdiET o oM AP T 1 roet R tinipekalisatec)33 10x
TrypLE sgeetncongRIN Ptk QiBcckie %el /Goptrisis aqeRpHatediFasiduring ghmbead to bead

transfer process. Accordingly, 125 mL post bead to bead is equivalent to 250 mL pre bead to bead.

103421 AQKHEA PhosRRfirdaornhiny s AMBItAG OF the vessels were performed. Cells were counted

using the Nuclapeaynter. asthdhgiagrrprhaiveradakenusipd v icreseras iy isagificagien to
examine cell morphology. §H, p02, pCO2 and concentrations of glucose, lactate, glutamine and

ammonid? SERENEHATHG GaiRFaLRyL RISV BIBTSGRTRRAHEND): 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

10 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

15  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
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.

[0194] In yet another specific embodiment, the vaccine formulation comprises all of

20  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

25 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 0.48% w/v.

[0195] In another specific embodiment, the vaccine formulation comprises all of the

30 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
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WO 2010/036760PCT/US2009/058157 Analyzer. A pH re-calibration of the bioreactor was carried out
when the difference between the online and offline values was higher than 0.03 pH units. Infected
samples weY¥OstaHHZ6& Nvith 10x Sucrose Phosphate (SP) and frozen at -8BETMAMANATIEH. The
progression of the virus replication was analyzed by measuring the viral infectivity by Focal

FluorescepdAygsa bblmone seentiatinasAasaansd Relpses al0SABe Foeal mblaraseentAssay (FFA):

MDCK cells_arc grown in 96 well plates in MEM/EBSS+ IX ngn-essential amino acids + 2 mM
glutamind BN/ QU EIRTF SPTWOLELE SBeSy; E:8B o IBEENALERE (WAV¥AFNiSe VGM is then
removed apgbiiri iR Washedwiith freshiy M, felimyest ininRedap it .00k virus inoculum
(e.g., ca 10AlUruguay, ca A/South Dakota and ca 13/Florida0) that is serially diluted e\.}?., 10, 10-2...
10-7) in \gélﬂﬁl%ﬁéfqﬁg%%?ea%ﬁl%ﬁ’é’ﬁr%é?é&tﬁ}@r-é@“ﬁ?%s&tl 3W1V@@2%AU@@§95§@§P &SHilution is
inocylated fguellsdpiueguRRicisatoMRhisRad ag fohapPrxigaéelvid SmBOdnaUrs, #33 1 C, 52 %

CO2 the cells arc immuno-stained with anti-influenza antibodies to determine the virus titer of the

samples XSSPy T8 LR IRWRY BrBe S BOPRYHR PRSI T L e diLiFr I aMYh @it [Shtlses is
removed foormBAGH platasanddhen|aies araveashadmwvih2006k ovalkahRRBS feileed kydixation in

100 j_tE of cold 4% paraformadehyde for 15 3 minutes at room temperature, The plates are then
washed &it@hith 386 ghefat Ei‘)ﬁﬁ%ﬂﬁéféeéﬁfr?eor%&%m{é‘tﬂﬁ DFNden 20 (TPBS) followed by
incubation of the196ls WiitidRmARpaiBgdysReaid Iy RIENGDesIfRiEDN Bhstfamauldigh primary
antibodies arcAgO iluted to the deesé)r,ed dilution in 0.1 % saponin, 10/?%,8 : a%f 0.1% sodium azide in
1X BB HSHEAToA oL HATBRCFOIED TBHRREE 4Pd 4 EeHiE gl a@a& i8B%y&8hoved, cells
are washedlithsdae witbndafopied BBS ofad sesendannanibody kosjugatetoioot fliediaseeopdye (e.9.,
rabbit anti sheep labeled with FITC) prepared to the desired dilution in A is added to the wells.
iter incdbSIBY TAPEGo8 HHiR RS o ° fHesale ﬁ&lﬂ%@gﬁtiﬁgdﬁfﬁérﬁa\%wgﬁﬁa% plates are
washed twice @xiEBIadieg above and twice with nano water followed by blot-drying with paper towels.
The plates arc air dried yith the lids off in the dark at room temperature for at least 10. minutes.
The Hvorescerl U alS SPere SR TE SFTHRAGRBY o REce UL CHLRERSS 4 JOHY e
magpificaiampidiages cagycbertakepiusing dmaging sofiweimsuaipassthe &SI Taregramm&enerally
the central band 30 of each well is examined and all foci arc, counted and only those wells which have
a count of &8 Hl%l%nagcyf%‘ i RS EOR R TS b R R it |3f881’1‘8§ achWef'counted
and the regdpiamgssicnaastdrwaiiorn) afubses salels eiattalcutpiass\Widfered saline solutions,
2010/036760PCT, USZOOQ@)?BlS? 8.1.2 Re‘,sults'fnqd’Discussion 103441 Cells E/ereéniﬁglated
with 22.5°JHEPHD SRR PSR PR BT B L SR K SHBPS FSF GO IR UCBR DT nts Knd Tast 2
experimgnipaespactyelichFsigutidspiois-line suaidiey oeH destsityc(WCidr anditrll iabitityedv/%0) for the

SRg for all ex]}%erin%ents. At ff dgtsathﬁ?éell g?ens%ittie for trﬂe seed reactors rangl?d frqmto. t4to 1.14
millfon cARSPRT AR RIFRFCH B R CSIIHERSHY this %1%81?1%311? GO0 & HaEhES T Mt itation cell
concentraiiaimoz2lbraidada ceits/MhdesTiaslcelffdensiydabswahppattsadainguidpes) in SRs inoculated
with 22.5 gnd 30 cells/MC were 0.95 0.01 and 1.12 0.024 mill'ion cells/mL respectively. Cell viability
for all biot %%?6%%8151’aett%v%uéﬁ%a.nﬂ?t%sr’ 7 gﬁ%u%‘fucﬁﬁti{}la o> io%%ad to bead transfer with Ix 0.5 mM
EDTA - DPBS[WH8] arabiionallgyphéfsaladbiiasipeiaphetidndhdmadsrernciofitio tiypsinise cells. The
trypsinization Iastetd &10 +/- 1q minuttes with intermitter&t sam[g)lplg tq}observ cell detachment under the
microscopar ATST RbBgES0 40 AR S 1R e S AR AR b SXifata B8R DF R WS Y ched
frorf2SM Csoathd seélriares sintglenseluastdtiadjnvianks goek @e: Shpotripsmireal gellsswerasused to inoculate
the final ]é?thigre%lcﬁ)r at ) split fgﬂo ofi1:8 fﬁr %1'1' the e gri[nerits.itﬁlhe CFlllr(glr.owt folr all the FPRs
was plotteél mIi'Plgurg 9§|nede51ff1e(\9é% Srean e EPRS In %)?f)sgrlen%enp oRwere 1e82 AN 0.6x106
cells/mL ppYapenanpkthelcelbdudturedio theden ERRsienpdenide € ibngeeiagqpma@Ciese cells were

infected 5 dps instead of 4 dps. In additi the post infecti V%%Pfé were not available for
FPRs in SUBeRu s S e S M M S eellsimL. the FPRa were
infected on 4 dP398]expenendht, yadheofabilitlati@as abowdntosdedthearpRe1dusidficetitgrowth phase.

103451 The gl densiy e time.of nfectionor allihe FERs a1 ipsaided In Tableol0 Laige
variation n viable cel dlelnsny as seen. rangeél?rommtgﬁlf ST XXo6 cehsint. This'ditterence was
related tadeinsmtimyod tter vithecavbrage Yok dovboimSRsr@fandcFPRsaiscsenar dedhiods adale 1 1. On
4dps average YGD) T SR ANA EERs.5 AboUL 21,06 cellsmb ARA0 12006 celsil, o
respectively. 55 $Ebie 10) Viable Cell dens y%t intection for all FPRS flunlt: X106 cé Ps}mq_s) Runs VCD
at infectichi{kitone esliSlonkx Dapls posttseecingRRRzA. Yiftuged are provided in the range of about
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4 FPR1.1.2 0.98 4 FPR2.2.1 0.56 4 FPR2.2.2 0.66 4 FPR3.2.1 0.68 5 FPR3.2.2 0.44 5 FPR4.3.1 1.09
4 FPR4.3.20.69 4 FPR4.3.31.07 4 FPR5.4.1 0.51 4 FPR5.4.2 0.51 4 FPR5.4.3 0.44 4 Table 11.
Average viaBi@ t¢IW8&shy for all SRs and FPRs Average 4dps VCD (x106R&Nd/MP9058+ahe VCD at
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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
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 acrosol (greater than
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
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,
orthomyxoviruses (including influenza A and B strains), paramyxoviruses (including RSV,

human metapneumovirus and parainfluenza), rhabdoviruses and flavoviruses.
6.6.2 RSV Vaccines

[0200] In one embodiment, presented herein, are methods of eliciting an immune
response in a subject, comprising administering to a subject in need thereof an effective
amount of an immunogenic composition described herein that comprises a live attenuated
purified virus (e.g., RSV). In some embodiments, the attenuated virus is a chimeric virus.

[0201] In a specific embodiment, presented herein are methods of eliciting an
immune response in a mammal (e.g., a human), comprising administering to a mammal in
need thereof an effective amount of an immunogenic composition described herein that
comprises an attenuated RSV. In a particular embodiment, the attenuated RSV is
rA2cp248/404/1030ASH.

[0202] The immunogenic compositions described herein that comprise a live
attenuated purified virus may be in the active immunization of a subject. In one embodiment,
presented herein are methods of preventing a viral infection, comprising administering to a

subject an effective amount of an immunogenic composition described herein that comprises
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infection (x106 cells/mL) SRs w/2, of 22.5 cells/ MC0.95 0.01 SRs w/ 2. of 30 cells/ MC1.12 0.024
FPRs with no MX process0.73 0.026 5103461 After trypsinization, the cells in FPRs attached to the

microcarneM@a8¥A86 ¢lhs and then began to proliferate on the surface of B¢ HRRRILARSIST beads.
Most of the microcarriers were covered with cells and only some beads remained empty (no cells

covering $h& Deres) My IRsEelHmorehalogycias ririak itnabimexResimenigeRhatagdiaps
showing typical cell morphology on 3 dps and 4 dpi are presented in Figure 4 10and Figure 5,

respectively.ChiMBEA1&n 4 or 5 dps, the FPRs in experiment 1, 2 and 3 were infected with ca
AlUruguay, ca§s89pthiPakets; ApehBoldtiaridasesraatbiely. s inkinialastion-Ocaan oh R&TrpLE

select was added to the cell culture medium.. In experiment 4 and 5 individual FPR was infected with

one of thifRrHAs EQUYNLTLE ARIBISKARG AP EADISE 5th DARBEDACES o B AR % B0 FFU/ML
Figuse 6 ghewadbatipesipiiiadiersyyialeasheheyeanant dtdhruisdasifiertsn (hpi).

Moreover, the virus titer remained high thereafter until 92 hpi.. 103481 The average virus titers for

each virus‘stPaA%/pes 18 RTHEHZMRCABRY 2 FregtivRrated R B8 nd 8.45 logio FFU/ML for at

AlUruguaw xa243ee1h Bxkgtg and ea WO 2010/036760PCT/US2009/058157 B/Florida, respectively.

This is in line to or above what was observed for. these virgis% when 67% medium exchange was
LR

made. 0349 AMtitidi s 'BVBEAARERLS COBTROSEIRSNAEHFT S DRSO 505 strains (ca

AlWisconsigdg A5 pdricrAWHIMGHRY bea et Rkblidoand cadbifecsnsprrdseed Susing the 67%
medium exchange process (performed essentially as described in International Patent Publication WO
08/1 8595 MUHESUMBFS TSV RTEUR HS e %@ea%aa%om é%%@?%@&l@géa}&iauy as

describedahpvaprhtRast iR dtinsnael ehpridoun efiion rashqapcesSsmanthathairsniccan be seen from

Figure 7 that the peak viral titers for each strain are comparable between the 67% medium exchange
and the rF8W%%§?&HPé’>?éﬁ§h@‘Se FS&g?.t f@%@eaé.L&er?ﬁa%uﬁ@bww%%&%rlaéeﬂlsirus strains for

the FPRsmYidisnstiginihveragepaakryusditairan QhsUimnbsRefkcianeditay (grijdNedof FPRs ca
A/UWQU%/ZG%I? é%g cr)IZet gdsofglrsighﬁ))itznligcg l'{ag%ollljl ea%%?tgg§r983g8é m(%n(l)s‘igeréllr)l(é I‘Eo a mammal

15 (e.g., a human) an effective amount of an immunogenic composition described herein that
comprises a live attenuated purified RSV. In a particular embodiment, the attenuated RSV is
rA2cp248/404/1030ASH.

[0205] The immunogenic compositions described herein that comprise a live

attenuated purified virus may be used to induce an immune response that results in a

20 reduction in virus titer in a subject. In one embodiment, presented herein are methods of
reducing the titer of a virus in a subject, comprising administering an immunogenic
composition described herein that comprises a live attenuated cell-associated virus. In some
embodiment, the attenuated virus is chimeric. In a specific embodiment, presented herein are
methods for reducing RSV titer, comprising administering to a mammal (e.g., a human) an

25  effective amount of an immunogenic composition described herein that comprises a live
attenuated RSV. In a particular embodiment, the attenuated RSV is rA2¢p248/404/1030ASH.

[0206] In some embodiments, an effective amount of an immunogenic composition

described herein reduces viral titer by approximately 2 fold, preferably approximately 5 fold
or more, approximately 10 fold or more, or approximately 20 fold or more in a subject

30  challenged by the virus relative to an untreated subject. In certain embodiments, an effective
amount of an immunogenic compositions described herein reduces the duration and/or
severity of one or more symptoms associated with a cell-associated virus infection in subjects

subsequently infected with the cell-associated virus relative to untreated subjects. In some
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ca B/Florida/4/2006 8.45 0.25 3 4x2L  [03501 Medium exchange is a major operational step in
current cell culture-based influenza vaccine manufacturing process. Many efforts have been made to
eliminate m&AAKRLEHEAge prior to infection since without medium excharkfete39P39aBIfTy of
microorganism 15contamination will be reduced and more operational friendly processes can be

implemenigdodiftiaughia seeias ehisixe JNgnaatiRne s W baipoReshuBsexehangR e process
performance data, more specifically, cell detachment/ attachment, cell (growth and virus titers were

collected RS 588 SHNE Yeprfabiigest s hrsansatuielsnisd b ths rddshrgumie RaskRity of inoculating
FPR with,gelsdiregjetaken out of SR using a new bead to bead transfer 20 procedure. Three virus
strains namely, ca A/Uruguay, ca A/South Dakota and ca B/Flor da were each produced four times

with no mediuh?2%bhah e BHBHIGSARCSBRPRITRI GRtRTIRES Heaei Bt ComaTS Adi¥hed up to 1 x106
cellsimL pcAdRsiPuSiRsPIELB AR B sIRIWIRAS DR B SaiT Bt Select anmhis R Tivoaudde

accomplished successfully with effective (>90%) cell detachment in seed reactors after 30 to 40

minutes BFEYAahis 406 AuBLR L fRotd Rehrigiste aldRtesbulfe SPHhRdtRERHA beads and

reached avafags:ME-ohpboitbl. dssxdb& srits/iid Atcthaine aflinfestianaRaaleNingsodtersifor ca
A/Uruguay, ca AlSouth Dakota ?nd ca B/Florida fﬁéf“ the FPR_runs with no MX process were

8.70.05, SIBRAHRAG SAEHGHY s/ SHPIFSE PR dv AR 5K STV SRR oS M BFEA b FR-line with

what was, ggaarallyraisdindest fon theninegstiatsmpibitiba 8% BeidivrpieXEncngepisrRe NWoe
2010/036760PCT/US2009/058157 Figure 8). The peak virus titer for-aégv%reas types was greater than
8.4 18ga, EEUIT RRASEFEANRIEIMYGENoh Bttt BASH e BY# HhSIAXRPNME process

describedhifgsigols. divenyarebuisi RroES®Sn ek dniftdmiac: RIS & eACRpY Sn@AiUIB 2agents and can
reduce the Iikeljﬁﬁg? of ﬁontamination. 58.2 Alternating Tangential flglw C%\TF).process 103511 To
facilitate in sitd exCAS TR HBESPAG CRSPE ML RS A ey RIS B S QRRE S A5 B manufacturing
processegtdfinged pirific@) iMashapistocanisiadr o)l pxahange cpleoidise edirnfocedture

arate the production cells.from cell. culture-produced biologég Is, vaccines and

vessels; and c)

oter matt A FESH R TR T BB R S RO Bl S B AL O shion. s
showgn inifmigiuie déhibednipseiariiasaditi presedttndhehysastado agsaiterianicrpbacndn fektizatian or after
media exchan?e Ftéjri er more, as }s}Fown in Table 13, ﬂiﬁ use of ATF cougI%d Wit&%ge t flow filtration
during vifal B4 \Pefsat LRGBS %Wli’n%rrétégléli Ho ec‘élﬁuﬁr Eé]i'ﬁe{ﬁsﬁ 3¢ Lot 0éresent in the
harvest ataheadpiag porfifdtproadedt. (Ao viakleflidtdrtest DNA and Protein In ATF Produced Material ca
&Malaysia Lot; 7-60 12000s-1, 7OLMH DNA (ng/mL) by Picogreen .. [0352]This example
descrives the MOUBbodE BaSpArATHRE s oL RSB SR SRR AL wiized ATF
and conteiniprisey/hitihcdidonohtRER S €ntalivaRgO{3HeA! B30 ASaDdn s thaligarvde iseddn the
pro§§ss are dtetai edinT Iet 4 and Ta?le }5. ﬁo Oft ourse, other ?chuipment and reagents which
perform sle%Par?f} rﬁlgﬁlagemo% 10 Oarﬁyp Subsiittitea HefeM Bhd™y, 8g}ﬁlcelrln’en i%ntl)lluboa%?%ﬁlar brands or
types of equiposgivnaddaebgehiscan duddcooisconsireiedeasdiniiRMu@ess specifically indicated to be
so. The ATE s Vj .efficient means foy fractiongting a mixture qr suspension cells,
o S R s S T e
shear, 25tgsydesitiaddloynitdieh Lefd dysistndorddies ihenmesdisitaseyrdininguihelprocess. Since the

WO 2010/036768PfCT/U82?O9/0 8157 nH’re process is enclosed the A'I.'F sydstem ca(\irhbe used for
1rnr:{1u1%o ? 1c%ency. 1.4n0tner Cmpo lgl Ilt, %Il 1Immuno nl{) COl’IrTIPO&I 1017 P'SCI'lbe e&‘%}n .
pre and post-sterilization-of microcarrier bead washes, pre-infection media exchange and during the

har2ést ptatessaprisesfitiatioattsysierd RONS(stg. of A2kpRibiidpdsEEronSHhat chnimscepd either a hollow

fiber fiItreﬁionr{aT%d&gf or scrﬁlenednfﬁm ule ]:or fractionation. of Iar%er. arti&les (%%thaSS icrocarriers.
I

|
U Cr. 8 %Il% er C odiment, an 1rnrnulnogen C com’ ?Sl 10N dCSCrl ¢rein tha
The housmg IS poslitione etween the process vessel ofFa bioreactor at one en

comprises a live attenuated RSV (e.g., rA2¢p248/404/1030ASH) is administered to a human
child. In another embodiment, an immunogenic composition described herein that comprises
a live attenuated RSV (e.g., rA2¢p248/404/1030ASH) is administered to a human child in
30  school.
[0210] In a specific embodiment, an immunogenic composition described herein that
comprises a live attenuated RSV (e.g., rA2¢p248/404/1030ASH) is administered to a human

1 to 24 months of age. In another embodiment, an immunogenic composition described
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and a diaphragm pump at the other end. The vessel serves as a storage container for the content to

be filtered. A filtrate pump is used for controlled removal of the filtered stream. The unfiltered material
remains in tIOIRPBOTATF is a pulsating, reversible, flow of fluid, back andPfoFtHSHERMERIS process
vessel and diaphragm pump. The pump is partitioned into 10 two chambers with a flexible diaphragm.

One of the RUMBARBMPESSSENRS: ASnAdIgHIR SESRIYOIFADRBRGIaRa IEIN ) RiQeasirssg! through
the screen module. The second pump chamber is an air. chamber that registers with pump flow control

system. 19 BiBHMATLO MR MBantuMGsor Boihpratismbad M D AP EHARHSSIS FOFRRYUE Re pressure in
this chanyResipbative dm et RIRPESNRSER. atRisugidIRgY (e, air Lhambenonvespigrpdycing the

volume in the 15 liquid chamber, in the process driving the liquid content from pump to process vessel

through tWé@FF%@&J@%@FBV%HPBE&H #feé8Ereen module lumens generates tangential flow in
one glirection. [pggigelyn wibtislighibaprestluizachiessehel dnHéRriNAiba BEChambeido an

exhaust or vacuum, the pressure in the air chamber is reduced relative to the process vessel and the

liquid flowSRHPBE$OHY trdteRedsAB e iduid/ cHnbr SHHE LMD Gerlrinise 56a el flow in the

other/direwﬁi@ Rad %w%&é?ﬁ@ﬁeat@dnglﬂm 1. Mau%iaiﬁlmrﬁ@ﬂgﬁmﬁnwﬁbgeﬁic f
2010/036760PCT/US2009/058157 Table 15.Equipment List Equipment Tanniaflurer octet Bio Safety
Cabinet m%ﬁw@r%{é@ﬁ?f@%@%@%@ﬁﬁ%ﬁ?ﬁé}%ﬁsm%éﬁgmemrRcvco SG-600

1235 311 bJ25a@6+94A36 084S HS S Gethfapiiiar navatis{y a0 0h3th Musteatbodiitnt, Mid 293-0000
Tubing WelderTcrumo SCD 1|B 72721T %l(ijclei),C%?settes(her 12%3-0100 Roller BoEtIe IncubatorBellco

7 63](9-803%?8&?&85%1?8%?}Q% 89%%19 I{}ﬁ{B}n at comprises a live attenuated RSV (e.g.,
rA2c¢p248/404/1030ASH) is administered to a human in a nursing home. In another

embodiment, an immunogenic composition described herein that comprises a live attenuated
RSV (e.g., rA2¢p248/404/1030ASH) is administered to a human that lives in a group home
(i.e., a home in which 15 or more human subjects live).

15 [0212] In a specific embodiment, an immunogenic composition comprising a live
attenuated RSV (e.g., rA2¢cp248/404/1030ASH) is administered to a human subject (in a
specific embodiment, the human subject is a human infant, a human infant born prematurely
or a human toddler) before the RSV season, typically November through April in the
northern hemisphere. In another embodiment, an immunogenic composition comprising a

20  live attenuated RSV (e.g., rA2¢cp248/404/1030ASH) is administered to a human subject (in a
specific embodiment, the human subject is a human infant, a human infant born prematurely
or a human toddler) during the RSV season, typically November through April in the
northern hemisphere. In another embodiment, an immunogenic composition comprising a
live attenuated RSV (e.g., rA2¢cp248/404/1030ASH) is administered to a human subject (in a

25  specific embodiment, the human subject is a human infant, a human infant born prematurely
or a human toddler) before and during the RSV season, typically November through April in
the northern hemisphere.

[0213] In certain embodiments, an immunogenic composition described herein that
comprises a live attenuated purified virus does not result in complete protection from a viral

30  infection, but results in a lower viral titer compared to an untreated subject when challenged
with the virus. In certain embodiments, administration of an immunogenic composition
described herein that comprises a live attenuated purified virus results in a 0.5 fold, 1 fold, 2

fold, 4 fold, 6 fold, 8 fold, 15 fold, 25 fold, 50 fold or greater reduction in the titer of the virus
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2L BioreactorApplikon Z611000010 IL BioreactorApt Bioreactor DO probeApplikon 201002352 Rio
console Applikon ADI 1035 Bio ControllerApplikon ADI 1030 Hioreac to r pH probeAopi 0010235 10
Lipseal stirr®¥Q3stvidty#oplikon Z5100002M0 Tubrng WelderTe vino SCBAHYRGP71P815'Nova
Bioprotile Analyzer Bioprotile 400 1.17teriSialrie* ATF2 with C26 controllerRefine Technology

ZZ ATF2iM&i& ko an (P3R3103rarsReding-Rrapaatioasy A fhdna be Htiizad dptamnriasess in which
fluid is removed and/or exchanged from the bioreactor. For example, the ATF system can be used to

remove tASBIBELUAIA 28I IMBHAeRs i PRRRs iR srersibsA her PR A pridPts &ri¥ation Sof the
vessel angiafafter Hiesaetadiauing 9Rps 1erdvli SYSem oo PR usegtatemavetibe iR R Siwash

solution and replaced with Complete Growth Media. Table 16 shows the ATF contrql se%tings utilized

during fiLRd BRCAEJE MIBr R dRHBHISHdistRRHuRReR. ghallenged with the virus. Benefits of a

5  reduction in the viral titer include, but are not limited to, less severe symptoms of a viral
infection, fewer symptoms of a viral infection, and a reduction in the length of a viral
infection.

[0214] The immunogenic compositions described herein comprising a live attenuated
chimeric cell-associated virus may be used to induce an immune response to a non-viral

10 antigen. The immunogenic composition described herein comprising a live attenuated
chimeric cell-associated virus may be used to deliver a protein, polypeptide or peptide of
interest to a subject to prevent and/or treat a disease.

[0215] Many methods may be used to introduce the immunogenic compositions, ¢.g.,
vaccine formulations, described herein, these include, but are not limited to, intranasal,

15  intratracheal, oral, pulmonary, intradermal, intraperitoneal, and parenteral (e.g.,
intramuscular, intravenous, and subcutaneous) routes. In some embodiments, an
immunogenic composition described herein that comprises a live attenuated cell-associated
virus is administered via the natural route of infection of the virus. In a specific embodiment,
an immunogenic composition comprising a live attenuated RSV (e.g.,

20  rA2cp248/404/1030ASH) is administered intranasally.

[0216] In immunization procedures, the amount of an immunogenic composition to
be used and the immunization schedule will be determined by a physician skilled in the art
and will be administered by reference to the immune response and antibody titers of the
subject. In a specific embodiment, a human infant, human infant born prematurely or a

25  human toddler is administered a dose of an immunogenic composition comprising a live
attenuated RSV (e.g., rA2¢cp248/404/1030ASH), wherein the dose of the immunogenic
composition comprises approximately 125 to 200 FFU of the attenuated RSV. In another
embodiment, a human infant, human infant born prematurely or a human toddler is
administered a dose of an immunogenic composition comprising a live attenuated RSV (e.g.,

30  rA2cp248/404/1030ASH), wherein the dose of the immunogenic composition comprises
approximately 125 FFU, approximately 150 FFU, approximately 175 FFU or approximately
200 FFU of the attenuated RSV.
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1. Prepare Cytodex 3 microcan-ier and weigh desired amount of Cytodex 3 (49 for 2L bioreactor and
102 for 5L bioreactor) and transfer to cleaned sterile 10 bioreactor and hydrate in 50 - 100 mL of IX
PBS per graPa0h¥&Hs Mo less than 3 hours or overnight and washing withBtdsHSPHEE IS vashing
steps can be done with the ATF using settings detailed in Table 16. 2. Attach tubing and filters to all

free headplate[ports. In som3efBBMRLRONSQRRR ST RIGRIRIRs densalibrasiaiisalanpfainplarization
(Note: ISminimum of 6 hours). WO 2010/036760PCT/US2009/058157 4. Calibrate pH and DO probes

accordingRBr MRS frct PerOiREF L RGid HE Gt areied Bothécassenmsiee BidPaadsP Making sure that

the tip of {hg RioRe.tstsWaBraeHh DA g AARBRRIeadyRresaRiiNNe HeaaiPiodassel 1Add more
DPBS to the reactor vessel if necessarg{.ﬂéﬁs. Autoclave the entjre unit at 121C for 30 minutes at 15 psi

in the liqdRMS/SMRLYIBRS. dhidlastiedf Sl EBBIresAMs GAHEBEPr stce MDA BRAd the stirrer

motgy. 7-11?6'1%@%&[!8@@{6 Irmernal B@@ﬁ.bﬁit@@e‘éﬂﬁm%ﬂﬁdﬁﬁéﬂﬂ%mw&ﬂ@nt@ﬂtf%ﬁ%@&ﬁUVe
reactor vessels. 108. Batch media a day before inoculation (seeding) a. War desired amount of

cell growfR RO QE e RHOG OPPER SR LYn! hret@ 700 fiktd phHive attﬁnB%ﬂsT 131 Ve HPBS from

bioreactaiAfpeppaisesduain NS Hy teeativelistersd the Adiasyisinm, o kiaimtheaPiamwash solution and
replace with CGM using 155ettin%s detailed in Table 16. c. Wash bi_ads once with fresh, warmed CGM

with the RIRSHARGLp human toddlgr £ saogthy ARsto RS SreRise dHeT MG R I BREBRIYS i) Turn
on agitatigsgeRifnteckfipag IFILOFMIBHEESve attenuated RSWUIA OffraQiéptiosy40allovoisHheads to
settle and drain outahe supernatant. 20d. Add desired volume of CGM to bioreactar. 9. Turn on
aeré%on,afwfﬁ&}sm dBRIRPARG SRR 1SBOBGIRIg-Boeerd 49sn QbR SR RLUTREWS: pH = 7.4,

temperateseposition B&xipriffig asIsERIaifane dRd aticrek DRI €AW HIFEAeH00sAXSHPM
Generl e TR st O A lcone o el Bl S ol and
controllefandiidponitcadipwitae etyasind 05areF3Ror ik, i fonuakRgWolmes between 2 to 16
Prossure Aot RO A0S HUTORS AT AP el g 48PS BYETEIAN S £ ERRIR S RATNA B K
15 6.7 Viruses
[0218] A cell-associated virus may be a naturally occurring virus, a mutagenized
virus (e.g., a virus mutated by exposure to UV irradiation, mutagens, and/or passaging), a
reassortant (for cell-associated viruses with segmented genomes), and/or a genetically
engineered virus. Non-limiting examples of cell-associated RNA viruses include respiratory
20  syncytial virus (RSV), measles virus, influenza virus, human foamy virus, retroviruses such
as HTLV, lentiviruses such as HIV and SIV, and reoviruses. Alternatively, a cell-associated
virus is a DNA virus, such as a herpes virus. Non-limiting examples of cell-associated DNA
viruses include herpes virus, EBV, CMV and Marek’s disease virus. In certain embodiments,
the cell-associated virus purified by a process described herein and/or contained in an
25  immunogenic composition described herein is replication-defective. In a specific
embodiment, one or more functions essential for viral genome replication and/or synthesis
are defective in the replication-defective cell-associated virus. In another embodiment, one
or more functions essential for assembly of viral particles are defective in the replication-
defective cell-associated virus. In another embodiment, one or more functions essential for
30  wviral genome replication or synthesis and viral particle assembly are defective in the
replication-defective cell-associated virus.
[0219] In a specific embodiment, the cell-associated virus purified by a process

described herein and/or contained in an immunogenic composition described herein is an
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Exhaust cycle flow 1.8 limin 1.8 LImin 2L/min 2E/min Exhaust time 3.8 sec 3.8 sec 2.7 sec 2.7 sec
Filtrate flow rate (Media exchange) 500 mL/min 500 mumin 750 mL/min 750 mumin Filtrate flow rate
(harvest) 160 PAYHBABO mL/min 160 mL/min 160 mL/min [03541 SedfifdUARYWTIBUAR: Calculate
the average viable cells per roller bottle or seed reactor and transfer the appropriate amount of cells

into glasgdead-Refiedtirephriarmesh szt Blealenid SRIEINaYR Hiilzesionhead to bead

transfer, or alternatively 35a seeding density of between about | x 105 to about 1.5 x 105 may be

used. Not&'te116 maf{ehratssliceilints Cfigtest tHRMHERY B3 Yo 4B transficadetitids 9dselises it Examples

8.3 or 8.4 helvhothe datdrhRawWRiinyHguEpIk4wWRl eroRRaidethien rllesPibUsNE hadmBIA/Trypsin
WO 2010/036760PCT/US2009/058157 protocol (Example provided in Section 8.3). After inoculation,

draw saniRe M Sl RBinlsiopriy 4 Sl HyURBEH coRtealr daths otRtldidred the

desired cgl|I0RRSHYIY 3 rds daYe RAShEMIBH IO HREIENLMHELSINFEEIRR- 2. bP aHRtsds 5% %ﬁUr expansion
are as foIIows:gPH = 7.4, temperature = 37C, DO = 50% air saturation, and stirrer = between 5about

135 to aBEe¢ s M te RO AG RGN Sed betseérea 1o apnlicatipiierial e dOf P ridtio infection

about 66%ei the SHEMjuiFERMRYas IIRRIAZED VAP letpphtaabarr idiuen( SV, DMEM/F-12,
45% glucose, 200 mM L-glutamine, 1:330 dilution of 10X TrypLE) as follows: All control loops are

turned off S MLV GRS P BESHE P ECA\we i FRHLIS o ATHBYEESR O RASSOTRBHThEH Squivalent to

66% is 1nresnavedfoaimties binceaciaranrhvielacpebwidedrasing waimesh-HMadtheaedipoints arc
adjusted and the controller loops are turned back on. Set points far.infection are as follows: pH = 7.4,
teﬁ&eratwm%d‘%%@é@p%%% FoRTHeT SHREHEHR e A S5 TBB RS rpm (for

working valvineschtivdeermisiatibttipnhaltevifshoyeadheaiy Engatdsalsettings utilized during media

exchange in pr tion simulation runs 1-3. Using the control 15settings described in Table 16 the
desired amour{(i‘%me(?rae%bm?éﬂ? o BBV BB BN g e i&rtsg E.]ﬂ%cﬁweWEﬂdéﬁ’i?ﬁﬁﬁheand not

allowing henipits aGAIRI DRPUsHoseidtdionwings binregeiticand apladacinttthegnrhyabimeof fresh,
warmed CIM. Once thg set points are reached the desired amount of virus is added. If desired a nuclei
r

count is PePLAEHHEROM

{6'hfection and the amount of virus need to infect the bio reactor is
calgulated qr exaRle291A% 200 MOT (FFU/mL) for seasonal strains or 2000 MOT (FFU/mL) for
pandemic strains may be used. Alternatively, a set amount of virus at a known concentration (FFU/mL)
is added base {022 ithe Therkintncotusdenot thethedctproSasciomexamplesifikd JB/ddbasl (Example 12 in
particular). 103 6iL Hag\{g . Atthe &I&ﬁlred time n%rally P%tﬁveen 48-72 h%ﬂs ost infection) 25the

control | aps1 Arétolrmea or éﬁl&et & icrocaicP beads are atowed 1 settie’ ﬁ\épcﬁ}gﬁsriate sterile bag
containefislattachacite he: brodkacposfeut et goal abdithd adpabtednest icorganavec bygpenstdlitc pump
o AT SefEe WD RS RIS e IR ARSI SR O s erocen
pH 20 mayfhecazkdAdatal tinélinag 4 Bay finad SGabnaendiatiogho § ¢Xmvvikeof AifElésstrtiided thgahaovest step
may be dsié?lgg&ﬁo&plﬁget%ml%nza A genome encodes eleven polypeptides. Segments 1-3 encode
three polypeptides, making up a RNA-dependent RNA polymerase. Segment 1 encodes the
polymerase complex protein PB2. The remaining polymerase proteins PB1 and PA are
encoded by segment 2 and segment 3, respectively. In addition, segment 1 of some influenza
25  strains encodes a small protein, PB1-F2, produced from an alternative reading frame within
the PB1 coding region. Segment 4 encodes the hemagglutinin (HA) surface glycoprotein
involved in cell attachment and entry during infection. Segment 5 encodes the nucleocapsid
nucleoprotein (NP) polypeptide, the major structural component associated with viral RNA.
Segment 6 encodes a neuraminidase (NA) envelope glycoprotein. Segment 7 encodes two
30  matrix proteins, designated M1 and M2, which are translated from differentially spliced
mRNAs. Segment 8 encodes NS1 and NS2, two nonstructural proteins, which are translated

from alternatively spliced mRNA variants.
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direct flow filtration step as described in Example provided in Section 8.6.3, below. Table 16 shows the
ATF control settings utilized during harvest in production simulation runs 1-4. WO
2010/036760PCHS90®9/058157 8.3 Rapid Bead to Bead Transfer ProceBS THP20e3#9BbHcentration
of Protease [03571 This example describes the processes and parameters for rapid and efficient

bead to bead gnsfr AMBEH GallsSiogRRESIOAMMAEDT hakde veshaalionanta low

concentration of protease égf.g., 0.05X TrypLE) in spinner flask, shaker flask or stirred 5tank bioreactor.

An overvIBgsst B8 5rerdsionsamepeiRbths Rijare B xmastcBBAdiRe BiLivmetseddtéagents that
can be usgebithadrpcessiaie driatiestin drBlRd KT ademéhit @chdaRIEAONAf SRMELaRINEE

equipment and reagents which perform similarly may be optionally substituted herein and specific

mention OFhAFAIHE BERISteny NI HrEhipite FRaMNA LR SRR HotBd R FARRSPEE limiting

unless spgeifigrlbidndicaied sedifcne7 HIRIRBAZE BRI eRsSIASV Bt pirstip: thetwelvwa zunggescribed
above. As noted, a proper cell detachment in the seed reactors and attachment for cells in FPRs was

observed Wi tResRsRt FcBdatamepduai D! D I Ep By durin BB 1aghRMNbsinization

using TrypidENseledtish pHBankhitsd thenbeagltec-heariNTarsiesrocess is rapid, efficient and robust.
15Table 17. Equipment List WO 2010/036760PCT/US2009/058157 Table 19.DPBS/Q.5m WEDTA -

pH8 Wash Sollftfon IPrEsarsttnt cuBs L AR ST Ad8 ADGRIE S P E LS BB BIIE BAACHH pH

(Gibto orpkisfnfnidiS@:3nt FEHNANiLAB R fse P tatiopradAXoEigish ey m LRBSrhiamiseOX DPBS
powder: Acifﬁgowdered medium to roonBrtemper,ature water with gentle stirring. (Do not f]gat water).

Rins® 5offl{At HEmE bR BRI re FBVESER 2L S5 BRMISWRRF Dt 8t BRY9¥E €8 Jolume with
water. Stifddptiddigselvedd(Renpetaver satxi vAuBNpHrohnQUB A 7ABn .M firmb ovailing pH is 8.0).

medium & A ATCRLATTEb TR GEAh ) R HOFeh RS O 60T BRI or O5M
stock EDaTifded 849 AR hANEIs0EI60) diBydiaid) ko BOG M L.oAdaiahized waier7 Add about 20g of
avoid oV THE s (LD BRSO L) P R e BT bS TSI it
deiopizeByiatdhdrader 7986 0.1 micron filter. Aliquot into smaller volumes (200mL each bottle) and
store at 100 4olgTIPefei S, O3 RGP IO PRSI R ATk ER A A g o 051
including egg-based methods and more recently cell culture methods See, e.g., PCT
Publications WO 03/091401; WO 05/062820 and US Patent Nos. 6,544,785, 6,649,372;
6,951,75, and U.S. Patent Application Nos. 11/455,818, 11/455,734, and 11/501,067. It is
20  contemplated that the media and methods of the invention are useful for the production of
influenza viruses including, but not limited to, the influenza strains disclosed herein and
reassortant viruses comprising genes of a master donor virus (e.g., ca A/AnnArbor/6/60, ca
B/AnnArbor/1/66, PRS, etc.). It is further contemplated that that the media and methods of
the invention are useful for the production of influenza viruses, including reassortant viruses,
25  having one or more of the following phenotypes, temperature sensitive, cold adapted,
attenuated. Reassortants may be generated by classical reassortant techniques, for example
by co-infection methods or optionally by plasmid rescue techniques (see, e.g., PCT
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
30  5,166,057; U.S. Patent Application Publication Nos. 20060019350, 20050158342,
20050037487, 20050266026, 20050186563, 20050221489, 20050032043, 20040142003,
20030035814, and 20020164770; and Neumann et al. (1999) Generation of influenza A virus
entirely from cloned cDNAs. Proc Natl Acad Sci USA 96:9345-9350; Fodor et al. (1999)
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for every liter of DPBS. Adjust pH of medium to 7.8 0.1 (final working pH is 8.0) if necessary. Note: pH
units will usually rise 0.1-0.3 upon filtration. Filter with 0.1 micron filter. 20103621 1X DPBS/0.EDTA-
pff8.0 Wash"¥38tHPe¥IStop the agitation, pH, DO, temperature controls PapIfeAMESEE7
microcarrier beads settle for 15 5 minutes. Remove through the outlet port 80 10% of spent growth

medium. gee,bapie2MeieyIhis prarealramaKlgd badonevusingaiieroaisna tenganial low. (ATF).

Replace with equal volume of IX DPBS/0.5 mM EDTA - pH8.0 wash solution to the culture vessel. See

Table 252808 ¥ LGRAHEH & owiFHAICE RRIG 4Ha A Be ot Dsuss i aed! Bleywiide agitation

and let NnpeEROUKICK ERPSIS $EIedDE 1883 MBIVES. (REyBDNE ot thamautiebieri B6ooh0% of wash
solution. See Table 21. Note: this procedure could be done using the ATF. Add IX DPBS/0.5 mM

EDTA - 8GR R 5 e GskBPUBEE B9 BHAsHERAG R SHUFENBIUf S G8EH4BIY 20. Set

agitagor spAREKLR, desiFedFom « 2Re plahiedk 18 Srad e SagitatRitiatan P& Anciempate gontrols.
Adjust the pH setting to 8.0, See Table 21. WO 2010/036760PCT/US2009/058157 Table 20.

DPBS/0. 81 4IEDA K Ustid g ANALH it m&AhR Aditddoh ) Ge K BSichEXIEr S HIY RidiRiRrS 2L 5L

IOL 15L VYelctarbeuepavadtehdub ih MDEr &hssed 42 PLT Malitatmasdedo(s) 26320.2 4 + 0.5
8+1 12+ 1.5 Agitation (rﬁ%né) 175175 134,134 Table 21. 1X DPBS/0.5 mMEDTA pH8.0 Wash Volume,

Agitation Y388 AMAIP HrEmm U B B & sty -2t 8idreactor working volume 5LIOL 15L Vol. to be
removedg{ly), Respiratory Syncitial Virus

10 [0225] The methods, processes and compositions herein are particularly useful for the
production and purification of RSV for vaccines. Any group, subgroup or strain of RSV
(e.g., group A or group B) may be purified by a process described herein and/or contained in
an immunogenic composition described herein. See, e.g., Sato et al., 2005, Journal of
Clinical Microbiology 43: 36-40 for a discussion of the groups and subgroups of RSV. In

15  one embodiment, the RSV belongs to group A. In another embodiment, the RSV belongs to
group B.

[0226] The RSV purified by a process described herein and/or contained in an
immunogenic composition described herein may be a naturally occurring RSV strain, a
mutagenized RSV (e.g., a virus mutated by exposure to UV irradiation, mutagens, and/or

20  passaging), and/or a genetically engineered RSV. In one embodiment, the RSV genome
comprises one or more mutations in one or more viral genes, such as the F, G, NS1, NS2, M1
(open reading frame (“ORF)1), M2(ORF2), SH2, N, P, or L genes. In some embodiments, a
combination of substitutions, deletions and/or insertions are introduced into the RSV genome.
In some embodiments, the RSV genome comprises one or more missense mutations in one or

25  more viral genes, such as the F, G, NS1, NS2, M1(ORF1), M2(ORF2), SH2, N, P, or L
genes. In some embodiments, the RSV genome comprises a deletion of one or more all or a
portion of one or more viral genes, such as the NS1, NS2, M1(ORF1), M2(ORF2), SH2, N,
P, or L genes.

[0227] In one embodiment, the RSV that may be purified by a process described

30 herein and/or contained in an immunogenic composition described herein is replication-
defective. In a specific embodiment, the RSV that may be purified by a process described
herein and/or contained in an immunogenic composition described herein is attenuated. For

non-limiting examples of mutations that may be introduced into the RSV genome to attenuate
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1610241058Si:112+1.5Vol. to be added (L) 0.6 + 0.21.5+0.53.011.04.5 + 1.5 Agitation
(rpm) 250 250 220 220 pH 8.0+ 0.1 8.0+ 0.1 8.0+ 0.1 8.0+ 0.1 Temperature 37+ 0.1C 37 + 0.1C 37 +
0.1C 37 + o€ /681809 50% 50% 5 [0363] Cell Detachment ProceduP&TANREWHR8 & Iture pH
reached to 8 0.1, add calculated volume of 10X TrypLE to a final concentration of 0.05X through the

injection ﬂféﬂzﬁﬁm&%,@lhﬁﬂﬁﬁfﬁlﬁhﬂ@ﬁts&ﬁ Rablp A2 1NeEe: A 2amalEeperiamedlea00 dilution of
the 10X TrypLE relative to the desired working volume. Throu%h the sampling port, take sample

10aliquot¥BYEX, 275 29 AnHute S uMaP Ry QR ttisatiRibiee- 281 HAR e daeBBliGHiflete in <60
minutes. gdthogsal meghumgiorie Rriginad 4votopgy@neId el guivnyessel. Stapaiteapirol loops

except the agitat,or and pH controls. 0364] Bead to Bead Procedure: Transfer the desired volume

of detacHetPRENL® NAaf BPSEIOIIA P actbieted Ry s luessropiare 808 Hiisd R-EU8umes

Biorgactgyayapsina - ypments (e.g., cpRSV described in, e.g., Kim et al., 1971, Pediatrics 48: 745-
755, which is incorporated herein by reference in its entirety), temperature-sensitive (zs)
mutants (e.g., RSV #s-1, RSV 15-2, ts1A, ts19A, and ts1C described in, e.g., Crowe et al.,
1993, Vaccine 11:1395-1404; Crowe et al., 1995, Vaccine 13:847-855; Mills et al., 1971, ]
Immunol. 107:123-130; and Pringle et al., Vaccine 1993 11:473-478), cold-passaged

10  temperature sensitive (cpts) mutants (e.g., cpts248/404, cpts248/255, cpts 248/955 and cpts
530/1009; see, e.g., Karron et al., 1997, J Infect Dis. 176:1428-1436), and genetically
engineered mutants (e.g., rA2cp248/404ASH, rA2¢p248/404/1030ASH, rANS1, rAM2-2, and
r248ANS2 described in, e.g., Karron et al., J. of Infect. Diseases 191: 1093-1140; Whitehead
etal., 1999, J. Virol. 73: 3438-3442; and Collins et al., 2005, Proc. Am. Thorac. Soc. 2: 166-

15 173)).

[0228] In a specific embodiment, the RSV that may be purified by a process
described herein and/or contained in an immunogenic composition described herein is
rA2cp248/404/1030ASH. This attenuated RSV contains multiple attenuating genetic
clements that are responsible for its temperature sensitivity and attenuation properties

20  including: (1) a set of 5 missense mutations in the N, F and L proteins that attenuate cold-
passaged RSV; (i1) the 248 and 1030 modifications that are separate missense mutations in
the L protein that lower the restrictive temperature and confer a temperature sensitive
phenotype and attenuate the virus; (iii) the 404 modifications that are a combination of a
nucleotide substitution in the gene-start transcription signal of the M2 gene and a missense

25  mutation in the L protein that together confer additional temperature sensitivity; and (iv) ASH
which is a deletion of the entire SH gene that confers an attenuated phenotype. See Table 2

below for the locations of the amino acid substitutions introduced into the RSV genome.

Table 2. Amino Acid Substitutions Introduced Into The RSV Genome

‘ o Amino Acid
Nucleotide Substitutions o Gene Phenotype
Substitutions*
G1939A Vitol N Att
A5895C Eto A F Att
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2L5L10L15L 10X TrypLE (m1.)512.52537.5 Table 23. 1:8 split Bead to Bead Process Transfer to Final
Production Reactor  Bioreactor working volume 2L5L10L15L Vol. of trypsinized cells 0.250L 0.625L
1.25L 1.875VegpBtE@rowth medium 1.725L 4.375L 8.75L 13.125L CytddeXESHILYOe8IPErs 3.459
8.75g 17.5g 26.25g WO 2010/036760PCT/US2009/058157 8.4 Protease-Free Bead to Bead Transfer
Procesd aad yse of ATF  [0365] @ng pf the major challgnges for prodﬁg@g vaccines, recombinant
proteing-and other bio therapeutics is to reproducibly detach the adherent production cells from the
culture eis(s]%I? nd then reattach { m o new culture vess&fg g&pfoce Sormally known as sub- 5
culturing of cells. This task becomes particularly difficult for gpigrocan-ie

i gents (e.g.,

scale manuiamuungﬁto_ensutuhe_cek_b&pmpedm
TrypLE) &2088Mnd9806sed. Howelep ¥e trypsinization plecess can bedrd to control and the risk

of over-[QF {i3ggT TXRpEYZgton can H3yq a negative impagron the robU3TRESSs of manufacturing
processes and even reduction in groductivity. Here we describe 10 a new method that allows
mammaliihl€&f§s in particular highlf?detferent MDCK cellg, ko be serially Passaged without using
trypsin OFiTygRKkITKe Teagents. ThSymgtiod Makes Use of fDTA IO Tep i 3in-like
reagents. This method may furthef be coupled with alternating tangential flow device (ATF) to facilitate
in situ flufdléxdAEndéIhitHe bioreactdite. YO366] With the n¢wly developgdidtotease-free process we

+}

have sucgessiulty 1op et MPCHE Gelfs formore tt tiyres consecutively and consistently
reached h%ﬁlcﬂe Ia\ﬁaabﬁ?/%?ﬁ%%%)yg?%ﬁgéhOcmigetggi%y > 1§1106 cells/mL) (see Figure 15). We have
also used the re IS 7 d I lgb diter vi j ' ted live
Senuated i v B s O e e U
for each béttie tmderrepresestanive virnBIsagins Yranpovitivoséeshs ssbyonal BEngiocikred /-IL AT13

d traj i . This . - bath i d cell
cuitire o A e R N 7% karge and sma
scale. [036WTloigosxanqpla deestrbds ihephesebses antd e diretéys foNbitld@BHibient bead to
bead tra’ﬁg@ﬁiﬁ?%ﬁﬁ@ﬁ?&h‘ﬁ@?@%&ﬂ% %gﬁﬁeﬁggs!nﬁ%?ﬁﬁ% e&%l{?‘%ﬁ%@ﬁ&@;@@‘d@” spinner

flask, shaker flask ‘or stirred tank bioreactor Tn the absence of any protease. Representative equipment
and reagerisctives ¢hat b& B¥eardni teepeotsseddrecdptafeth ditiabisigmsTalde 18landigable 19 above.
Of Cours%a%l%‘ell%ﬂﬂm%ﬁﬁ%ﬁ?%ﬁlgté&ﬂ'%‘ RGN SIURTY RS ARIRANsWpStEyged herein

and specific mentionof particular b S or types of equipment and reagents should not be construed

as lIfvitingwiniédsiBdspeuiidally tadicdad e satizenfo368pHRDRBSIRCBMM BDKRAGIER.0 Wash
and Incupafion Rrace lﬁgﬁﬁ% 1311%9 Raie AARHD B . JSPREEAET RIVTEIH b ARRIFARIG W Let

microcarrier beads settle,
different strains of RSV), and proteins, polypeptides or peptides possessing a desired

o

ased production|in large

biological property or activity (e.g., cytokines such as interferon (IFN)-a IFN-f3, IFN-y, 1L-2,
IL-7, IL-9, IL-15, and IL-22). In a specific embodiment, the chimeric RSV is attenuated. For
15  non-limiting examples of chimeric RSVs see, e.g., U.S. application Serial No. 10/831,780,
April 23, 2004 (published on January 27, 2005 as U.S. Application Publication No.
2005/0019891) and U.S. application Serial No. 11/389,618, filed March 24, 2006 (published
on July 20, 2006 as U.S. Application Publication No. 2006/0160130).
[0230] In one embodiment, RSV is engineered to express one or more viral antigens
20  from a virus belonging to a different group, subgroup, or strain of RSV than the RSV vector.
For example and not by limitation, the RSV vector may be derived from a group B RSV and
the heterologous sequence may be derived from a group A RSV.
[0231] In another embodiment, RSV is engineered to express one or more viral
antigens obtained or derived from a virus other than RSV. Non-limiting examples of viral

25  antigens include antigens from adenoviridae (e.g., mastadenovirus and aviadenovirus),
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minutes is generally sufficient, and remove -70-80% or more of spent growth medium. WO
2010/036760PCT/US2009/058157 Note: this procedure could be done using alternating tangential
flow (ATE). WOREMABEMfth desired volume of Ix DPBS wash solution to th €IS Generally,
an equal volume of wash buffer is suggested for efficient washing. 3) Repeat steps (1) and (2) as

desired, ﬁ@gﬁ%@ﬁ'ﬂi&é@g%ﬁﬁ%@ WMABNESIRIRUOIRSHRE sthi FROMANE YarhRRlsan asviegded to leave
5the desired volume (e.g., -50% of the original volume) Note: this procedure could be done using the

ATF. 5) AGEPESs R RS Op AnsteitoBefndlto hEE M A5 Srea b arivmesaexitusyilaibitesvell as pH,
DO and tgnpnesivias gt icannlipakie Kigitatnp willhe, gereraiie betwaaaoHdRRigas) rpm

depending on working volume and/or impeller. 100 rpm was utilized for small scale transfer of a few

hundred FHfRAEI AYI RILSUSe 2R PRSI LAY HABKY B4 s M RGBS s LB SRt i ised for
largey warkipgysimBsad) PapeRaterwith @gitabien databfud A pusBRRAmMNG BlfSs0aKIRE drawn

to check for complete cell detachment. Table 24 details the conditions utilized for small scale

bead-to-B&&d HAAGREFEVirus; pareAtleniza Kiis AreqbtHiHBY {hecomeasles HER heyby Ry Lt
Generallye gromitinpdaaads, padaddaodasiad werkinguavng (Rinafhisipahialisat@nd thedesired

volume of 15detached cells are tr?nsfered to a new vessel. Alternatively additional growth medium

and/or mitHBea RS RLAINA S 18 (REUS G A1 SRS MO IS A G YL BRI HS 498 BHMA%as been

found to hetdpabumdakis Bpevigasiihe detaimianlifispithniseVesphinahiyoskinavaimes.
Optignally, the original flask is rinsed with growth medium and combined with the transferred material,
this JolurPEPEH i B c&%iﬂﬁ?@ﬂér%ﬂé‘ﬁ%%ﬁ&?ﬂiﬁﬁoé]&%\ﬁ%%?fsgsoo‘éf FENGTHS QBT cells too

much. 8)rsiaikaie s e fagkialst i popsopiiaCateNiperatities (Nt 3if Ay @8 #sathhwidlut any
agitation for 40-60 minutes. 9) Start agitation as well as pH, DO and,temperature controls if applicable
for growthYBf Ceifir A8 Sy Hp1yps) Eeﬂ%%%e?o?‘é%ﬁQ%?&aﬁ‘d%&’dﬂl%%%s -up for

infection rd©3viads Barap eBCOtIHES wesa Searialty, neapagatad. oveitive fhipassegerusingrtikel
25protease-free method (EDTA.from commercial or.in-house preparations) essentially as detailed in
Tablo 24 BE I LRy S Bafihs b RS T TSR T CRbtis B4 For tho
conteol calbpnriy Celisusatentrypsinizetvee isilareimes hepadnavintladsgieg MispatidsTByyakks for 15-20 min,
fresh growth me%%u is added and the cella']?are %%%trigégeg).for 10 min 1 Oﬁ reim nd resupended in
fresh grotRE 82%%11 S Coo SR B 280 BB Safs SHOST ail'ysdlvth/ viability and
titer eachipaskageddhe. gelvesdunlsvand, Hakiitygyeplitneduiing, cytiviatiavataplaited in Figure 15.
As can be seen. from the plots, the cell counts and viability of the .cultures propagated using EDTA
lone (protERCERaS A F SRR A RoATD R SH P BB IRELE MEtholE ere
generallyvdegnaial ML 2010) 36T 661BRaTIHERARY 0 o8idnaAyiras uee @oighe) dénsitpatitiare then the
cor‘%ol method. CeIJ[st rom efich[.passa e of g:{aé)arallel Cl,[l tutres vyere also.u§§d t .goduce influenza
virus, ThEURAREPS SBEaiaePIEIEEE RANTLEhS AT 07 i CE M G4 A2 80% f0a°tETg tVs 6, top
and bottemipfneisa raspecikively), eresphitar ndds aaie $5/ pfilveapnopagaiion method, used. 5Table 24.
Protease-free head to bead transfer, onditit??rlg Stesps 1. 2. 3. 4. 7.. S%pgct'%fications and

e

Set-poin@ ERLLEH TS ik YEMGUE Hisa %ﬁ%ﬂ%@%&s%élsl O8RS HE BRI working

volume Refredtstdpsyingoda2itwiceitos artigahef Ihiée WwastresRenbodano ) tRBRS] watsgieadkution
Add 50 Pl gt oM R L T A Ao, P 4 AN SRS RN COMIOlS 9, [or etachment
25  parainfluenza virus types 3, or from Sendai virus. In another embodiment, the viral antigen,
is HIV gp120, HIV nef, influenza virus neuraminidase, influenza virus hemagglutinin, HTLV
tax, herpes simplex virus glycoprotein (e.g., gB, gC, gD, and gE) or hepatitis B surface
antigen, hepatitis C virus E protein or coronavirus spike protein.
[0232] In another embodiment, RSV is engineered to express one or more bacterial
30 antigens (e.g., a bacterial coat protein or protective antigen associated with a bacteria). Non-
limiting examples of bacterial antigens include antigens derived from bacteria of the
Aquaspirillum family, Azospirillum family, Azotobacteraceae family, Bacteroidaceae family,

Bartonella species, Bdellovibrio family, Campylobacter species, Chlamydia species (e.g.,
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factors for éyfa?n;% BGEB M the oﬂf?llr’ﬁﬁ% Z(ﬁﬁ’owgz é’gﬁé’ﬁ fis TorhdontioHAR s pes (e.g., VERO
cells) andipbiztonnake phisey ChessHohushal/any stade APoprusdmochsaliuuies, including A.
saksenaea, A. mucor and A. absidia; Sporothrix schenckii, Paracoccidioides brasiliensis;
Pseudallescheria boydii, Torulopsis glabrata; Trichophyton species, Microsporum species
and Dermatophyres species. In a specific embodiment, the fungal antigen is derived from a
25  pathogenic fungus that cause or are associated with a respiratory disease.

[0234] In another embodiment, RSV is engineered to express one or more parasitic
antigens. Non-limiting examples of parasitic antigens include antigens derived from
members of the Apicomplexa phylum such as, for example, Babesia, Toxoplasma,
Plasmodium, Eimeria, Isospora, Atoxoplasma, Cystoisospora, Hammondia, Besniotia,

30  Sarcocystis, Frenkelia, Haemoproteus, Leucocytozoon, Theileria, Perkinsus and Gregarina
spp.; Pneumocystis carinii; members of the Microspora phylum such as, for example,
Nosema, Enterocytozoon, Encephalitozoon, Septata, Mrazekia, Amblyospora, Ameson,

Glugea, Pleistophora and Microsporidium spp.; and members of the Ascetospora phylum
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7. SPECIFIC EMBODIMENTS

15 [0235] 1. A method for producing influenza viruses in cell culture to a log10
TCID50/mL of at least about 8.0 and/or to a log10 FFU/mL of at least about 8.0, comprising:
(a) proliferating MDCK cells in a serum-free culture medium, while maintaining
one or more culture conditions selected from the group consisting of: an
agitation rate of between about 100 and 200 rpm; a pH of between about 6.0 to
20 about 7.8; a temperature of between about 33°C and about 42°C; and dissolved
oxygen (DO) of between about 35% to about 100%;
(b) infecting the proliferated MDCK cells with an influenza virus without
exchanging the culture medium; and
(¢) incubating the infected proliferated MDCK cells under conditions that permit
25 replication of the influenza virus.
[0236] 2. The method of embodiment 1, wherein the culture medium is MediV
SFM 110.
[0237] 3. The method of embodiment 1 or 2, wherein the MediV SFM 110
comprises 9 g/L. glucose.
30 [0238] 4. The method of any one of the preceding embodiments, wherein the

MDCK cells are proliferated as adherent cells on microcarriers
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[0239] 5. The method of embodiment 4, wherein the concentration of
microcarriers is between 1 and 3 g/L.

[0240] ©. The method of embodiment 4 or 5, wherein the MDCK cells are
seeded onto microcarriers at a density of between 10 to 40 cells/microcarrier and proliferated

5  for between 2 and 5 days.

[0241] 7. The method of any one of the preceding embodiments, wherein the
agitation rate is maintained between about 100 and 200 rpm; the pH is maintained between
about 6.0 to about 7.8; the temperature is maintained between about 33°C and about 42°C;
and the dissolved oxygen (DO) is maintained between about 35% to about 100%.

10 [0242] 8. The method of any one of the preceding embodiments, wherein the
MDCK cells are proliferated at an agitation rate of between 150 rpm to 200 rpm.

[0243] 9. The method of any one of the preceding embodiments, wherein the
MDCK cells are proliferated at a pH of between 7.0 and 7.8.

[0244] 10. The method of embodiment 9, wherein the pH is 7.4+0.2.

15 [0245] 11.  The method of any one of the preceding embodiments, wherein the
MDCK cells are proliferated at a temperature of 37+2 °C.

[0246] 12.  The method of any one of the preceding embodiments, wherein the
MDCK cells are the cells deposited as ATCC Accession No. PTA-7909 or PTA-7910.

[0247] 13. The method of any one of the preceding embodiments, wherein the

20 MDCK cells are proliferated to a cell density of between 5x10° to 3x10° cells/mL.

[0248] 14.  The method of any one of the preceding embodiments, wherein step
(b) is carried out using a viral input of between 0.01x10° FFU/mL to 0.1x10° FFU/mL.

[0249] 15.  The method of embodiment 14, wherein step (b) is carried out using a
viral input of between 0.01x10° FFU/mL to 0.05 FFU/mL.

25 [0250] 16. The method of any one of the preceding embodiments, wherein step
(b) is carried out using a viral input of between 0.00001 FFU/cell and 0.0001 FFU/cell.

[0251] 17.  The method of embodiment 16, wherein step (b) is carried out using a
viral input of between 0.00001 FFU/cell and 0.00005 FFU/cell.

[0252] 18. The method of any one of the preceding embodiments, wherein the

30  influenza viruses are cold adapted.
[0253] 19. The method of embodiment 18, wherein the influenza viruses are also

attenuated and temperature sensitive.
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[0254] 20.  The method of any one of the preceding embodiments, wherein the
influenza virus is an influenza A virus.
[0255] 21. The method of any one of the preceding embodiments, wherein the
influenza virus is an influenza B virus.
5 [0256] 22. The method of embodiment 20, wherein the influenza A virus
comprises one or more gene segments of influenza strain ca A/Ann Arbor/6/60.
[0257] 23. The method of any one of embodiment 21, wherein the influenza B
virus comprises one or more gene segments of influenza strain ca B/Ann Arbor/1/66.
[0258] 24.  The method of any one of the preceding embodiments, wherein the
10 MDCK cells are incubated at between 30°C and 35°C during the replication of the influenza
virus in step (¢).
[0259] 25. The method of embodiment 24, wherein the MDCK cells are incubated
at 33+2 °C during the replication of the influenza virus in step (c).
[0260] 26. The method of any one of the preceding embodiments, wherein the
15 MDCK cells are incubated at an agitation rate of between 150 rpm to 200 rpm during the
replication of the influenza virus in step (c).
[0261] 27.  The method of any one of the preceding embodiments, wherein the
MDCK cells are incubated at a pH of between about 7.0 and about 7.8 during the replication
of the influenza virus in step (c).
20 [0262] 28. The method of embodiment 27, wherein the pH is 7.4+0.2.
[0263] 29. The method of any one of the preceding embodiments, wherein a

protease is present during step (c).

[0264] 30. The method of embodiment 29, wherein the protease is a serine
protease.
25 [0265] 31. The method of embodiment 29 or 30, wherein the protease is a

recombinant animal free protease.
[0266] 32. The method of embodiment 31, wherein the protease is present at a
final concentration of 0.03X.
[0267] 33. The method of any one of the preceding embodiments, further
30  comprising the step of harvesting the culture medium after infection.
[0268] 34. The method of embodiment 33, wherein the culture medium is

harvested between 48 hours to 72 hours after infection.
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[0269] 35. A method of effecting bead to bead transfer of cells in a cell culture
grown on microcarriers comprising:
(a) a first wash step in which all or a portion of the growth medium; is replaced
with a wash medium comprising a chelating agent;
(b) incubation of the cell culture in the wash medium with or without agitation;
(c) addition of a protease to the cell culture in the wash medium;
(d) incubation of the cell culture with the protease with or without agitation; and
(e) transfer to a new growth vessel.
[0270] 36. The method of embodiment 35, further comprise a second wash step
between steps (b) and (¢) with a wash medium comprising a chelating agent.
[0271] 37. The method of embodiment 35 or 36, wherein fresh growth medium
and/or additional microcarriers are added after step (d).
[0272] 38. The method of any one of embodiments 35 to 37, wherein the fresh
growth medium and/or additional microcarriers are added prior to, during, or after step (e).
[0273] 39. The method of any one of embodiments 35 to 38, wherein the
concentration of the chelating agent is between 0.4 mM and 0.6 mM.

[0274] 40. The method of any one of embodiments 35 to 39, wherein the pH of
the wash medium is between 7.8 and 8.2.

[0275] 41. The method of embodiment of any one of embodiments 35 to 40,
wherein the protease is a recombinant animal free protease.

[0276] 42. The method of embodiment 41, wherein the protease is added to a final
concentration of between 0.04X and 0.06X.

[0277] 43. The method of any one of embodiments 35 to 42, wherein the cell
culture is agitated during step (b).

[0278] 44. The method of any one of embodiments 35 to 43, wherein the cell
culture is agitated during step (d).

[0279] 45. The method of embodiment 43 or 44, wherein the cell culture is
agitated at between 175 rpm and 275 rpm.

[0280] 46. The method of embodiment 45, wherein the cell culture is agitated at
230425 rpm.

[0281] 47. The method of any one of embodiments 35 to 46, wherein the cell

culture is incubated in steps (b) and (d) for between 15 and 60 minutes.
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[0282] 48. The method of any one of embodiments 35 to 47, wherein a protease
inhibitor is added after step (d).
[0283] 49. A method of effecting bead to bead transfer of cells in a cell culture
grown on microcarriers comprising:
5 (a) adding a chelating agent to the cell culture without washing the cells;
(b) incubating the cell culture in the presence of the chelating agent with or
without agitation;
(c) addition of a protease to the cell culture in the presence of the chelating agent;
(d) incubation of the cell culture with the protease with or without agitation; and
10 (¢) adding additional fresh media and supplementing the cell culture with one or
more media components.
[0284] 50. The method of embodiment 49, wherein the one or more media
components are selected from the group consisting of CaClI2, MgCI12, MgSO04, trace elements
A, trace clements B, and trace clements C.

15 [0285] 51. The method of embodiment 49 or 50, wherein the one or more media
components are between 1.25 mM to 1.5 mM CaCl2, between 0.1 mM to 0.2mM MgCl2, and
between 0.1 to 0.8 mM MgSO04, 2X Trace Elements A, 2X Trace Elements B, and 2X Trace
Elements C.

[0286] 52. The method of any one of embodiments 49 to 51, wherein the cell

20  culture is transferred to a new growth vessel prior to, during, or after step (e).

[0287] 53. The method of any one of embodiments 49 to 52, wherein the
concentration of the chelating agent is between 0.5 mM and 5 mM.

[0288] 54. The method of embodiment 53, wherein the concentration of the
chelating agent is about 2 mM.

25 [0289] 55. The method of any one of embodiments 49 to 54, wherein the pH of

the cell culture is adjusted as need to be between 7.8 and 8.2 prior to or during step (c).
[0290] 56. The method of embodiment of any one of embodiments 49 to 55,
wherein the protease is a recombinant animal free protease.
[0291] 57. The method of any one of embodiments 49 to 56, wherein the protease

30  is added to a final concentration of between 0.04X and 0.06X.

[0292] 58. The method of any one of embodiments 49 to 57, wherein the cell
culture is agitated during step (b).
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[0293] 59. The method of any one of embodiments 49 to 58, wherein the cell
culture is agitated during step (d).
[0294] 60. The method of embodiment 58 or 59, wherein the cell culture is
agitated at between 175 rpm and 275 rpm.
5 [0295] 61. The method of any one of embodiments 49 to 60, wherein the cell
culture is incubated in steps (b) and (d) for between 15 and 90 minutes.
[0296] 62. The method of any one of embodiments 49 to 61, wherein a protease
inhibitor is added after step (d).
[0297] 63. A method of purifying influenza viruses from cell culture comprising:
10 (a) clarification of a viral harvest by direct flow filtration (DFF) through at least
one membrane having a pore size of between about 1.2 micrometers to about
0.45 micrometers;
(b) concentration by tangential flow ultrafiltration (UF) and buffer exchange by
diafiltration (DF) following step (a) using a membrane having 500 kDa
15 molecular weight cut off (MWCO);
(¢) purification by affinity column chromatography following step (b);
(d) concentration by UF and/or buffer exchange by DF following step (c) using a
membrane having 500 kDa molecular weight cut off MWCO); and
(e) sterilization following step (d) by DFF through at least one membrane having
20 a pore size of between about 0.45 micrometers to about 0.22 micrometers,
wherein the overall recovery of purified viruses is at least 30%, and wherein the
purified viruses comprise less than 0.1 ng HCD, and less than 0.3 ug HCP per 7.0+£0.5
logioFFU of virus.
[0298] 64.  The method of embodiment 63, wherein sucrose and a phosphate
25  buffer are added to the viral harvest to a final concentration, within 10% variation, of 218
mM sucrose, 11 mM phosphate buffer pH 7.0-7.4, prior to step (a).
[0299] 65.  The method of embodiment 63 or 64, wherein steps (a) and (b) are
coupled.
[0300] 66.  The method of any one of embodiments 63 to 65, wherein step (b) is
30  performed at a transmembrane pressure (TMP) of between about 10 psi to about 20 psi.
[0301] 67.  The method of any one of embodiments 63 to 66, wherein step (b) is
performed at a flux rate of between about 35 liters per meter per hour (LMH) to about 50

LMH.
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[0302] 68.  The method of any one of embodiments 63 to 67, wherein step (b) is
performed at a shear rate of between about 12,000 s to about 16,000 s™'.

[0303] 69.  The method of any one of embodiments 63 to 68, wherein step (b)
results in a 5X concentration and least 5 diavolumes of buffer are exchanged.

5 [0304] 70. The method of any one of embodiments 63 to 69, wherein the
exchange buffer in step (b) comprises, within 10% variation, 218 mM sucrose, 11 mM
phosphate buffer pH 7.0-7.4.

[0305] 71. The method of any one of embodiments 63 to 70, wherein buffer
exchanged by DF occurs in step (d).
10 [0306] 72. The method of any one of embodiments 63 to 70, wherein
concentration by UF and buffer exchange by DF occur in step (d).
[0307] 73.  The method of any one of embodiments 63 to 70 or 72 wherein step (d)
results in at least a 2X concentration.
[0308] 74. The method of any one of embodiments 63 to 73, wherein least 8
15  diavolumes of buffer are exchanged in step (d).
[0309] 75. The method of any one of embodiments 63 to 74, wherein the
exchange buffer in step (d) comprises, within 10% variation, 200 mM sucrose, 100 mM
phosphate buffer pH 7.0-7.4.
[0310] 76. The method of any one of embodiments 63 to 75, wherein between 8.0
20  logioFFU to 11 logioFFU of influenza viruses are loaded per mL of affinity media.
[0311] 77. The method of embodiment 76, wherein between 9.0 log;(FFU to 10.0
logioFFU of influenza viruses are loaded per mL of affinity media.
[0312] 78. The method of embodiment 76, wherein between 9.2 logoFFU to 9.8
logioFFU of influenza viruses are loaded per mL of affinity media.
25 [0313] 79. The method of any one of embodiments 63 to 78, wherein after the
virus are loaded the affinity media is washed with a buffer comprising, within 10% variation,
218 mM sucrose, 11 mM phosphate buffer pH 7.0-7.4.
[0314] 80.  The method of any one of embodiments 63 to 79, wherein step (c)
further incorporates exposure to a buffer comprising a non-specific endonuclease.
30 [0315] &1. The method of embodiment 80, wherein the length of exposure to the
buffer comprising the non-specific nuclease is between 30 and 90 minutes.
[0316] &2. The method of embodiment 81, wherein the length of exposure to the

buffer comprising the non-specific endonuclease is 50+10 minutes.
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[0317] &3. The method of any one of embodiments 80 to 82, wherein the non-
specific endonuclease is Benzonase™.

[0318] &4. The method of any one of embodiments 80 to 83, wherein the buffer
comprising the non-specific endonuclease, comprises, within 10% variation, 218 mM

5 sucrose, 11 mM phosphate buffer pH 7.0-7.4, and the non-specific endonuclease at a final
concentration of between 40 U/mL to 60 U/mL.

[0319] &5. The method of any one of embodiments 80 to 84, wherein after the
treatment with the buffer comprising the non-specific endonuclease the affinity media is
washed with a buffer comprising, within 10% variation, 218 mM sucrose, 11 mM phosphate

10 buffer pH 7.0-7.4.

[0320] &6. The method any one of embodiments 80 to 85, wherein the purified
viruses comprise less than 0.0050 ng non-specific endonuclease per 7.0+£0.5 log;(FFU of
virus.

[0321] &7. The method of any one of embodiments 63 to 86, wherein the affinity

15 mediais selected from the group consisting of Cellufine™ Sulfate and FluSelect™,

[0322] &8. The method of any one of embodiments 63 to 87, wherein the
influenza viruses are eluted from the affinity media with a buffer comprising, within 10%
variation, 1 M sodium chloride, 218 mM sucrose, and 11 mM phosphate buffer pH 7.0-7.4.

[0323] 89.  Influenza viruses produced by the method of any one of embodiments

20  1to 34, or 63 to 88.

[0324] 90.  Purified influenza viruses comprising less than 0.1 ng HCD, and less
than 0.3 ug HCP per 7.0+0.5 logoFFU of virus, wherein the influenza viruses were purified
from a culture of mammalian cells.

[0325] Ol1. The purified influenza viruses of embodiment 90, wherein the

25  mammalian cells are selected from the group consisting of human diploid lung fibroblast
cells, human retinoblastoma cells, human kidney cells, fetal rhesus lung cells, African green
monkey kidney cells, and canine kidney cells.

[0326] O92. The purified influenza viruses of embodiment 90, wherein the
mammalian cells are MDCK cells.

30 [0327] 93. The purified influenza viruses of embodiment 90, wherein the
mammalian cells are culture is a VERO cell culture.

[0328] 94.  An immunogenic composition comprising polypeptides of the

influenza viruses of any one of embodiments 89 to 93.

87



0.2 IX25 0.20.12X3.5.05.00 2.16 0.5 1.200.16 0.45:TX0.I". 0.115.+00 21t...5." 0.2 2X 1.512

0.4 1.2BE+0g 0.2
WO 2010/036760 PCT/US2009/058157

8. EXAMPLES

[0329] 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
5  encompass any and all variations which become evident as a result of the teachings provided
herein. Of course, it will be appreciated that specific listing or description of particular
equipment and reagents used, sizes, manufacturer, etc., is not to be considered limiting on the
current invention unless specifically stated to be so. It with be further appreciated that other

equipment and reagents which perform similarly may be readily substituted.
10 8.1 Medium and Cell Culture Processes

[0330] Serum-free medium formulations (e.g., MediV SFM 107, MediV SFM 105)
useful for the proliferation of MDCK cells, in particular non-tumorigenic MDCK cells, to
high density have been described (see, e.g., FL410US and G-FL414US). However, work
using these serum-free medium formulations with non-tumorigenic MDCK cells adapted to

15  serum-free medium (e.g., ATCC Accession No. PTA-7909 or PTA-7910) revealed that, while
reasonable peak viral titers (generally measured as log;o FFU/mL) of reassortant influenza
virus could be obtained without medium exchange, the peak titers were still lower that those
obtained with medium exchange, in which a portion (e.g., ~67%) of the growth medium is
removed and replaced with an infection medium after proliferation the cells and prior to (or at

20  the same time as) infection. Furthermore additional protease (TrypLE) was required to obtain
these peak titers. To overcome the need for medium exchange and/or the requirement for
addition protease a fortified medium, MediV SFM 110, was developed. MediV SFM 110
comprises 5x the concentration of the vitamins, linoleic acid, lipoic acid, nucleosides,
putrescine and nearly all the amino acids present in the previously described mediums (see

25  Table 3). Use of MediV SFM 110 did not improve cell densities over those obtained with
MediV SFM 105 +TE (data not shown). However, using MediV SFM 110, 0% and 67%
medium exchange showed similar viral titers.

[0331] The performance of twelve runs using a no medium exchange (MX) process
and cells prepared by bead to bead transfer (see the Example provided in Section 8.2 below)

30  from four seed reactors and grown in MediV SFM 110 media are described below. Three
cold adapted (ca), temperature sensitive (zs), attenuated (atr) reassortant influenza virus

strains comprising the HA and NA from the wild type strains A/Uruguay/716/2007, A/South
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B 7.?7?E405 ... 2X .E..71e.0.5331.55.16 0.1 8.6 Purification Process for Cell Culture Produced
Influenza 103761 The development of a robust large scale purification process for influenza
5produced WM EYequired intensive development. An early stage prBe@855¢48/¢fdd&Toped
where the viral harvest (60-65 hours post infection) was pumped into a bag, and 10X sucrose

phosphaig (k) fratier, wag sadse de/angvis q{é}am(vmmala&yﬁ@s@m dilupansy viral

stabilization. The stabilized viral harvest (SVH) was first treated with Benzonase at 50 Units/mL with 2

mM MgCEesedest Bxdhesi ittt removersatsediasdstt 7 cenlonad ¢l fhire thaite Eadirths
stopped hyragddiiontabbomiyil &Rl ey Benzeresals PiopegiteseddRconibiRanteodaaueiaass that

degrades DNA into oligonucleaotides in the presence of magnesium ions. The Benzonase treated viral

harvest 3¢ aeRERsnfiel 45158 B dmebpivsiediorsaeain SBBobIYS PRGHRIBEIspRSAIEhe (PP) and
0.454im BMR brsapstigifiiars DEBsclarifies Vit pasi sanditianadyfi-fold Xindtraditration and 5-fold

diafiltration with SP buffer on a 500 kDa molecular weight cut-off hollow fiber cartridge. Virus particles

would beMdtath &P tREreinthsscsalls WhishBRlet npietisa b Bf HHsnediNAPHE D) and

Benzonagpgrvwgtithike hdiafileied tadhe pemeatesiderohifie bellaveiiben dhe pencanitagd and
was purified using a Cellyfine ulfaﬁa (CS) chromatography izolumn to further remove

diafiltered viru )

HCD, Hdépa%%rsaéh%ﬂaa@%;f&emég%@ga& QFHARS, IEHP R IiIRG SR Y6ERolumn and the

ZOL;Td Vi?ﬁ@@&?&%?ﬂ@@@?ﬁ@ﬁ@d&bﬁé@é-if[mi@@wiéiﬂgl mm&.fmmmlwgnaye’mtgowurlld be
iafiltered by five diavolumes.of SP 00 (200 mM sucrose and 100 mM potassium 10 phosphate, pH

7.zf%uﬁé’rr%ﬁiil&eédb%éi’ﬁ?&ét&ﬂﬁrw -éﬁédagwaﬁHm ﬁbéﬂ&&hﬁ%ﬁéﬂ%ﬁ%@%@ﬁ%@f@%n elution

buffer angeirmdiatthe pusiied Vekstlbeaafiiered BitusiMedumios thas stgbiligechy addition of

cGAG in 1/9 (vlv) dilution and sterile-filtered using a 0.22 tim filter to make the final bulk product.
[03771 S ijgﬂﬂgPél‘éa%éc;bﬁer’%ﬁﬁéWM%eﬂﬁ]é’? i1 YHcess that improved the 15 scalability,

the efficiency ghs3e|pratessmoditisifinabphdutoaudliy Lhangasweade iothe pioaessiese based
on the evaluation of recovery and | ﬁel o% uri ie(fﬂ(lHﬁSI:D, H.CP.anéj Benzonase) and Werﬁ
implemeRtEGHG thECBHHRE Estanlithd 5 SXELE Y RS VA PIIBEE G b%tWéYeWi%‘étrﬁB ted to
address seahahiitycasich ddimgpredentheefbaipoayndd. pracessiarld, fitakppsust siublity. dfitse, the viral
harvest atfc%in%gd t0 48 hours post infeﬁ‘ulilon for C%"? 20infected usingn% \éj?r%l input of 2000
FRU/mL, RIS EE RO BEHASTS RS BRarMPSITRsH Sl S s HE RGP AVEEY changed
from batchdmesgbsehizdhasedreatiieniiel onicn) i danzenastoiraaidhant. These two steps together
improve the final prodyct quality by significantly lowering the HCD level of the starting material and
final bulkHhae élﬁ’gie 8t88§%entration of the CS resin was increased from 9.0 logioFFU/mL to 9.5
25logioFRY/IMLyhigreAvass e dafuction column size from 4 L to 1.4 L and improves the process
efficiency. Fourth, the second buffer exchange volume was increased from 5 to 8 diavolumes to
enldhce Benz[338¢ clHarames, Riftizetite fish dlfilter: dux W xth atecacasdsl byulalidot andaveggges of 25

L/m2 to a‘)\v/&ignaneyffgl%g%ir@l (jﬂjrirrll% figglrggéﬁti%ﬁbds%rtilﬂg in the CTM runs. The final method (detailed
below) provides a process fat gIV%S

an ave¥age overall recovery 30 of 43.4%, with 0.72 ng/dose (by
PicoGreen) and MilbgidoseNodiPEREHGD; M2dijig/dDMEMOP, Haoh ¢: 00 3&ibgiddseBehdangse, all of

which are below Eﬁ@ seetﬁ@gméﬁggéred by regulatory agencies. Figure 10 provides an overview of
the initial and imprO\iedapurlfica lon processes. WO 2010/036760PCT/US2009/058157 8.6.1 Materials

and Methodg. NIQBTBorMEtENaisciReagent and Equipment: Other materials, equipment and
reagents which PRI SIRHATY BARY SR ER ISP Ds1and, NY, Cat No. ME080045)
4.  Glucose (Invitrogen, Carlsbad, California, Cat No. 15023-021)
5. Sodium Selenite (Sigma, St. Louis, MO, Cat No. 6607-31) ?
6. L-Glutamine (Gibco, Grand Island, NY, Cat No. 25030-081)
7. CD Lipids (100X) (Gibco, Grand Island, NY, Cat No. 11905-031)
30 8. Wheat Peptone (Organotechnie, SAS, La Courneuve, France, Cat No. 19559)
9. Insulin (Serological, Norcross, GA, Cat No. 4506)
10. T3 (Sigma, St. Louis, MO, Cat No. T5516)

11. Hydrocortisone (Mallinckrodt, Phillipsburg, NY, Cat No. 8830(-05))
89



1. 1.2 um Polygard CN Opticap XL5 Filter (Millipore Corporation, Billerica, MA, Cat. 5No. KNI2AO5HH
|) 2. 0.45 pm Durapore Opticap XL4 Filter (Millipore Corporation, Billerica, MA, Cat. No.
KPHLAO4HW8)2010/038760 | Bag (Hyclone, Ltd, Logan, UT, Cat. No. SH30P£X/48009/0581570 | Bag
(Hyclone, Ltd, Logan, UT, Cat. No. SH30712.12) 105. Hollow Fiber, 500KD, 4,800 cm2 (GE

Healthcare, Yppsaigstspmeden EG@iNR, SiFPodiQOnos&)onbIaipyy Fiber, 500KD, 290 cm2 (GE
Healthcare, Uppsala, Sweden, Cat. No. UFP500-C-3X2MA) 7. Cellufine Sulfate Resin (Chisso

Corporation, ! ok?@%é%&ﬂ}?’@% kit dd0n ps QR ERYED-ring (GE Healthcare, Uppsala, Sweden,

Cat. No. 18-8494rQII OANHRRIAIA GGG Healc sl ippRsalay Swadss, CaoNe) 18-8475-01) 10.
Bed support, 23 pm, end piece (GE Healthcare léf)agsala Sweden, Cat. No. 18-9252- 01) 11. Bed
lax,

support, 23 tim, adapRiPTEESigRAREey WedER B2oNd. 18-1103-08) 2012. Gaskets 25

mm kd. 6 mmg ERPIV(GEndaakheasBgldPasalae Sy 8eais a8l WO.AS8- N0 1928 &8y 4-port-2-way
valves (GE Healthcare, Uppsala, Sweden, Cat. No. 18-5757-01) 14. Sartopore2 300 filter capsule,

0.45 uml 0.2%/ttm! 8ep&irmeaLR el g Mediatoe Manasses X Ao 6-28)051% 1 &3 Bpore2 150 filter

capsule, 0.458)rMt R &2HR cHP OC02 ] (SRIMitE afdh, VR AN SFAL I IN--09-1B)-c1) 16. 1 L PETG
bottles (Nalgene, Rachester, NYU, Cat. No. 2019-1000) 17. 2 L PETG bottles (Nalgene, Rochester,

NYU, Cat. Nb 201 Byocarbongenyimeasn. Giapishiit- CatHaraine it Rividd 12¢%296%) cole

Parmer, Verpon Itillthe20bs GhlbdyRatd6440rA4d 19a1MasiespPies) platinum-¢uiegrsiligone tuling L/S size
36 QCoIe Parmerét?rﬁon Hills, IL, Cat. No. 96410-36) 20. 1 X Sucrose Phosphate buffer (Hyclone,
Ltd!Pogan, UT, CAHQEIE43ANS7 71186/ sucrose and 11 mNI potassium phosphate, pH 7 buffer

21. 1XSPRM Niekuffer (Hygiorelutich Bagatibeb, Gandla4$6i8aen34) 22. SP 00 buffer (Hyclone,
Ltd, Logan, UT, Cat. No. SH3A 78(?) - 5200 mM suc and ?O M potassium phosphate, pH 7.2
buffer 23. cGAG Bé% She, dbi%é%‘ﬁn@JIISf@é{t%@% Rl%%ﬁzﬁ enzonase (EMD,
Darmstadt, Germ@anyin{aériNap FiGd6aMi002} 23e dfdViMAE 12 L@meC 8P LOSRE Missouri, Cat. No.
M1028, lot 4 085K89 igéQua t-iT PicoGr ﬁﬂ\\l@ i s%vitrogen, Eugene, Oregon, Cat.
No. P1 1496 Tot 4 HBLEE5 1B e WAL I WS ot RPN RGN (VAR West Crester
Penssylvanias CatimoBYAY 3214 Bitt) 28/ dreiisgadic IRiinpod atEo M aiiows06282dimington, MA,
Models 520&%)52&8 and %2 Di) 1%2%(%aveMixer GE Healthrgﬂr(iE Uﬁésilf %/ée n, Cat. No.
Mixer20/50EH) 307 KK PABIOUBEE AT HABEPEEY SHHIEE PRaTHEAE, UpPeas) Gueden, Cat. No.
28409334) 3. URiiktrsiOMibsphiare GkidigaE HaalthtareCatppnsabii Swedan) IGat. No. 28920799)
32. BPG 10%ghr gra E Col é((‘z%ogfealthc Uppsala, Swede @2@ No. 18- 201103-01)
33, BPG 200 SO Abg AP RERAT oM aat o e U ER, HlSton 36 No. 16. 1103-11) 34
Flexstand (GB.Healthe@BeitldppSataing\eoiein aYNOab e} 1DA) Table 27. Viral Harvest Lots
. : ) . ; )

fromSingle e RIoRRS Y2 I ST 20AC el SR ! 7 ppssoriants)

31. 0.2um sterile filter (Corning, Corning, NY, Cat No. 430320, 430767)

32. 1mL, 5 mL, 10 mL, 25 mL, 50 mL Pipettes (VWR, Brisbane, CA, Cat. Nos. 53284-

700, 53283-704, 708,710, respectively)
33. 5 mL aspirating pipettes (VWR, Brisbane, CA, Cat No. 53392-044)
25 34. 1.8 mL Eppendorf tubes (USA Scientific, Ocala FL, Cat No. 1415-5510)
35. Micropipette tips (Art Molecular Bioproducts, San Diego CA, Cat No. 20E, 200E
and 1000E)
36. Sucrose Phosphate, 10x (Hyclone, Logan, UT, Cat# SH3A1578-01)
37. Applikon Controller Units (Applikon Biotechnology, Foster City, CA Models: ADI
30 1010, ADI 1025)

38. 3L glass vessel and headplate (Biotechnology, Foster City, CA)

39. 2.5” A310 impellers (Lightnin, Rochester, NY)

40. 60mm marine impeller (Applikon Biotechnology, Foster City, CA).
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Cell Culture Lot # Purification Lots Run # Harvest Hours post Infection AINew Caledonia/20/99 Sub
08012007-PP 1 60-65 hr A/Wisconsin67/05 Sub 05012007-PD 2 60-65 hr A/Wisconsin67/05 Sub
15012007-PBO3288835FiPA/New Caledonia/20/99 Sub 19012007-PD 4 60-dRFUSANIIESE2506/04
Sub 22012007-PP 5 60-65 hr B/Malaysia2506/04 Sub 26012007-PD 6 60-65 hr A/New

Caledonia/2Q/99 £31hR 907 aR0MBEN - EQ PP Mo MYscaRING S/ 0 SPCiBQ42R(7-PD 8 48 hr
B/Malaysia2806/04 S 26022007-PP 9

10

15

20

25

30

Peristaltic pump (Watson Marlow Bredel Pump, Wilmington, MA, Model 520S/R)
43. Biosafety cabinet (The Baker Company, Sanford, ME, SG-600)
44. Roller bottle incubator (Bellco Biotechnology, Vineland, NJ, Model 7630-80589)
45. Water bath (Bockel Grant, West Chester, PA, PB-1400)
46. Nucleocounter (New Brunswick Scientific, Edison, NJ, M1293-0000)
47. Bioprofile 400 (Nova Biomedical, Waltham, MA, Bioprofile 400)
48. Microscope (Zeiss, Thornwood, NY, Axiovert 25)
49. Digital Camera (Nikon, Melville, NY, Model E5400)
50. Micropipette (Labsystem, Boston, MA, Model No. P2-20, P100, P200, P1000)
51. Pipette aid (Drummond, Broomall, PA, Cat. No. 4-000-100)
52. CO, Shake flask incubator (ATR Biotech, Laurel, MD, Model AJ118)

[0334] Cell Source: Serum-free MDCK clone ID 9B9-1E4 cells (ATCC accession
number PTA-7910, see WO 08/105931) derived from the Process Development Bank (PDB)
were cultivated in roller bottles, using MediV SFM105 with trace elements A, B and C or
MediV SEM109*. The composition of MediV SFM 105 with trace elements A, B and C is
similar to MediV SFM 109 media, with the exception that MediV SFM 105 is made out of
liquid and MediV SFM109 is made out of powder. Cells were routinely passaged every 3 to 4
days post-seeding as per SOP D0200°, with the exception that the 2x DPBS wash was not
performed.

[0335] Virus Seed: This process was developed with the 2008/2009 FluMist®
seasonal strains: ca A/Uruguay/716/2007 (Lot # nb3903pg94, 141900675A), ca A/South ca
Dakota/6/2007 (Lot # 141900666), and ca B/Florida/4/2006 (141900641A). All these seeds
were produced in eggs. Similar results have been obtained for seed viruses produced in cell
culture using plasmid rescue methods (see, for example, Wang and Duke; 2007 Oct 23, J.
Virol., 4:102; Hoffmann, et al., 2000, PNAS, 97(11):6108-13; and Hoffmann, et al., 2002,
PNAS, 99(17):11411-6)

[0336] Culture Medium: For these runs MediV SFM 105 with 1X Trace Elements A,
B and C and a total 4.5g/L of D-glucose or MediV SFM 109 with a total 4.5 or 9.0g/L of D-

glucose were used in all routine cell passaging for roller bottles and seed reactors (SRs) runs,
respectively. MediV SFM 110 medium with a total of 9.0g/L of D-glucose was used for final

production reactors (FPRs) runs. Depending on the seeding conditions and the anticipated he
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48 hr WO 2010/036760PCT/US2009/058157

[03791 Cell Culture Viral Harvest (VH): The detail of

MDCK cell growth and virus production is described in International Patent Publication WO 08/105931
(sec in partiNPA0 L3Il 12). All the viral production runs were performed{TVSIMPEBEY Bioreactor
(SUB) with a -67% media exchange process and the cells were infected using a viral input of 2000

SFFU/MleoYiidirasnhApesiech 3 ARPIOXUBRIGH BRtRRdN aUsUNS.316):8bASIMLS fiuns 8-9) post

infection of MDCK cells. Mlcrocarrlcrs in the SUB were allowed to settle for no less than 45 minutes

prior to VRAMRMERR pfAchgy
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end of 5XDF, the retentate control valve was completely opened and the permeate line closed again to
allow system recirculation to sweep off any recoverable virus that was weakly bound on the surface of
the hollow & IEMBENe during the process. The retentate, which contaifédtHe28eHESated and
diafiltered virus product, was drained and collected into a 10 5L product bag. For the last two
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20its ability to cleave herring sperm DNA. The test article, in duplicate, is compared against a
Benzonase standard curve, in which readings arc measured with a spectrophotometer at 260 nm The
percent spik¥Q28dV83)@enzonase activity) is calculated to determine the R&TBERPBHEEE/mI. The
net Benzonase activity of a spiked reference standard should be between 1.1 and 1.9 U/ml, the
coefficient of corgaigshaheuld be > 0.98%y the acipigyLin &n 25unspiked sample dilution should be >
0.7 U/m1 for theasiydyiénbr quantifialbBles .gnd the percent spike recovery should be between 80 and
120%. 8.,6.2 Resaltslas@discussion  §8200] All tik2@URB runs showed harvest titer range from 8.0 to
8.6 loglQFBUtmLothehezobieejatel CD artY BICP result8 used to evaluate the performance of each
purificatipn 30rubinelricsteitmarized in T2k 28, Tabl€ 29,|and Table 30. The following sections will
summarize and ldnsteris thddchanges n#ddetto imprové€ the|process efficiency and the final product
quality. The prod¥¥dsiievidiShment for th€Srifial and fiRal purification schemes are summarized in
Figure 10, whic %'.\ﬁ/é Hje major cha fHrom earl purification runs to the last purification runs. 0)
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[0337] Bioreactor conditions and methods: For all the experiments, the FPRs were

inoculated using 1:8 split contents from seed reactor (SR) and infected with reassortants of
the 2008/2009 seasonal viruses, ca A/Uruguay, ca A/South Dakota and ca B/Florida. Several
FPRs were run at identical conditions to ensure robustness of process and capture variability.
5  First 3 experiments were performed to compare the medium exchange (MX) and no medium

exchange (No-MX) processes side-by-side using one of 2008/2009 virus for each experiment.
For each of the first 3 experiments, 2x2L. FPRs were run in replicates at identical conditions,
where no medium exchange was performed at the time of infection and the reactors were
infected with the same virus strains to capture process variability. Thus, a total of 6x2 L

10  bioreactors were inoculated with 1:8 split cell culture contents from SRs and infected with all
three 2008/2009 seasonal virus strains with no medium exchange process.

[0338] The last 2 experiments were performed to generate more data for the
performance of no medium exchange process for the 08/09 strains. For the 4™ experiment,
3x2L FPRs were inoculated from 1x2L SR and were infected with all three seasonal virus

15  reassortant types. Experiment 5 was a replicate of experiment 4 using identical conditions.
The experiment was repeated in order to capture process variability in order to access
performance of the no medium exchange process.

[0339] The virus strain used for infection and the source of cells used to inoculate
FPRs in each experiment are described in Table 6.

20
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Table 6. Virus strain and cell source used in Final Production Reactors (FPRs)
infection
Cell
Experiment  Source FPRs Infection virus
(SRs)
FPR1.1.1 ca A/Uruguay

Experiment 1 SR1
P FPR1.1.2 ca A/Uruguay

FPR2.2.1 ca A/South Dakota

Experiment 2
FPR2.2.2 ca A/South Dakota

SR2 .
. FPR3.2.1 ca B/Florida
Experiment 3 )
FPR3.2.2 ca B/Florida
FPR4.3.1 ca A/Uruguay
Experiment 4 SR3 FPR4.3.2 ca A/South Dakota
FPR4.3.3 ca B/Florida
FPR5.4.1 ca A/Uruguay
Experiment 5 SR4 FPR5.4.1 ca A/South Dakota
FPR5.4.3 ca B/Florida

[0340] Seed Reactors (SRs): For all the experiments, cells were grown in seed

5  Dbioreactors at either 2L or 5L scale using 2 g/L of Cytodex 3 microcarriers in MediV SFM

105 medium containing Trace Elements A, B and C (MediV SFM 105 + TE) or MediV SFM
109 media. The composition of MediV SFM 105 with trace elements A, B and C is nearly
identical to MediV SFM 109 media, with the exception that MediV SFM 105 is made out of
liquid and MediV SFM 109 is made out of powder and contains less sodium selenite. The

10 glucose and glutamine concentrations were 9.0 g/L. and 4mM respectively. The vessels were
inoculated at 1.35x10° cells/mL for experiments 1 to 3 and 1.8x10° cells/mL for experiments
4 and 5. The dissolved oxygen (D.O.) in SRs was maintained at 50% using a combination of
pure oxygen and N, at a constant total flow of 0.02 vvm. The pH control was dual sided
utilizing both CO; and 1N NaOH for all the SRs. Working volume for SRs for experiment 1

15  and experiment 2 were 2 L and 5 L respectively. Both were equipped with one marine
impeller and agitated at 175 RPM. The working volume SRs for experiments 3 and 4 was 2
L. Both were equipped with 2 Lightnin impellers and agitated at 175 RPM. The impact of
impeller and working volume on cell growth and metabolism is neglected for the scope of
study. For the first 3 experiments, SRs were inoculated with 22.5 cells/MC. In order to

20  achieve better cell growth, the SRs for experiment 4 and 5 were inoculated at 30 cells/MC.
The experimental design describing each FPR with its respective SR is presented Table 6 and

the process conditions are described in Table 7 for each SRs. After 4 days post seeding, the
96
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agitator, gas flow and D.O. and temperature controls of SRs were switch off to allow

microcarriers to settle and cells were washed and trypsinized with one half of the working

volume of bioreactor with addition of 10x TrypLE and pHS essentially as detailed below in

the Example provided in Section 8.2, below. The contents of SRs were trypsinized using B2B
5  transfer protocol as specified in Table 8.

[0341] Final Production Reactors (FPRs): The seed reactors contents were then

pumped into feed bottles and 125 mL of this cell inoculum were used to inoculate the FPRs at
the split of 1:8. The cells in the FPRs were grown in MediV SFM 110 medium containing 9.0
g/L glucose concentration. 2 L FPR glass vessels were equipped with 2 lightnin impellers and
10  agitated at 175 RPM. The D.O. was controlled at 50% air saturation controlled with total flow
strategy at 0.02 vvm, where constant total flow of 40 mL/min was maintained where supply
of N, gas was calculated from O, and CO; gases (N,=40-0,-CO,). The pH control was dual
sided utilizing both CO, and 1N NaOH for all the FPRs. The temperature during the growth
and infection phase was controlled at 37 °C and 33 °C respectively. The virus strain for FPRs
15  are listed in Table 6 and process conditions during growth and infection phase for the FPRs

are listed in Table 9.

Table 7. Seed Reactor (SR) Process Conditions

. Controlled Quantity
Parameter set-points

SR1 SR2 SR3 SR4
Glucose (g/L) 9.0 9.0 9.0 9.0
Initial cells/al)cro-carrlers 295 295 30 30
Final Working Volume (L) 2 5 2 2
Micro-carrier (MC)
concentration (g/L) 2 2 2 2
Dissolved Oxygen 50 50 50 50
pH 7.4 7.4 7.4 7.4
Growth Temperature (°C) 37 37 37 37
Impeller quantity/ type 1/ marine 1/ marine 2/ lightnin 2/ lightnin
Agitation (RPM) 175 175 175 175
, With 1N With 1N With 1N
pH control With IR FaOfand  NaOHand  NaOHand  NaOH and
2 CO; CO;, CO,
Total flow (constant
throughout the run) 40 40 40 40
(mL/min)
Media used SFM10S with Trace  gevq09  SFM109  SFM109

elements A, B, C
97
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Table 8. Trypsinization conditions using bead to bead protocol

Steps Specifications and Set-points Values Units

1. Remove Media 80 %

2. Add 0.5mM EDTA/DPBS wash solution to the original 80 %
working volume

3. Start the agitation to original setting 15+5 min

4. Stop agitation to allow MCs to settle down 15+5 Min

5. Remove media and DBPS 80 %

6. Add 0.5mM EDTA/DPBS wash solution to half of original 50 %
working volume

7. Set agitator speed 250 RPM

8. Start the DO and temperature controls to original settings 50,37 %, °C

9. Adjust the pH setting on controller 8.0 pH

10. Add 10x TrypLE Select (X of remaining volume) 0.05 X

11. Time for trypsinization 50+ 10 Min

Table 9. Final Production Reactor (FPR) Process Conditions

Parameter set-points FPRs
Final working volume (L) 2
Final microcarrier (MC) concentration (g/L) 2
Cell source B2B SR
Split ratio 1.8

Volume of SR content post bead to bead

transferred (mL)* 125
Dissolved oxygen 50
pH 7.4
pH control With 1N NaOH and CO,
Agitation (RPM) 175
Final growth media glucose concentration 9.0
(g/L)
Growth temperature (°C) 37
Media SFM110
Infection temperature (°C) 33
10x TrypLE select concentration (X) 0.03

*The cell content is concentrated 2X during the bead to bead transfer process. Accordingly,
125 mL post bead to bead is equivalent to 250 mL pre bead to bead.

[0342] Analytical Procedures: Daily sampling of the vessels were performed. Cells

were counted using the Nucleocounter, and photographs were taken using microscope at 10x
magnification to examine cell morphology. pH, pO2, pCO2 and concentrations of glucose,

lactate, glutamine and ammonium were monitored daily using a Nova Bioprofile 400

98



Titer (VH-P) tddO HdIl CS Eluate Zddi ZddO Final Titer Overall Yield 0) 917 BPG100 g asogu 909Z

901. E./9 19.1 vgE.O vi79vo 178'0 0/0Z 0901. 0691. 9.091 061 AVE 1491 v17'91
WO 2010/036760 PCT/US2009/058157

Analyzer. A pH re-calibration of the bioreactor was carried out when the difference between
the online and offline values was higher than 0.03 pH units. Infected samples were stabilized
with 10x Sucrose Phosphate (SP) and frozen at -80°C until analyzed. The progression of the
virus replication was analyzed by measuring the viral infectivity by Focal Fluorescent Assay
5  (FFA) essentially as described below.

[0343] Focal Fluorescent Assay (FFA): MDCK cells are grown in 96 well plates in
MEM/EBSS+ 1X non-essential amino acids + 2 mM glutamine + PEN/Strep (VGM) at 36 +
1°C°C, 5+2 % CO,, until confluent (~ 4 days). The VGM is then removed and the cells

are washed with fresh VGM followed by infection with 100 uL of virus inoculum (e.g., ca
10  A/Uruguay, ca A/South Dakota and ca B/Florida)) that is serially diluted (e.g., 107, 107 .
107) in VGM and incubated for approximately 19-20 hrs at 33 + 1 °C, 5+ 2 % CO,. Each
virus dilution is inoculated to cells in three replicates. After incubation for approximately 19-
20 hours at 33+ 1 °C, 5£2 % CO; the cells are immuno-stained with anti-influenza antibodies
to determine the virus titer of the samples according to the following procedure. The cell
15  culture medium containing the viruses is removed from each plate and the plates are washed
with 200ul/well of DPBS followed by fixation in 100 pL of cold 4% paraformadehyde for 15
+ 3 minutes at room temperature. The plates are then washed twice with 250 ul/well of 1X
Phosphate Buffered Saline + 0.05% Tween 20 (TPBS) followed by incubation of the cells
with primary antibody specific for either A strains or B strains. The primary antibodies are
20  diluted to the desired dilution in 0.1 % saponin, 1% BSA, and 0.1% sodium azide in 1X PBS
(SBSA). After incubation for 60 + 5 minutes at 37 £ 1 °C, the primary antibody is removed,
cells are washed thrice with 250 uLL TPBS, and secondary antibody conjugated to a
fluorescent dye (e.g., rabbit anti sheep labeled with FITC) prepared to the desired dilution in
SBSA is added to the wells. After incubation for 60 £+ 5 minutes at 37 = 1 °C, the secondary
25  antibody is removed and the plates are washed twice as described above and twice with nano
water followed by blot-drying with paper towels. The plates are then air dried with the lids
off in the dark at room temperature for at least 10 minutes. The fluorescent signals are
visualized using an inverted fluorescence microscope at 100x total magnification. Images
may be taken using imaging software such as the SPOT program. Generally the central band
30  ofcach well is examined and all foci are counted and only those wells which have a count of
between 8 and 120 foci are counted. The log;o FFU/mL is calculated for each well counted

and the mean and standard deviation of three wells are calculated.
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8.1.2 Results and Discussion

[0344] Cells were inoculated with 22.5 and 30 cells/microcarriers (MC) for the seed
bioreactors for the first 3 experiments and last 2 experiments respectively. Figure 1 plots the
viable cell density (VCD) and cell viability (V%) for the SRs for all experiments. At 4 dps

5  the cell densities for the seed reactors ranged from 0.94 to 1.14 million cells/mL. The
difference in cell density was potentially due to the difference in inoculation cell
concentration of 22.5 and 30 cells/MC. The cell density at 4 day post seeding (dps) in SRs
inoculated with 22.5 and 30 cells/MC were 0.95 £ 0.01 and 1.12 £ 0.024 million cells/mL
respectively. Cell viability for all bioreactors was above 90%. After 4 days of cultivation,

10 bead to bead transfer with 1x 0.5 mM EDTA - DPBS wash and 10x TrypLE select was
performed in the seed reactors to trypsinize cells. The trypsinization lasted 30 +/- 10 minutes
with intermittent sampling to observe cell detachment under the microscope. After about 30
to 40 minutes trypsinization, approximately 90% of cells were detached from MCs and seen
as single cells as shown in Figure 2. The trypsinized cells were used to inoculate the final

15  bioreactors at a split ratio of 1:8 for all the experiments. The cell growth for all the FPRs was
plotted in Figure 3. Since the VCD for all the FPRs in experiment 2 were less than 0.6x10°
cells/mL at 4 dps and the cell culture in these FPRs experienced longer lag phase, these cells
were infected on 5 dps instead of 4 dps. In addition, the post infection VCD data were not
available for FPRs in experiment 4. Finally, in spite of the low VCD of less than 0.5x10°

20  cells/mL the FPRs were infected on 4 dps in experiment 5. The viability was above 90% for
the FPRs during cell growth phase.

[0345] The cell density at the time of infection for all the FPRs are recorded in Table
10. Large variation in viable cell density was seen. It ranged from 0.44 to 1.12 x10°
cells/mL. This difference was related to cell counting error. The average VCD for both SRs

25  and FPRs is recorded in Table 11. On 4dps average VCD for SRs and FPRs is about 1.12x10°
cells/mL and 0.73x10° cells/mL, respectively.
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Table 10. Viable cell density at infection for all FPRs (unit: x10° cells/mL)

Runs VCD at infection|Days post
(x1076 cells/mL)| seeding
FPR1.1.1 1.12 4
FPR1.1.2 0.98 4
FPR2.2.1 0.56 4
FPR2.2.2 0.66 4
FPR3.2.1 0.68 5
FPR3.2.2 0.44 5
FPR4.3.1 1.09 4
FPR4.3.2 0.69 4
FPR4.3.3 1.07 4
FPR5.4.1 0.51 4
FPR5.4.2 0.51 4
FPR5.4.3 0.44 4

Table 11.  Average viable cell density for all SRs and FPRs
Average 4dps VCD SRs w/ & of 22.5 cells/ MC 0.95 + 0.01
(x10° cells/mL)
SRs w/ A of 30 cells/ MC 1.12 £ 0.024

Average VCD at

infection (x10° FPRs with no MX process 0.73 £ 0.026
cells/mL)
5 [0346] After trypsinization, the cells in FPRs attached to the microcarrier beads at 0

dps and then began to proliferate on the surface of the microcarrier beads. Most of the

microcarriers were covered with cells and only some beads remained empty (no cells

covering the beads) by 4 dps. Cell morphology was similar in all the experiments.

Photographs showing typical cell morphology on 3 dps and 4 dpi are presented in Figure 4
10  and Figure 5, respectively.

[0347] On 4 or 5 dps, the FPRs in experiment 1, 2 and 3 were infected with ca
A/Uruguay, ca A/South Dakota and ca B/Florida respectively. Prior to infection 0.03x of 10x
TrpLE select was added to the cell culture medium.. In experiment 4 and 5 individual FPR
was infected with one of the three seasonal strains ca A/Uruguay, ca A/South Dakota and ca

15  B/Florida at 20 FFU/mL. Figure 6 shows that peak virus titers were reached between 68 and
74 hours post infection (hpi). Moreover, the virus titer remained high thereafter until 92 hpi..
[0348] The average virus titers for each virus strain types is summarized in Table 12

They were 8.7, 8.8 and 8.45 logo FFU/mL for ca A/Uruguay, ca A/South Dakota and ca
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B/Florida, respectively. This is in line to or above what was observed for these viruses when
67% medium exchange was made.
[0349] Additional experiments were performed to compare viral titers for four strains

(ca A/Wisconsin/67/05, A ca A/Uruguay, ca A/South Dakota and ca B/Florida) produced

5 using the 67% medium exchange process (performed essentially as described in International
Patent Publication WO 08/105931, see Example 12) versus no medium exchange process
(performed essentially as described above). At least two runs were performed for each
process and strain. It can be seen from Figure 7 that the peak viral titers for each strain are

comparable between the 67% medium exchange and the no medium exchange process.

10  Table 12. Average peak virus tiers for each virus strains for the FPRs.

Virus strain Average peak virus Peak harv_est No. of

titer (log10FFU/mL) day (dpi) FPRs

ca A/Uruguay/716/2007 8.7+0.05 3 4x2L
ca A/SouthDakota/6/2007 8.8+0.0 3 4x2L
ca B/Florida/4/2006 8.45+0.25 3 4x2L

[0350] Medium exchange is a major operational step in current cell culture-based
influenza vaccine manufacturing process. Many efforts have been made to eliminate medium
exchange prior to infection since without medium exchange the probability of microorganism

15  contamination will be reduced and more operational friendly processes can be implemented.
Through a series of twelve bioreactor runs without medium exchange the process
performance data, more specifically, cell detachment/ attachment, cell growth and virus titers
were collected to assess the variability of a new vaccine production process and the feasibility
of inoculating FPR with cells directly taken out of SR using a new bead to bead transfer

20  procedure. Three virus strains namely, ca A/Uruguay, ca A/South Dakota and ca B/Florida
were each produced four times with no medium exchange prior to infection. It was
confirmed that VCD could be reached up to 1 x10° cells/mL on 4 dps in SRs and B2B
transfer with 1x DPBS, TrypLE Select and EDTA could be accomplished successfully with
effective (>90%) cell detachment in seed reactors after 30 to 40 minutes of trypsinization.

25  Cells in FPRs proliferated on the surface of microcarrier beads and reached average VCD of
about 0.73 x10° cells/mL at the time of infection. Peak virus titers for ca A/Uruguay, ca
A/South Dakota and ca B/Florida for all the FPR runs with no MX process were 8.7+0.05,
8.840.0 and 8.45+ 0.25 log)o FFU/mL respectively at 3 dpi. This was better than or in-line

with what was generally observed for the virus strains with the 67% medium exchange (see
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Figure 8). The peak virus titer for all virus types was greater than 8.4 log;o FFU/mL. These
results clearly demonstrated that the B2B transfer and no MX process described here is a very
robust process. They minimize the use of costly medium reagents and can reduce the

likelihood of contamination.
8.2 Alternating Tangential flow (ATF) process

[0351] To facilitate in situ fluid exchange in bioreactors we have developed a cell
culture based manufacturing processes using ATF to: a) wash microcarriers in situ); b)
exchange cell culture media in culture vessels; and c) separate the production cells from cell
culture-produced biologicals, vaccines and other materials and harvest the bulk products in a
much more efficient and controlled fashion. As shown in Figure 18, no microcarries are
present in the waste bag after microcarrier sterilization or after media exchange. Further
more, as shown in Table 13, the use of ATF coupled with direct flow filtration during viral
harvest does not result in any increase in host cell protein or host cell DNA present in the

harvest or the final purified product.

Table 13. Host DNA and Protein In ATF Produced Material

ca B/Malaysia DNA (ng/mL) Total Protein Titer
Lot: App07-60 by Picogreen (ug/mL) by BCA § (logl0FFU/mL.)
12000s-1, 70LMH
Bioreactor VH 6588.8 1277.04 8.7
SP added to VH (SVH) 4583.2 1108.77 8.6
SVH 1 hr (ATF start) 6278.4 1135.20 8.6
ATF 0.25h 4755.7 1130.69 8.7
ATF 0.5h 6776.8 1204.43 8.6
ATF 0.75h 4505.1 1128.49 8.6
ATF 1h 5239.3 1155.79 8.7
TFF1 (5XUF 5XDF) (ATF/DFF/TFF 5794.5 84.18 9.1
coupling)

[0352] This example describes the processes and parameters used for several
production simulation runs that utilized ATF and control runs which did not. Representative
equipment and reagents that can be used in the process are detailed in Table 14 and Table 15.
Of course, other equipment and reagents which perform similarly may be optionally
substituted herein and specific mention of particular brands or types of equipment and
reagents should not be construed as limiting unless specifically indicated to be so. The ATF
system provides an efficient means for fractionating a mixture or suspension cells, molecules
and other particulates. The ATF process provides the means for generating rapid, low shear,

tangential flow. The ATF system provides the means for confining the process. Since the
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entire process is enclosed the ATF system can be used for pre and post-sterilization of

microcarrier bead washes, pre-infection media exchange and during the harvest process.

The filtration system consists of a housing assembly that can accept either a hollow fiber
filtration module or a screened module for fractionation of larger particles such as
5 microcarriers. The housing is positioned between the process vessel or a bioreactor at one end

and a diaphragm pump at the other end. The vessel serves as a storage container for the
content to be filtered. A filtrate pump is used for controlled removal of the filtered stream.
The unfiltered material remains in the system. ATF is a pulsating, reversible, flow of fluid,
back and forth, between process vessel and diaphragm pump. The pump is partitioned into

10 two chambers with a flexible diaphragm. One of the pump chambers serves as a liquid
reservoir that registers with the process vessel through the screen module. The second pump
chamber is an air chamber that registers with pump flow control system. Typically, controlled
addition of compressed air into the air chamber increases the pressure in this chamber relative
to the process vessel. This expands the air chamber, inversely reducing the volume in the

15  liquid chamber, in the process driving the liquid content from pump to process vessel through
the screen module. The flow through the screen module lumens generates tangential flow in
one direction. Inversely, with a slightly presuurized vessel or by attaching the air chamber to
an exhaust or vacuum, the pressure in the air chamber is reduced relative to the process vessel
and the liquid flow will be from the vessel to the liquid chamber of the pump generating

20  tangential flow in the other direction. The cycle is repeated.

Table 14. Materials and Reagents

MediV 105 SFM (final 9 g/ N/A See Table 2 above
_glucose)
 NaOH pellet EM | §X0583-3
Lima Bean Trypsin Inhibitor Worthington - LS002829
| . _ ATCC aceession number PTA-7910,
e sewooMIbsL L
(TrypLE Select 1X o nvitrogen 12563-001 e
Cytodex 3 mersham 17-0485-03
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA GBOBGIERCES
DPBS (without Ca*" and Mg™") Invitrogen - 14190-136

25
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Table 15. Equipment List

Bio Safety Cabinet (BSC) Baker SG-600
...... T I e
CO; Incubator Thermo Forma 3110
. .80°C Freezer Reveo ULT2586-9-A36
Cedex Cell Counter Innovatis _Go7DOOI38
- NucleoCounter ChemoMetec A/S  M1293-0000
Tubing Welder Terumo SCD IIB 72721T

Roller Bottle Incubator Bellco 7630-80589

7611000010

2L Bioreactor

701002352

Bioreactor DO probe

Bio Controller Applikon ADI 1030

Z5100002M0O

Lipseal stirrer assembl

Nova Bioprofile Analyzer Bioprofile 400

ATF?2 with C26 controller Refine Technology Z7:ATF2:MC-G1

[0353] Pre-seeding preparations: ATF may be utilized for any process in which fluid

is removed and/or exchanged from the bioreactor. For example, the ATF system can be used
to remove the DPBS wash solution after hydrating the microcarrier beads prior to sterilization

5  ofthe vessel and/or after the autoclaving steps the ATF system can be used to remove the
DPBS wash solution and replaced with Complete Growth Media. Table 16 shows the ATF
control settings utilized during fluid exchange in production simulation runs 1-3.

1. Prepare Cytodex 3 microcarrier and weigh desired amount of Cytodex 3 (4g for
2L bioreactor and 10g for SL bioreactor) and transfer to cleaned sterile
10 bioreactor and hydrate in 50 ~ 100 mL of 1X PBS per gram of beads no less than
3 hours or overnight and washing with fresh PBS.The washing steps can be done
with the ATF using settings detailed in Table 16.
2. Attach tubing and filters to all free headplate ports.
3. Connect DO probe overnight prior to calibration to allow for polarization (Note:
15 minimum of 6 hours).
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Calibrate pH and DO probes according to the manufacturer’s instructions and
attach to the assembled bioreactor making sure that the tip of the probe is
submerged within the DPBS already present in the reactor vessel. Add more
DPBS to the reactor vessel if necessary.

Autoclave the entire unit at 121°C for 30 minutes at 15 psi in the liquid cycle.

Once autoclaved and cool, connect the DO probe, the pH probe and the stirrer

motor.

Aliquot 1N NaOH into small feed bottles, connect base line and prime to its

respective reactor vessels.

Batch media a day before inoculation (seeding)

a. Warm up desired amount of cell growth media (CGM), MediV 105 SFM, in
the 37°C waterbath.

b. Drain out the DPBS from bioreactor from the drain port. Alternatively, use the
ATF system to drain the DPBS wash solution and replace with CGM using
settings detailed in Table 16.

C. Wash beads once with fresh, warmed CGM with the following steps:

1) Add desired volume of CGM after draining out of DPBS.
i1) Turn on agitation control to 120 rpm for 10 minutes
ii1) Turn off agitation to allow the beads to settle and drain out the supernatant.

d. Add desired volume of CGM to bioreactor.

Turn on aeration, temperature control and stirrer. Set points for cell expansion are

as follows: pH = 7.4, temperature = 37°C, DO = 50% air saturation, and stirrer =

between about 135 to about 175 rpm (generally faster for smaller bioreactor).

Add glucose to final 9 g/L

Draw samples and measure by NOVA, perform DO calibration and pH correction

(if needed).

Turn on bioreactor controller and run with a flow rate between 40 and 320

mL/min (for working volumes between 2 to 16 L).

ATF Control Settings

ATF Control Settings

Run #1

Run #2

Run #3

Run #4

Pressure set point

0.6 psi

0.6 psi

1 psi

1 psi

Pressure cycle flow

3.1 L/min

3.1 L/min

4 L/min

4 L/min

Exhaust cycle flow

1.8 L/min

1.8 L/min

2L/min

2L/min

Exhaust time

3.8 sec

3.8 sec

2.7 sec

2.7 sec

Filtrate flow rate
(Media exchange)

500 mL/min

500 mL/min

750 mL/min

750 mL/min

Filtrate flow rate
(harvest)

160 mL/min

160 mL/min

160 mL/min

160 mL/min

[0354]

Seeding and Growth: Calculate the average viable cells per roller bottle or

seed reactor and transfer the appropriate amount of cells into glass feed bottle with fresh,

warmed media. A straight 1:8 split may be utilized for bead to bead transfer, or alternatively

a seeding density of between about 1 x 10° to about 1.5 x 10° may be used. Note cells may

be split using any of the bead to bead transfer methods described in Examples 8.3 or 8.4

below. The data shown in Figure 17 were generated from cells split using the EDTA/Trypsin
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protocol (Example provided in Section 8.3). After inoculation, draw sample for post-
inoculation Nova and nuclei count daily. Once the nuclei count reached the desired cell
density in 3 ~ 4 days post culturing, perform virus infection. Set points for cell expansion are
as follows: pH = 7.4, temperature = 37°C, DO = 50% air saturation, and stirrer = between
about 135 to about 175 rpm (for working volumes between 2 to 16 L).

[0355] Infection: Prior to infection about 66% of the CGM is removed an replaced
with complete infection medium (CIM, DMEM/F-12, 45% glucose, 200 mM L-glutamine,
1:330 dilution of 10X TrypLE) as follows: All control loops are turned off and the
microcarrier beads are allowed to settle. The desired amount of media, equivalent to 66% is
removed from the bioreactor and replaced with fresh, warmed CIM. The set points are
adjusted and the controller loops are turned back on. Set points for infection are as follows:
pH = 7.4, temperature = 33°C, DO = 50% air saturation, and stirrer = between about 135 to
about 175 rpm (for working volumes between 2 to 16 L). Table 16 shows the ATF control
settings utilized during media exchange in production simulation runs 1-3. Using the control
settings described in Table 16 the desired amount of media, equivalent to 66% is removed,
using the ATF system with agitation and not allowing the microcarrier beads to settle, from
the bioreactor and replaced with equal volume of fresh, warmed CIM. Once the set points are
reached the desired amount of virus is added. If desired a nuclei count is performed prior to
infection and the amount of virus need to infect the bio reactor is calculated, for example 20-
200 MOI (FFU/mL) for seasonal strains or 2000 MOI (FFU/mL) for pandemic strains may be
used. Alternatively, a set amount of virus at a known concentration (FFU/mL) is added based
on the working volume of the reactor. See for example WO 08/105931 (Example 12 in
particular).

[0356] Harvest: At the desired time (generally between 48-72 hours post infection)
the control loops are turned off and the microcarrier beads are allowed to settle. An
appropriate sterile bag container is attached to the bioreactor outlet port and the viral harvest
is removed by peristalitc pump or ATF device. When using a peristalitic pump care must be
exersized to not include the microcarrier beads. Once harvest is complete 10X SP buffer
(2.18 M sucrose and 110 mM potassium phosphate, pH 7) may be added to the bag to a final
concentration of 1X. When ATF is utilized the harvest step may be directly coupled to the
direct flow filtration step as described in Example provided in Section 8.6.3, below. Table 16

shows the ATF control settings utilized during harvest in production simulation runs 1-4.
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8.3 Rapid Bead to Bead Transfer Process with Low Concentration of Protease

[0357] This example describes the processes and parameters for rapid and efficient
bead to bead transfer of MDCK cells using DPBS/0.5mM EDTA pHS8 wash solution and a
low concentration of protease (e.g., 0.05X TrypLE) in spinner flask, shaker flask or stirred
tank bioreactor. An overview of the process flow is provided in Figure 8 A. Representative
equipment and reagents that can be used in the process are detailed in Table 17, Table 18, and
Table 19. Of course, other equipment and reagents which perform similarly may be
optionally substituted herein and specific mention of particular brands or types of equipment
and reagents should not be construed as limiting unless specifically indicated to be so.

[0358] This process was utilized in the twelve runs described above. As noted, a
proper cell detachment in the seed reactors and attachment for cells in FPRs was observed
using the bead to bead transfer protocol using 1x DPBS wash with EDTA and trypsinization
using TrypLE select at pH8. Thus, the bead to bead transfer process is rapid, efficient and

robust.

Table 17. Equipment List

Equipment Manufacturer Model

Bio Safety Cabinet (BSC) Baker - SG-600
Controller/Console Applikon ADI1O30/ADILI03S
fgf efstﬁr)lk bioreactors (SL, 4\ likon 7611000010
Microscope Zeiss or Nikon Axiovert25

Cedex Cell Counter Innovatis G007D00138
Peristaltic Pump Cole Parmer 7553-70 or equivalent

Table 18. Materials and Reagents

Component Suggested Vendor Catalog Number

10X TrypLE Select Invitrogen - 04-0090DG

Ethylencdiaminetetraacetic acid : ; Cat #E5134-500G
(EDTA. disodiom salt dibydrate) by | D1EWE 01 sduivalont

0.5M EDTA pHS Gibco 15575038

0.5M EDTA pHS In-House NA
Dulbecco’s Phosphate Buffered Saline
R 2+ 2+

Gibco or equivalent 14190-367
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Table 19. DPBS/0.5mMEDTA - pH8 Wash Solution Preparation

Component Concentration Volume (mL)
DPBS N/A 1000
0.5M EDTA pHS (Gibco or In-house) 0.5mM 1

pH 8.0 +0.1 NA

[0359] Preparation of 1.X Liquid Medium DPBS from 10X DPBS powder: Add

powdered medium to room temperature water with gentle stirring. (Do not heat water). Rinse
out the inside of the container to remove all traces of powder. Dilute to a desired volume
with water. Stir until dissolved. (Do not over-mix). Adjust pH of medium to 7.8 £ 0.1 (final
working pH is 8.0). pH units will usually rise 0.1-0.3 upon filtration. After pH has been
adjusted keep container closed until medium is filtered. Sterilize immediately using 0.1
micron membrane.

[0360] Preparation of 0.5M stock EDTA: Add 186.1g EDTA (disodium, dihydrate) to
800 mL of deionized water. Add about 20g of NaOH pellets or 10N NaOH while stirring to

bring pH to 8.0. Note: Add the last few grams slowly to avoid overshooting the pH. EDTA
won’t dissolve until the pH is around 8. Adjust volume to 1L with deionized water. Filter
with 0.1 micron filter. Aliquot into smaller volumes (200mL each bottle) and store at room
temperature.

[0361] Preparation of DPBS/0.5 M stock EDTA: Add ImL of 0.5M stock EDTA pHS
for every liter of DPBS. Adjust pH of medium to 7.8 + 0.1 (final working pH is 8.0) if

necessary. Note: pH units will usually rise 0.1-0.3 upon filtration. Filter with 0.1 micron
filter.
[0362] IXDPBSAO. 5mM EDTA- pHS.0 Wash Procedures: Stop the agitation, pH,

DO, temperature controls if applicable. Let microcarrier beads settle for 15 + 5 minutes.
Remove through the outlet port 80 + 10% of spent growth medium. See Table 20. Note: this
procedure could be done using alternating tangential flow (ATF). Replace with equal
volume of 1X DPBS/0.5 mM EDTA - pHS8.0 wash solution to the culture vessel. See Table
20. Start the agitation to original setting and wash cells for 25 + 5 minutes. Stop the
agitation and let microcarrier beads settle for 15 £ 5 minutes. Remove through the outlet port
80 + 10% of wash solution. See Table 21. Note: this procedure could be done using the ATF.
Add 1X DPBS/0.5 mM EDTA - pHS8.0 wash solution to the vessel up to 50% of working
culture volume. See Table 20. Set agitator speed to desired rpm. See Table 21. Start the
agitator, pH, DO and temperature controls. Adjust the pH setting to 8.0. See Table 21.
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Table 20. DPBS/0.5 mM EDTA - pH8.0 Wash Volume and Agitation speed

Bioreactor working volume

2L 5L 10L 15L
Vol. to be removed (L) 1.6+0.2 4+£0.5 8+ 1 12+1.5
Vol. to be added (L) 1.6+0.2 4+£0.5 8+ 1 12+1.5
Agitation (rpm) 175 175 134 134

Table 21. 1X DPBS/0.5 mM EDTA pHS8.0 Wash Volume, Agitation speed, pH, Temp
and DO settings

Bioreactor working volume

2L 5L 10L 15L
Vol. to be removed (L) 1.6 +0.2 4+£0.5 8+ 1 12+1.5
Vol. to be added (L) 0.6+0.2 1.5+0.5 3.0+£1.0 45+£1.5
Agitation (rpm) 250 250 220 220
pH 8.0+0.1 8.0+0.1 8.0+0.1 8.0+0.1
Temperature 37+0.1°C  37=x0.1°C 37+£0.1°C 37+£0.1°C
DO 50% 50% 50% 50%

[0363] Cell Detachment Procedure: When the culture pH reached to 8 + 0.1, add
calculated volume of 10X TrypLE to a final concentration of 0.05X through the injection port
or through the medium port. See Table 22. Note: You can also perform 1:200 dilution of the
10X TrypLE relative to the desired working volume. Through the sampling port, take sample

10 aliquots every 15 £ 2 minutes until fully detached. Note: Cell detachment should be complete
in <60 minutes. Add basal medium to the original working volume of the culture vessel.
Stop all control loops except the agitator and pH controls.

[0364] Bead to Bead Procedure: Transfer the desired volume of detached cells to

final production reactor. See Table 23.

15 Table22. 10X TrypLE volumes

Bioreactor working volume
2L 5L 10L 15L
10X TrypLE (mL) 5 12.5 25 37.5

Table 23. Bead to Bead Process Transfer to Final Production Reactor

Bioreactor working volume

1:8 split

2L 5L 10L 15L
Vol. of trypsinized cells 0.250L 0.625L 1.25L 1.875L
Complete Growth medium 1.725L 4.375L 8.75L 13.125L
Cytodex3 microcarriers 3.45¢g 8.75¢ 17.5¢ 26.25¢
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8.4 Protease-Free Bead to Bead Transfer Process and use of ATF

[0365] One of the major challenges for producing vaccines, recombinant proteins and
other bio therapeutics is to reproducibly detach the adherent production cells from the culture
vessels and then reattach them to new culture vessels, a process normally known as sub-

5  culturing of cells. This task becomes particularly difficult for microcarrier-based production
in large scale manufacturing. To ensure the cells be properly sub-cultured trypsin or trypsin-
like reagents (e.g., TrypLE) are commonly used. However, the trypsinization process can be
hard to control and the risk of over- or under-trypsinization can have a negative impact on the
robustness of manufacturing processes and even reduction in productivity. Here we describe

10 anew method that allows mammalian cells, in particular highly adherent MDCK cells, to be
serially passaged without using trypsin or trypsin-like reagents. This method makes use of
EDTA to replace trypsin or trypsin-like reagents. This method may further be coupled with
alternating tangential flow device (ATF) to facilitate in situ fluid exchange in the bioreactors.

[0366] With the newly developed protease-free process we have successfully

15  passaged MDCK cells for more than 5 times consecutively and consistently reached high cell
viability (> 90%) and high cell density (> 1X 106 cells/mL) (see Figure 15). We have also
used the cells prepared by this method to produce high titer viruses including cold adapted
live attenuated influenza viruses of several different subtypes. The virus titer was at least 8
log10 FFU/mL for each of the three representative virus strains that compose the seasonal

20  vaccine (A/H1, A/H3 and B strains)(Figure 16, and data not shown). This process can be
used for both vaccine and cell culture-based biological (monoclonal antibody, recombinant
protein, etc.) production at large and small scale.

[0367] This example describes the processes and parameters for rapid and efficient
bead to bead transfer of MDCK cells by washing the cells and incubating the cells with

25  EDTA pHB&in spinner flask, shaker flask or stirred tank bioreactor in the absence of any
protease. Representative equipment and reagents that can be used in the process are detailed
in Table 17, Table 18, and Table 19 above. Of course, other equipment and reagents which
perform similarly may be optionally substituted herein and specific mention of particular
brands or types of equipment and reagents should not be construed as limiting unless

30  specifically indicated to be so.

[0368] IXDPBSA. 5mM EDTA- pHS.0 Wash and Incubation Procedures: Stop the

agitation, pH, DO, temperature controls if applicable. 1) Let microcarrier beads settle, 15+ 5

minutes is generally sufficient, and remove ~70-80% or more of spent growth medium.
111



ciLO0O0OO00LOOO iwi6u Vt.0 9900 11-0 SZ.0 91;0 Vt.0 co.() Z61, cvo co s!AAIV 8V BPG100 ql
asop/6u 9000 9000 ZzOO'0  1,0EO

10

15

20

25

30

WO 2010/036760 PCT/US2009/058157

Note: this procedure could be done using alternating tangential flow (ATF). 2) Replace with
desired volume of 1X DPBS wash solution to the culture vessel. Generally, an equal volume
of wash buffer is suggested for efficient washing. 3) Repeat steps (1) and (2) as desired,
generally a total of three washes is suggested. 4) Remove wash solution as needed to leave
the desired volume (e.g., ~50% of the original volume) Note: this procedure could be done
using the ATF. 5) Add 0.5 mM EDTA — pH 8.0 to a final concentration of 0.5 mM. 6) Start
agitation as well as pH, DO and temperature controls if applicable Agitation will be generally
be between 100 to 250 rpm depending on working volume and/or impeller. 100 rpm was
utilized for small scale transfer of a few hundred milliliters or less. Also see, for example,
Table 21 for agitator speeds that may be used for larger working volumes. 7) Incubate with
agitation for 60 + 10 minutes. Sample aliquots may be drawn to check for complete cell
detachment. Table 24 details the conditions utilized for small scale bead-to-bead transfers.

[0369] Once cells are detached the cells are then ready to split. Generally, growth
added is added to desired working volume (e.g., original volume) and the desired volume of
detached cells are transfered to a new vessel. Alternatively additional growth medium and/or
microcarriers are added to the original vessel. For scale-up process a 1:5 to 1:8 split has been
found to be useful, Table 23 provides the details for 1:8 splits for several final working
volumes. Optionally, the original flask is rinsed with growth medium and combined with the
transferred material, this volume should be accounted for when performing scale-ups so as
not to dilute the cells too much. 8) Incubate the new flask at the appropriate temperature
(here 37°C was used) without any agitation for 40-60 minutes. 9) Start agitation as well as
pH, DO and temperature controls if applicable for growth of cells. 10) Repeat steps (1)-(9) as
needed for serial propagation and scale-up for infection.

[0370] Parallel cultures were serially propagated over five (5) passages using the
protease-free method (EDTA from commercial or in-house preparations) essentially as
detailed in Table 24 or ETDA/TrypLE essentially as detailed in the Example provided in
Section 8.2. For the control cells new cells were trypsinized (cells are washed and incubated
with 1X TrypLE for 15-20 min, fresh growth medium is added and the cells are centrifuged
for 10 min 1000 rpm and resupended in fresh growth medium) and used to seed spinner
flasks for comparison of cell growth/ viability and titer each passage. The cell counts and
viability over time during cultivation are plotted in Figure 15. As can be seen from the plots,
the cell counts and viability of the cultures propagated using EDTA alone (protease free) and
ETDA/TrypLE are comparable. Furthermore, both these methods were generally seen to

112



9000 200.0 Z00.0 iwibu Zt 0 600 Z031 VO 1ZO E 12Z 79'1, 92.0 LZ0O r-- ONN 99-09 BPG100 ql

asop/6u

10

15

20

25

900 1,00 60.0
WO 2010/036760 PCT/US2009/058157
produce a higher density culture then the control method. Cells from each passage of the
parallel cultures were also used to produce influenza virus. The viral titers obtained for ca
A/Wisconsin/67/07 and ca B/Malaysia/2506/04 (Figure 16, top and bottom panels,

respectively) were similar regardless of the propagation method used.

Table 24. Protease-free bead to bead transfer conditions

Steps Specifications and Set-points Values Units

1. Beads settle 15 minutes; remove media 70-80 %

2. Add DPBS wash solution to the original working volume 80 %

3. Repeat steps 1 and 2 twice for a total of three washes

4, Remove 50 ml DBPS wash solution 50 %

5. Add 50 pl of 0.5M EDTA solution 0.5 mM

6. Start agitation, CO2 and temperature controls 100, 5, 37 Rpm, %, °C
7. Time for detachment 6010 Min

8.5 Rapid Bead to Bead Transfer Process Without Washing

[0371] The presence of divalent cations in growth media can inhibit the action of
proteases used to detach cells from microcarriers. As shown above, EDTA can be used to
chelate these cations facilitating detachment of cells. A series of experiments were
performed examine the effect of EDTA concentration on cell morphology and detachment.
Figure 23 A shows untreated cells. They have a flattened morphology and are tightly adhered
to the microcarriers. Figures 23B-F show the change in morphology seen after 60 minutes of
exposure to increasing amounts of EDTA, 0.5, 1, 2, 5, and10 mM, respectively. Some
rounding is seen with the 0.5 and 1 mM treatments. Treatment with 2 mM and up results in
additional rounding and detachment. Nearly all the cells detached from the microcarriers at
the highest concentrations of EDTA. Based on these observations 1 - 2 mM EDTA can
facilitate cell rounding.

[0372] A second series of experiments was performed to examine the effect of
TrypLE concentration in the presence of 1 or 2 mM EDTA. After pre-treatment with 1 or 2
mM EDTA, TrypLE was added to the cell cultures at a final concentration of 0.0125X,
0.025X and 0.05X and detachment was monitored. Figure 24 shows the detachment seen for
the cells pre-treated with 2 mM EDTA using different concentrations of TrypLE over time.
At time zero after TrypLE addition the cells showed a rounded morphology (Figures 24A, B,
and C, 0.0125X, 0.025X and 0.05X TrypLE, respectively) with little detachment. At 60

minutes after TrypLE addition all the cultures showed some detachment. At the lower
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TrypLE concentrations (0.0125X and 0.025X) not all the cells were detached and some
clumping was observed (Figures 24 E and E, respectively). At 0.05X TrypLE nearly all the
cells were detached and little clumping was observed (Figure 24 F). However, when these
cells were transferred into a new production vessel supplemented with fresh growth medium
they failed to reattach to the old and new microcarriers, likely due to chelation of the divalent
cations in the fresh growth medium.

[0373] The addition of a matrix of CaCl2, MgCl2, MgSO4, and trace elements A, B,
and C to the growth medium was examined for the ability to overcome the chelation effect on
attachment and growth. Table 25 shows the percent of cell reattachment and spreading on
day 4 post seeding with the addition of a matrix of concentrations of CaCl,, MgCl,, and
MgSOj4 to MediV 105 SFM growth medium. Table 26 shows the cell counts on day 4 post
seeding with the addition of a matrix of concentrations of CaCl,, MgCl,, MgSQOy,, and Trace
Elements A, B, and C, to MediV 105 SFM growth medium. As shown in Table 26, MDCK
cells reached over 1E6 cells/mL and above 90% cell viability on Day 4 post bead to bead
transfer when MediV 105 SFM was supplemented with 1.5mM CaCl,, 0.15mM MgCl,,
0.4mM MgSQ,, and 2X of trace elements A, B, and C. Based on these studies additional
experiments may be performed to further optimize these factors for example to determine the
optimum growth conditions for additional cells types (¢.g., VERO cells) and/or to make this
process robust at any scale of virus production

[0374] EDTA Concentration Studies: MDCK cells grown in 850cm? roller bottles

were seeded to a 2L-seed bioreactor(MediV 105SFM, 2g microcarrier/L) at a density of
1.8.x105 cells/mL. The seedreactor was set at 7.4 of pH which was controlled by CO, and 1N
NaOH; 50% of air saturationwith the constant air of 20 mL/min; 37°C temperature; and 175
rpm of agitation. On day 4,when fully confluent ( 1.2 — 1.6E6 cells/mL) 25 mL of
microcarrier culture was transferred into 6x 100 mL- flasks, and then EDTA was added to
cach flask to make different final concentrationof 0.5, 1, 2, 5, 10, 20mM. Subsequently, the
flasks were incubated in orbital shaker at 37°C,5% CQO2, 200 rpm for 1 hour. Periodic
microscopic examination of all flasks during theincubation period was performed to check
the degree the cells become spherical in shape(rounding up) at different EDTA
concentrations.

[0375] TrypLE Select Concentration In Combination With The Optimized
Concentrations of EDTA: MDCK cells grown in 850cm?2 roller bottles were seeded to 2 x 2L-

seed reactors (MediV 105 SFM, 2 g microcarrier/L) at a density of 1.8.x105 cells/mL
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according to TR #348. The seed reactors were run for 4 days with the same bioreactor
parameters described above. On day 4, ImM of EDTA was added to one bioreactor, and to
the other with 2mM EDTA. Both were agitated for 1 hour at 175 rpm. Then, pH of both
bioreactors was adjusted to 8 before transferring cell suspensions from each bioreactor to 3 x
5 500 mL shaker flasks. From each set of culture, 10X TrypLE Select was added to each flask
to make 0.05X, 0.025X, and 0.0125X final concentrations and were incubated at 37°C, 5%
CO02, 150 rpm in orbital shaker for 30 minutes. During the incubation period, samples from
cach set were taken periodically for microscopic examination to check for degree of cell
detachment from the microcarriers. As per microscopic observation, when > 90% of the cells
10 have detached from the microcarriers an equal volume of Lima Bean Trypsin Inhibitor

(LBTI) was added to stop the trypsin activity.

Table 25. Addition of CaCl,, MgCl,, and MgSO4 to MediV 105 SFM Post No Wash

Cell Detachment
RS
Fiash Masimd) | % Csl Reattachunent
1 4. 2
2 &8 k
3 ha
4 f.4
S 8.3 5%
& .8 BE%
B ! g.4 &%
3 135 01s J48 &0%
8§ 135 .15 9.45 B5%
By G0.1% G 0%
§1 ; 015 8.3 0%
¥2 g.s 0.4 25%
13 0.15% g8 %
14 1 0.1 8.8 55%
5 & 0.1 G 5%
16 1.5 8.1 §.& &%
17 a1 g3 4%
1§ g.3 8.1 5%
29 1.5 015 e 8O
21 Q.1 4. G5%
23 1.5 [E 8.9 &5
23 1.5 Q. 8.1 %%
24 1.5 .45 8.1
28 a3 9.2 75%
28 15 Q.2 g8 G0%
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Table 26. Addition of CaCl,, MgCl,, MgSOy, , and Trace Elements A, B, and C, to
MediV 105 SFM Post No Wash Cell Detachment
FigEy TR RO M) Ty O TE &8¢
5 T .45 ¥
& B oE g8 T
$ 5 L g3 3.8 RO
13 5 0.2 3.8 A&TSC
15 15 6.8 3.4 ATEC 3
1% 1.5 ] 3.8 ATECD 5.
T 1.2 R 345 ATEC :
38 i g 0.5 3.3 ATDC g
3% iE B g .4 ERE- R 5.
34 § (1 J¥a g.8 X 1.
RS 1.5 8.3 §.2 £
35 1.8 G55 o4 X I.25E+68
34 3 oz S £X £ 3BE+05

8.6 Purification Process for Cell Culture Produced Influenza

[0376] The development of a robust large scale purification process for influenza

5  produced in cell culture required intensive development. An early stage process was

developed where the viral harvest (60-65 hours post infection) was pumped into a bag, and

10X sucrose phosphate (SP) buffer was added to the viral harvest (VH) bag at 1/10 (v/v)

dilution for viral stabilization. The stabilized viral harvest (SVH) was first treated with
Benzonase at 50 Units/mL with 2 mM MgCI2 at 32 °C for 3 hours to remove MDCK host
10 cell DNA (HCD) and the reaction was stopped by addition of 5 mM EDTA. Benzonase is an

engineered recombinant endonuclease that degrades DNA into oligonucleotides in the

presence of magnesium ions. The Benzonase treated viral harvest was then clarified by a 1.2
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um Polypropylene (PP) and 0.45 um PVDF capsule filters. The clarified VH was
conditioned by 5-fold (5X) ultrafiltration and 5-fold diafiltration with SP buffer on a 500 kDa
molecular weight cut-off hollow fiber cartridge. Virus particles would be retained in the
retentate side, while host cell protein (HCP), host cell DNA (HCD) and Benzonase would be
diafiltered to the permeate side of the hollow fiber. The concentrated and diafiltered virus
was purified using a Cellufine Sulfate (CS) chromatography column to further remove HCD,
HCP and Benzonase impurities. CS is an affinity resin that binds virus on the column and the
bound virus is eluted using a SP high salt buffer. The purified virus from column eluate
would be diafiltered by five diavolumes of SP100 (200 mM sucrose and 100 mM potassium
phosphate, pH 7.2) buffer on a 500 kDa molecular weight cut-off hollow fiber cartridge to
remove the high salt elution buffer and formulate the purified virus. The diafiltered virus
product is then stabilized by addition of cGAG in 1/9 (v/v) dilution and sterile-filtered using a
0.22 um filter to make the final bulk product.

[0377] Substantial changes were implemented to the initial process that improved the
scalability, the efficiency of the process and the final product quality. Changes made in the
process were based on the evaluation of recovery and level of impurities (HCD, HCP and
Benzonase) and were implemented into the original established process. In all, five process
steps were implemented to address scalability and to improve the efficiency of process and
final product quality. First, the viral harvest what changed to 48 hours post infection for cells
infected using a viral input of 2000 FFU/mL, this time corresponds to the peak viral titer.
Second, the HCD removal step was changed from batch-mode Benzonase treatment to on-
column Benzonase treatment. These two steps together improve the final product quality by
significantly lowering the HCD level of the starting material and final bulk. Third, the
loading concentration of the CS resin was increased from 9.0 logioFFU/mL to 9.5
log1o0FFU/mL, this reduces the production column size from 4 L to 1.4 L and improves the
process cfficiency. Fourth, the second buffer exchange volume was increased from 5 to 8
diavolumes to enhance Benzonase clearance. Fifth, the final filter flux was decreased by half
to an average of 25 L/m” to avoid any plugging during final filtration during in the CTM runs.
The final method (detailed below) provides a process that gives an average overall recovery
of 43.4%, with 0.72 ng/dose (by PicoGreen) and 0.1 ng/dose (by PCR) HCD, 0.21 ug/dose
HCP, and 0.0035 ng/dose Benzonase, all of which are below the specifications required by
regulatory agencies. Figure 10 provides an overview of the initial and improved purification
processes.

117



asopiéu 976 91'0 O iwiéu 6 OL 6.0 unel Strain Harvest (hr) uwnpo Process*

Benzonase Level HAS tdd(11
WO 2010/036760 PCT/US2009/058157

8.6.1 Materials and Methods

[0378] Materials, Reagent and Equipment: Other materials, equipment and reagents

which perform similarly may be readily substituted.
1. 1.2 um Polygard CN Opticap XL5 Filter (Millipore Corporation, Billerica, MA, Cat.
5 No. KN12A05HHT1)
2. 0.45 pm Durapore Opticap XL4 Filter (Millipore Corporation, Billerica, MA, Cat.
No. KPHLA04HH3)
3. 50 L Bag (Hyclone, Ltd, Logan, UT, Cat. No. SH30712.04)
4. 10 L Bag (Hyclone, Ltd, Logan, UT, Cat. No. SH30712.12)
10 5. Hollow Fiber, S00KD, 4,800 cm? (GE Healthcare, Uppsala, Sweden, Cat. No. UFP-
500-C-6A)
6. Hollow Fiber, 5S00KD, 290 cm? (GE Healthcare, Uppsala, Sweden, Cat. No. UFP-
500-C-3X2MA)
7. Cellufine Sulfate Resin (Chisso Corporation, Tokyo, Japan, Cat. No. 19847)
15 8. Flange O-ring (GE Healthcare, Uppsala, Sweden, Cat. No. 18-8494-01)
9. Adaptor O-ring (GE Healthcare, Uppsala, Sweden, Cat. No. 18-8475-01)
10. Bed support, 23 um, end piece (GE Healthcare, Uppsala, Sweden, Cat. No. 18-9252-
01)
11. Bed support, 23 um, adaptor (GE Healthcare, Uppsala, Sweden, Cat. No. 18-1103-08)
20 12. Gaskets 25 mm i.d. 6 mm, EPDM (GE Healthcare, Uppsala, Sweden, Cat. No. 18-
0019-27)
13. 4-port-2-way valves (GE Healthcare, Uppsala, Sweden, Cat. No. 18-5757-01)
14. Sartopore2 300 filter capsule, 0.45 um/ 0.22 um, 300cm?2 (Satorius, MA, Cat. No.
5441307H5--00--B)
25 15. Sartopore2 150 filter capsule, 0.45 um/ 0.22 um, 150cm?2 (Satorius, MA, Cat. No.
5441307H4--00--B)
16. 1 L PETG bottles (Nalgene, Rochester, NYU, Cat. No. 2019-1000)
17. 2 L PETG bottles (Nalgene, Rochester, NYU, Cat. No. 2019-2000)
18. MasterFlex platinum-cured silicone tubing L/S size 24 (Cole Parmer, Vernon Hills,
30 IL, Cat. No. 96410-24)
19. MasterFlex platinum-cured silicone tubing L/S size 36 (Cole Parmer, Vernon Hills,

IL, Cat. No. 96410-36)
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20. 1 X Sucrose Phosphate buffer (Hyclone, Ltd, Logan, UT, Cat. No. SH3A1577) -

218 mM sucrose and 11 mM potassium phosphate, pH 7 buffer

21. 1XSP/IM NaCl buffer (Hyclone, Ltd, Logan, UT, Cat. No. SH3A2034)

22. SP100 buffer (Hyclone, Ltd, Logan, UT, Cat. No. SH3A1796) -

200 mM sucrose and 100 mM potassium phosphate, pH 7.2 buffer
23. ¢cGAG buffer (Hyclone, Ltd, Logan, UT, Cat. No. SH3A1795)

24. Benzonase (EMD, Darmstadt, Germany, Cat. No. 1.01697.0002)

25. 1 M MgCl, (Sigma, St. Louis, Missouri, Cat. No. M 1028, lot # 085K 8920)
26. Quant-iT PicoGreen dsDNA kits (Invitrogen, Eugene, Oregon, Cat. No. P11496, lot #

22987)

27.0.5 N NaOH, diluted from 10 N NaOH (VWR, West Chester, Pennsylvania, Cat. No.

VW3247-7)

28. Peristaltic Pump (Watson Marlow Inc., Wilmington, MA, Models 520U, 520S and

520Di)

29. WaveMixer (GE Healthcare, Uppsala, Sweden, Cat. No. Mixer20/50EH)
30. AKTAprocess Chromatography Skid (GE Healthcare, Uppsala, Sweden, Cat. No.

28409334)

31. Uniflux10 Filtration Skid (GE Healthcare, Uppsala, Sweden, Cat. No. 28920799)
32. BPG 100 Chromatography Column (GE Healthcare, Uppsala, Sweden, Cat. No. 18-

1103-01)

33. BPG 200 Chromatography Column (GE Healthcare, Uppsala, Sweden, Cat. No. 18-

1103-11)

34. Flexstand (GE Healthcare, Uppsala, Sweden, Cat. No. 56-4107-54)

Table 27.  Viral Harvest Lots from Single Use Bioreactors (with 67% media
exchange)
Strain (all ca reassortants) Cell Culture Lot # Purification Lots | Harvest Hours
Run # post Infection
A/New Caledonia/20/99 Sub 08012007-PP 1 60-65 hr
A/Wisconsin67/05 Sub 05012007-PD 2 60-65 hr
A/Wisconsin67/05 Sub 15012007-PP 3 60-65 hr
A/New Caledonia/20/99 Sub 19012007-PD 4 60-65 hr
B/Malaysia2506/04 Sub 22012007-PP 5 60-65 hr
B/Malaysia2506/04 Sub 26012007-PD 6 60-65 hr
A/New Caledonia/20/99 Sub 05022007-PP 7 60-65 hr
A/Wisconsin67/05 Sub 16022007-PD 8 48 hr
B/Malaysia2506/04 Sub 26022007-PP 9 48 hr
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[0379] Cell Culture Viral Harvest (VH): The detail of MDCK cell growth and virus

production is described in International Patent Publication WO 08/105931 (see in particular,
Example 12). All the viral production runs were performed in a Single Use Bioreactor (SUB)
with a ~67% media exchange process and the cells were infected using a viral input of 2000

5 FFU/mL. Virus was harvested at approximately 60-65 hrs (runs 1-7) or 48 hours (runs 8-9)
post infection of MDCK cells. Microcarriers in the SUB were allowed to settle for no less
than 45 minutes prior to viral harvest (VH). Approximately 18 L of virus was pumped into a
50 L bag at approximately 0.2 L/min, and 2 L of 10X SP buffer was pumped into the same
bag for stabilization of virus harvest (SVH). After mixing, samples were taken at SVH stages

10 to test for infectivity by FFA, HCD and HCP assays.

[0380] The following process may be utilized to directly couple the viral harvest step
to the direct flow filtration step. The appropriate volume of 10X SP buffer is added to the
bioreactor to obtain a stabilized viral harvest (SVH) comprising a final concentration of about
1X SP, the microcarriers may be allowed to settle and the viral harvest is coupled together

15  with DFF and TFF steps using ATF. For example in in an ATF/DFF/TFF coupling study,
SVH was pumped directly from the bioreactor to the ATF system via the sample feed pump.
Permeate of the ATF then passed through the inline DFF capsules and finally to the Uniflux
process tank. Operation of ATF system is detailed in the ATF operational manual. The set
points of the ATF system at pressure and exhaust cycles, specific to the height and head

20  pressure of the bioreactor, were 3 L/min and 1.8 L/min respectively for 10 L and 20 L
bioreactors. The flow rate of the Uniflux sample feed pump (ATF permeate flow rate) was set
to match the specific TFF permeate flux per each experiment. The SXUF5XDF process are
detailed below. All SXUF5XDF materials were further purified up to CS chromatography
step, as detailed below.

25 [0381] Direct Flow Filtration I (DFF1): A filter rig was prepared and autoclaved the

day before viral harvest. The filter rig drawing showing the 1.2 um Polygard CN
polypropylene filter capsule and the 0.45 um Durapore PVDF filter capsule is detailed in
Figure 9A, top panel. Approximately 20 L of SVH was pumped through the closed rig
assembly at 1.5 Liter per Minute (LPM), and the filters were primed as the SVH passed

30  through them. The total membrane surface area was 1800 cm? for the 1.2 um Polygard CN
polypropylene filter capsule and 1900 cm? for the 0.45 um Durapore PVDF filter capsule. At
a filtration flow rate of 1.5 LPM, the flux for the 1.2 um and 0.45 um filters were 500 Liter
per m” area per hour (LMH) and 474 LMH, respectively. The actual loading for the 1.2 um
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and 0.45 pum filters was 111 and 105 L/m2, respectively. The clarified filtrate was collected
as DFF1 in a 20 L bag. The DFF1 filtrate was sampled and tested for infectivity by FFA, and
for residual HCD and HCP.

[0382] Tangential Flow Filtration 1, SXUltrafiltration (UF) / SXDiaFiltration (DF)

(TFF1): Tubing rigs for the Uniflux skid were prepared and autoclaved the day prior to viral
harvest. All the tubing rigs drawings are detailed in Figure 9A, bottom panel. A Uniflux™
skid was used to perform the TFF1 step using the following operating parameters. The
Uniflux skid is an automated membrane separations filtration system configured to operate
hollow fiber cartridges. A 500 kDa of molecular weight cut-off (MWCO) hollow fiber with a
0.5 mm lumen size 4,800 cm? total membrane surface area and 60 cm path length was used.
This process gives a final DFF1 loading of 41.7 L/m? membrane surface area which is in the
optimal range of 40-150 L/m2 for the TFF1 process as previously evaluated. For runs 1-6,
the same hollow fiber cartridge was cleaned post process and reused. For runs 7-9, a new
hollow fiber was prepared and used for each run. New hollow fiber cartridges were prepared
by rinsing with deionized (DI) water for 90 mins to remove the glycerol preservative,
sanitized with 0.5 N NaOH for 1 hour and equilibrated with 1X SP buffer until the pH is 7.0
before each run. The entire SXUF/5XDF process was operated using the Uniflux skid
programmed at a constant shear rate of 16000 s and at a constant TMP of 20 psi.

[0383] The entire volume of DFF1 was processed through the Uniflux skid.
Approximately SL of the DFF1 was first pumped into the Uniflux process tank. The
permeate line was closed initially to establish a recirculation (retentate) flow rate of 8.6
L/min, which is equivalent to a shear rate of 16,000 s™'. After 5 minutes of recirculation, the
5XUF process was started. The permeate line was opened to allow impurities smaller than
500 kDa such as HCP and DNA to pass through the membrane, while the retentate control
valve gradually closed to achieve a transmembrane pressure (TMP) set point of 1.4 bar (20.3
psi). The remaining DFF1 filtrate was continuously pumped into the process tank to maintain
a constant tank level of 5 £ 0.1 L until the entire volume of DFF1 was fed into the tank.
After all the DFF1 material was fed, the feed pump was stopped and the retentate continued
to concentrate until the final retentate volume reached 4 L or 16 L of permeate was collected.
The 4 L retentate (SXUF) was diafiltered by buffer exchange with 5X diavolumes of 1X SP
buffer (20 L) and the process operated at the same shear rate and TMP as described above.
The diafiltration buffer line was opened and the feed pump was started again to pump in 1X
SP buffer. SXDF process ended after 20 L of diafiltration permeate was collected. At the
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end of 5XDF, the retentate control valve was completely opened and the permeate line closed
again to allow system recirculation to sweep off any recoverable virus that was weakly bound
on the surface of the hollow fiber membrane during the process. The retentate, which
contained the concentrated and diafiltered virus product, was drained and collected into a 10
5 L product bag. For the last two purification runs (8 and 9), an additional buffer rinse step was

introduced after retentate collection. Approximately 1.5 L of 1X SP was pumped into the
process tank and recirculated for another 5 minutes with the permeate line closed. This
buffer rinse was also collected into the same 10 L product bag and the bag was labeled as
5XUF 5XDF TFF1 product and the total volume was approximately 5.5 L. The TFF1

10 product was sampled to test for infectivity by FFA, and HCD and HCP. The hollow fiber
cartridge and Uniflux system were cleaned after each process run with 0.5 N NaOH for 1 hr
using a recirculation flow rate of 8.6 L/min.

[0384] Packing of BPG 100 /200 Cellufine Sulfate (CS) Column and Column

Evaluation: CS resin was stored in 20% ethanol at approximately 50 % slurry. The amount

15  ofresin required to pack a BPG 100 or BPG 200 column was calculated using a compression
ratio of 1.1. Both BPG100 and BPG200 columns were packed to the target bed height of
17.5 cm or target bed volume of 1.37 L and 5.50 L respectively. The amount of resin as
calculated was prepared by performing a two times buffer exchange with 1X SP buffer,
followed by one time buffer exchange with 1X SP/1M NaCl buffer.

20 [0385] The BPG 100 and BPG 200 columns were assembled according to the
manufacturer’s instructions. An empty column was prepared, sanitized with 0.5 N NaOH and
rinsed with DI water before use. 1X SP buffer was used to flow-pack the CS resin into a
BPG 100 column at 500 cn/hr to generate a column bed height of 15 — 20 cm (target 17.5
cm) using the AKTAprocess™ skid. The AKTAprocess is an automated liquid

25  chromatography system.

[0386] The prepared resin slurry in 1X SP/1M NaCl buffer was poured along the side
wall of the empty column and any residual resin remaining on the wall was rinsed off with
water in a squirt bottle. The resin was allowed to settle to a resin bed height of at least 10 cm
below the liquid level. The top adaptor was inserted in the column without disrupting the

30 resin bed and then secured with retaining screws/nuts. A 4-port-2-way valve (4-2 valve) was
installed at the column inlet. The four different ports were connected as follows:

1 — AKTAprocess system column inlet
2 — Column manual purge (connected to waste or recirculation line)
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VH HOD (ngIimL) Bulk HOD (ng/dose) PicoGreen Bulk HOD (ng/dose) tPCR VH HCR ( g/mL) Bulk
HOP (g/dose) Benzonase (ng/dose) WO 2010/036760PCT/US2009/058157 104011 SVH - Change
in Benzona¥Oor?elReri%rom SVH to On-Column Benzonase Treatment: IR ¢HeGPH& HI#SEss,
Benzonase treatment was performed at the SVH step to remove host cell DNA. This process step
involved mixing 20 & SV sstthce®imerRanzaRasek asdareajesrigh 34t Vonafers rerforming the
DFF | step. In purification runs | 5to 4, Benzonase was added to SVH step while in purification runs 5
to 9, the BenzohHsERi&stment was eliminated from the SVH step and performed as an on-column

Benzonase treaimemp@roge ssoduwrngdherds chromatography step using a chromatography buffer that
contained 50 U/mL_of Benzonase and a resin contact time of 50 minutes. As shown in Table 29,

purification rurfd330 4 TiHeBYEDIR safuias hrstrafuelsd watitkautg s odhnd Ber issterd between

the SVH andaf-ukiROWERSE EwRUTHICAIQId IS Rt g ldédadevelyas dparecially, irauced after
the Benzonase-on column CS chromatography step. The HCD level of final bulk product analyzed by

both PCR 4R% PILe FaErKihs BEMRPRBRIAIE RNl IRf At saras el a8 84m3h2 ng/dose)
relative tQUAfiCtIBNNSH P dr&3LBont BeAD NGr diese)2 ThisChamge ot @My MpEenRE dhenfinal
product quality by lowering the 15final bulk HCD to a level less than or equal to 1 ng/dose but also
increase fh%‘){ﬁP R HRHERSHAY By Ytlditlcing the Benzonase treatment time and the total amount of
Benzonase reqo3ss]. The:impaalef @aschiAewiBHedanasatseaparnt will be fTHEhex diBgigrad in the
CS chromatography section. [0402] DFF1 : As shown in Table 28, the D%}ep showed qood
reclery V78 2796554 05 FOPIEM A 82 ﬁ?’rh%ﬁtﬁrre&@bﬁr%‘?ﬁ th (odmerasiieen debris

and usualbyhshawethR@dasstindiigh. b hlen plagdpnovpsspaeamalnt nf Weda {{ahle2rdut not
HCP (Table 30). The membrane arca of both filters (1.2- and 0.4511m) used to filter 20 L of SVH was
based orf?ﬁ@EéBQ@iW@%%Rﬁtﬁ%”dﬂ&t%a@ﬁr{?éﬁé § WateH eI Se R VAT P
studies ugigig aosately daciaieal tBoraninl ted réesiartieiyobobal lbigtignhdSitaptsatesetdvat PM, the flux
for the 1.2 ttm and Q.45 t m#rlgfgrs were 500 LMH and 47?1 LMH, resp ctive%/. The actual SVH loading
for the 1.2PM %E?%%‘%ef{m PR Y TF SFREAES OHZ! ?E%Bvéléﬁ\?e?;‘?nge 84631 Fi2hanges in
Setup anshReeovdytddetacktbthnprausd &leTiRechyesy Wi frthel ieviiest 93 putifieat@npiess showed
a gradual loss in c;éen%/ re(ﬁ%/e%/?—%the TFE1 305t$§ for each run frgm 107.2% to 30.3% (Table 28).
For purifit S 108V E G PR N A ST L APHRIGEARB B LS80 with 0.5 N NaOH and reused
and after the pyess%s. Bésounkomiokiiethelthio ) santy efficieneywidhitibaiciwfitel K fritdge was
sufficient en to completely remoyve the gel layers after each run and this could.resyjs in a
decrensd UL e SO PETLET DB GRS R B0 MBI PAELE o, To
generateSPrmpreNa0hais?ehb step cekoveroltie &) osidlhahg epilkekstitperarni@odtotiedexisting
protocol heginning with purification run.7. First, a ne low_fiber was.used for each run o eliminate
e oSy 1 T R G0H he Ko GBEBAT THE So LSRR T MA@ s
recirculated wathe) hdhewdiliecbeaytpdgedgrdaminttepwitmatdptatewalVve dieranttipgrmeate valve
dosed before the TFFI product was collected. This remaved any potential gel layer that. may have
formed off I8 SUMHCEBF Al S QT BB SR AN O AT g S S B afowed
recovery (HRIF®) andaeteiki apahimifteyr. ridsecstepdosds pediormeH Eilith whe sanhe deticatdhtion faw rate and
time (5 minu%es dto recover reﬁig HXIr(ljﬁ Ehe hollow fiber cartridge and the buffer rinse 10was
Jgethier o der't ees?érelr1111sﬁl'em¢=)nted changes, the step recovery of TFF1

collected” oge% S PIIA P product.

renidined cond@380tly biefh/appSoltineatén ity o880k faCSur fickingrigsner7tho A Kb Rr@&ssFigure 11
shows a t E)&cal 11;qu cur}/(-:-dfg{ cfhetTFaFl #ragegg fr%mr erf?rq'nﬁéj at 16 OthS%‘ %pnealfi ratgrgngl constant
TMP at ps\lV(aplejﬁ)ﬁ%%atlgn run %}.Oﬂ]g UX decrdased as the Virig soltition bedame more cofcentrated
(5XUF) and detahtchingdigord &6 capepariedn The didiafiltratiarogtephlyggacchutvimcaeased <ligihtly toward
the end of diagglrati n stel 5XDF). The flux ranged from 70-100 LMH for all purification runs and
appeared”i%g[ge rg}%%eraetog e virus titer and the turbidity of the DFFI filtrate. The slight increase in flux
at the end of tH@34it-titkdtidovsisphe at Akobapty due sk dhecacithtiomd ]y emolibtaé HEEh dnd HPC D
impyyitie the end of 5XDF. As shown in Table,30, the majority (80-90%) of.the HCP impurities were
0 Hog A B T S e s S R B A s W e movea i
the permealienhe dompleXiGiP of thensaff8pexalaof &56fanrihs. Haheesitie tduXSHE WaEshown in the
conductiv creased from 12.5 mS/cm to 1 mS/cm at the end of 5XDF process (Figure 11).
oaoa: Can LEf PSRRI AR ERR RO LR Th0E SR e iRRan oY

through. After loading, the column was washed with 1 CV of 1X SP at 150 cm/hr followed
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25experiments were designed using a small scale CS column with bed height of 10 cm and a virus
loading concentration of approximately 9.0 logioFFU per mL of resin. As the process was improved,
the loading YSheeMYRRAMN of virus per mL of resin, the linear flow rate and tRECEGISAMPER Akight were
linearly scaled. At a loading titer of 9.0 logioFFU/mL resin, a 4 L bed volume of CS would be required

to processy,20s.cof siatitized-yiitsnar westwith Bdraorast 3Rditan0f 813¢00iokFdpB)lad 3 Eevelepment
runs 1 to 5,4 L of CS resin was packed into a BPG 200 column (20 cm inner diameteré{g. to a final

bed heigfRToPrSBuE Bsirarpicd paarehy Jithdasisesabinesiuiion drtsan & aer ke ssure

exceedeqythp (eaammapded MRAINGRIESIHIS Rivea BRARSRSSIEEH (g b2 (Pnsivnamicrhinding
capacity study was performed and that showed that CS resin could actually bind up to al%?roximately

9.7 WO 2B 367dBECTSEISd 0081058 Y5 ILYiSErE M ErRaY fodsaketHEDRENY ebhdittrR described

above. Agrsbshind Bafiren 0@ ehned R -atogiokddidenk] of (asies PRIZH &3 L50fdnphresiaieibe
required to process 20 L of stabilized virus haryest with a harvest titer of 8.3 logioFFUImL 104051 A

BPG 200"Laii satke dommribe sqluspegitedih Ve bk iRt MO HhrH S hddhEigHlHEa %agm. A

dramatic ¢egleigtiomin te ceddnnihee kglght@ivesi l@wesd psaluiian KRsPaiadva i edaked column
with a bed height of 15-20 cm (tg/ﬁical for large-scale rocesiqensa. Starting{ffrom purification run 6, a

BPG 100 CatthiAtRssiRaRRY 8ro el Mg Br 25! (D) usiBe g it LB HYimn volume

of 1.4 L. FettbellBPthd 0 enluiva iaekioeh OMG at® ebhRhGRABpaiiseE alrtdleoresultant
packing prissure did not exceed 10the recommend%({*lnpackina%épressure imit of the resin, which is
) It

difféfent SRAHPY TSRS TP IS BPE 28 L NsOH aligrgnsh ProRTSRANY
purificatiam&wasuentol 8a(B R&1Bwpihveautifigation 1ense2d eamBRIGo208)for firedayieSHe/ERLE step
recovery averaging Ag/o %%% ’%%% respectively, when the actual loading was increased from 8.4-8.9
logioFFURRTZPLENT-(BEE fumn) and 9-9.3 15 logio FFU/mL resin (BPG 100 column) (Table 28).

In terms of colyypoperivnmancsl loRERremeval semeformed Tisingilie.a0-eawnRlBsnzenase
treatment, purification runs 6 to 9 (BPG 100) showed comparable uat leyels (0.3- 1.5
e MO TS ACEOPATS b (2 WD A RS, T RS oD e,
Althoughvilh e@ismmpaifiesrmanseWvas putlden grie sedinetemdidhe wotubrimsizerfavpraadviize process
efficiency by 20, reducing the volume of CS eluate and bu reparation.when and will be important
b mo O SR TR A T R R S AT AT AROEF ol O e Smote
virus pealoalutgohiiom therais B8R 0L60 Catimidfibin) surf{dQ48-¢h Aststiownha dibiai3hnfize overall
HCD clearance n-column Benzonase treatment (runs 5 o 9) was better than the hatch-mpde
nronats Tk PR NG H) PR 2 B 5t HRLATHE S SHED OO A for
Benzonage: iteatefont randédiresn TAShoBlahof{bans 2 tondgdwihitle ThevaesicintagenafuttS i remaining
aftey virus purification for the on-column Benzonase tre n ed from 0.02 - 0.15% (runs 5 to 9).
T TR b B PR L D (oad R B K U S ST removed
than the BatthorbotferBert drasH-traalirtenat SVH step, thus resulting in a lower DNA level of 30final
bulk.  [0408] There several gdvant 0 using on-column Benzpnasg, treatment compared to
patch motie BUNI s TN IR e DA Iy T REPA LR By STENAG B proceas
steps intd'baecandaediacingtlot Schaitsafor B ahponasértidatioreot ticths SMhtcsiep twitth Bolvhour
Benzonase tr t for the CS on-column step. nd, the, WO 2010/03676QPCT/US2009/058157
ot A O o L SRR AT R AR o eAL L e Bl PR Ber Donace
tredtfnenpeaguite dion e aitiom etits stirBéiafibinatsenfoA atRO darair tisrieaBRALI) winfferthva sopizogiednn
Benzonage treatment equires two.hundred thousand units of Benzonase. Thus, the on-column
ensona R e e e SRR B e R TE obf™ + 1000 TrF2 -
Increase tiaditicatiomanéqitassaer THP2 d6 10 cr2hpel BEhz onhsec Gfehcantmi As shawoiirwiable 28, the

step recqvery for TEF2 for all nine ificationruns.was consistently above 64%.(64-150.8%). In run 3,
tho CS ol s S R RN e Bl Fiow
fiber membirease ycreaiseling ilkOpiithp Alovantt thfetiotalP PO ckstltimtewhst Betvs: Al 40them2 hollow
fib erphrape was used.in the n .consecutiy, id the rocess time and to
ma?l{]qgi nrﬁfﬁeel[cl])lgt n%a%g haggﬁ FAtior rﬁ'ﬁs g\?,)%lr%\??rﬁ a eeﬁy0 galiy @%&I?)/lr%\? résig 51 E)ﬁé%(ljglan smal If)élcn}?aelre studies.
Howevergsthatiggdwitithrthe 8 Xthieagolumes sizSRVAE bhfagfa fromfidatico b 8- 2nd thiee elndiof volume
also decreased to nojmore than 0.9 L. This reduction in eluate volume was directly 15proportional to
the cour o R L R S e
loading cdhoedmatioteat RBirddatiimZoFigureutes dlebws rroypitatfoxemacEloudeadibEtbe predR rocess
for purification run 8, which was performed at 160 -1 shear rate and a constant TMP of 21 psi. The
TFF2 flux was reasonably stable throughout the diafiltration process indicating that the operating
conditions did not cause any fouling. The 20flux ranged from 80-110 LMH for all purification runs.
10410] The TFF2 buffer exchange volume was also increased from 5 diavolumes to 8 diavolumes to
enhance the clearance of Benzonase. As shown in Table 32, when the process changed to an

on-column Benzonase treatment step (run 5), the Benzonase level of the CS eluate was > 75 ng/mL
indircatinA that Ranznnaca hinde tn C< ~ArAaliimn and co_alinited with the 2Eviriic nrodiirt Ranznnacop




filters was 760 LMH. The actual loading for the filters was 20-33 L/m2, which is within the range
determined from the small-scale studies. 104121 Upstream (SUB) Process Harvest Time Change
from 3 dpi t&V2ap108arithg with purification run 8, the viral harvest time wa8€HERg¥E AT B dpi (60-
65 hr harvest) to 102 dpi (48 hr harvest). The peak viral titer was observed at 48 hours dpi, when an

viral inpuaf 88RO BRE plis@lcvas el diberchangp ihbanisshiprdesuiedin a reduction in
the starting HCD and HCP levels as shown in the SVH step for purification runs 8 and 9 (Table 29 and

Table 30} ERIEEN VR Qs B 7oL iH G I b Purithadndiosy feen carigidee B ISR BEIk product
(Table 22 Rpscdaate 83) mndhtharefprenimpineddhadinahdforadect auality. 104131 The

Implemented Purification Process Yielded Good Viral Recovery and Purity: The complete

implemented gibtds Riedddbandilradian S (DL e HUY Tigdas Prpaird ayd avesky eter

recoyery gt NBSBAYR RS Wec4B - A% Witk a7 avalageibidRirmpritydened Bf otidmg/sinrse (by
PicoGreen) and 0.1 ng/dose (by PCR), HCP impurity level 200f 0.21 gg/dose and Benzonase impurity

level of 010835 g ERERSE Mfeﬁww@raﬁﬁtﬁ%pa&ﬁﬁeadb‘mﬂ 8 iplakRurfpssre ofolpfa%mn summary,

several changes wedBulecie the Hilisé purificatipnl RiesRsEI it BROFEThe-preceperalfivienty and
final product quality including, 1) the viral harvest was changed from 3 dpi to 2 dpi to result in a lower

HCD and CPHIPOENBGES in SVH, 2) the 25 HCD treatment step was changed from batch-mode

Benzonase tregyzosnt M&éﬂt&@t&ﬁ(ﬂﬂtﬁﬁﬂﬂm@ﬁﬂi@%%ﬂ eatnenNtiad RISy & ane gMHiCD
radation and removzl 3) the target Io ntratjon of the CS resin was ingreased from 9.0
rﬂrfi Fhed Wi ?ﬁ

Iog q:FAV’ 16t 9510y ‘E“WH&H“ lQn,afdhsp T8 A¢he final

formulatlmmﬁ@écex&hem Volisee Moﬁ&&waaswmgswéﬁr@m & @b@vommelya)& giBPBAUIRES tO
30improv ongse re

va 5) the final sterile filtration loading wa reased by half to an
average A r&w&rd%%gab%gmm R Hiecky ﬁaﬁ tralq Y4451 The final
purificatioplpiacess itesinown boitigiise (e ARl hieldatedian alhthefiiificatiomnLIs ¢ro. s& mpMCized in
Table 33.. The av e overal us reco er 10/036760PCT/U 200 58157 titer
for e B B S R S oA AOERATAISE I Blog 08P P O BB B dos for
BenzonaseaOvég ingldose dPitrdresn ) and Orhm/lbgm(ﬁl@l%hfﬁhﬂGﬁllapﬂ)&hwvtgéchaﬁq)fedi HCP.
These impuri vels arc.be fications. for S6 9 Were
analyzedt%y gf\gﬂ glf%cgﬁ]’.}ﬁ'y@vﬁfsgr‘ng 8“&%%1%%@) 8@@?@6 “% (—iﬂi%% #)Eo%t Q4U'd¥&%t staining
method (aigquosd geb s&&aﬂredomlaﬁdm epnrdl mlmmea@ﬂ&mslsf%maedcasfa%ﬁ Bizg@stribution of 500

bp (data not s 8.6. d Purlfctl n Proces ell Culture P, oduc d Influenza [0416]
Additional mo:]&#\cg% YA AN i {irggl eﬁ&ﬁﬂ{: ot Protess escribed in

the ExanfplehjprgVidechiandsasied &Gmr@mmedsmﬁ@wﬁ: ]i@ﬂr@bsaﬁmdﬂyorshﬁdcmbeemmmow In
parg&ularT i@vest cIarlf ation andﬂil' Flfl %ﬁ r?? cou to av0|d1 he n ed fg £ harvest
tan reduc nu?ﬁ%?’e?vo? AN BEI AEions an B?oa\? over (cjtgtseeil‘}sllarlrgytlal & ‘smoother
coupling b@evatrblCMﬁmmtmalmﬁ be ¢inen dest fromhodnsiaréraMi2 iktio rQBtat)talﬁﬂeréddrtronally,
or alternati Ive \EI} a lower TMP.is t|||zed %ower tEfx %OIPSI for exam Ietb tweeir ab. uéiﬁ B si (12,000
S-1) to abdt %‘élp%a‘fé&%e’éo ST R IKUF St M %Yd%(e%%%? ETRED StéP 10 deCrédse the
bulk volurié vapuoﬁﬁﬂwad@oau&mngsmqlmﬁﬂdsmap@mmw dattlal€ ThegpBHIng@nlatkegohsequent
purlflcatl%n ste 5pslﬁl?(wmlan% le 34 s mmar j:“l{ehparameter changes, recovery, and HCD for several
purlflcatlon TR Th e NS U S B VIRE produced in MediV SFM 110 without media 20exchange
essEntially as (3%t bellealloveé fosedas Meznmmhbdsin Bexitionl B/IDCKI hpstidbidAuns were
performed | essen Hal ly as %els%rrbe r th oce Eﬁ rofvtﬁleg |rar1 Section 8.6)
except adYioted Hetdwe RURS gﬁlg &eﬁ Were pe rmed y con |ng fehane % DFF and
TFF1 stepsigio Béhesmcmmﬂhhetﬂ'd:@iodaomﬁbatdmasmmﬂlmmm Ddthesitetmpralesafgl? £061s4).

Runs #24, #26 and ftsl we rformed wit 25t est 8D F and TFF1 steps. For
these rungj ]he ZﬁE—]IP as rLer? % Plower p@lBXs aercra e 0 8r8 ]dCt li)gQFﬁleatgé{n%Oﬁ%ned viral

load wastdivpdad fiod the«CSdsbyplant{BEde <sedreipe rldte2mukd Wigidbthort 20comvinbitiGEIBAIA
ana%s.ls Shlobv¥§t% I;Sh%}rglscreag theaM1 C%Zéggmeaﬂg oglilg} ?ﬁ@ é@%ﬁ:ﬁf NAs?t'gyge (ddzata not shown).

However in one instance the y| was re summarizes the
parametearcghtmg esytretouerncduntt HO Badr seagrdleptsificplednNunsrofdenusdonsidgceD NMMediV SFM
105 with m dlc’;[ll i’% (?%rg Ir? rurrlgnot,[{rezsea g\llreu 89&%%\ d ss ntlal Cat%%sgflgednu) International
Patent Puzt() ication Lo I'(see In particular, Examp e purr fication rurs v§ere performed
essent|aHyﬂW@cﬂ(}:lﬂHﬁSﬁ?@@Rlist‘l@ﬁ@@d)Qmallsdfcuracy will be w1th1n 75 to 125% based on
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as described for the Ib process (see the Example provided in Section 8.6) except as noted below.
Runs #40, #41 and #42 were performed by coupling the harvest, DFF and TFF1 steps. For these runs
the TFF1 wX60-aMeRREiIo%t constant Flux (35 LMH, shear rate of 12,000 s 1¥oFASEYRAEISTMP (10
psi, shear rate of 12,000 s-1). The runs with constant flux were 5performed at small scale and were

processeg N{otheGpiRteR YN FAS s e Heyme & MithotHcaulimnae, hanmesh ia- and TFF1
steps. [0419] Together these studies indicate that material from MediV SFM 110 (no MX) and

MediVv SENPRISSTRAIORAeBHSeEs iHoie Khike ErsRrerip dues lelidads 0the Thss 18w shear
(12,000 $ndy, vewerrdMBd(d8msbomntiomey Haieddeldit]kdaessresuldmiongpricdO&iapkli-F process

time but the overall process time can be shorter when_coupling of the harvest, DFF and TFF steps is

implemefEY FPRENFAISEBRCERENMo S 8t NeD HtthedolmmetisPrasdisdsssibed Betbekifeen

0.0150.6 ng/dogz9gpiciris:gpmpasate rphat pveieedn e b rHocasadesesbad abnyexhhe overall
yields Wereg above 30%. Table 34. Summar;g of HCD and Yield for Additional Parameter

enerall
ChangesPR K RURNE desqrmsd bygn.bnzymer Linkeddmmppopasb Syrfrsay SBLIRATSHR AU A/Uru
SVH volyfigéky BbdnyligteliZddbbit antibody produced against HCP (from an uninfected MDCK

culture) and streptavidin-horse radish peroxidase (HRPO) conjugate. Antibodies against
MDCK cell lysate are absorbed onto a polystyrene microplate. A blocking solution

10 containing bovine serum albumin is added to saturate the excess binding sites. When a
dilution of test article sample is added to the coated plate, the MDCK HCP, if present, will
bind to the coated antibodies. A primary biotin-labeled antibody against MDCK lysate raised
in rabbits is added to the plate, followed by horse radish peroxidase (HRPO) labeled
streptavidin conjugate. Finally, the HRPO substrate is added and an ELISA plate reader is

15  used to measure the intensity of the colored end product formed. The intensity of the color
developed is proportional to the amount of MDCK HCP present in the test article. A standard
curve is generated from the MDCK cell lysate calibrator of known protein concentration.
From a standard curve, the protein concentration of MDCK cell lysate is determined.

[0399] Residual Benzonase Determinations: The Benzonase activity is determined by

20  its ability to cleave herring sperm DNA. The test article, in duplicate, is compared against a
Benzonase standard curve, in which readings are measured with a spectrophotometer at 260
nm. The percent spike recovery (Benzonase activity) is calculated to determine the net
Benzonase U/ml. The net Benzonase activity of a spiked reference standard should be
between 1.1 and 1.9 U/ml, the coefficient of correlation should be > 0.995, the activity in an

25  unspiked sample dilution should be > 0.7 U/ml for the activity to be quantifiable, and the
percent spike recovery should be between 80 and 120%.

8.6.2 Results and Discussion
[0400] All the SUB runs showed harvest titer range from 8.0 to 8.6 logl OFFU/mL.
The recovery, HCD and HCP results used to evaluate the performance of each purification

30  runs are summarized in Table 28, Table 29, and Table 30. The following sections will

summarize and discuss the changes made to improve the process efficiency and the final

product quality. The process development for the initial and final purification schemes are
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15 11 14.5 TFF coupling No Yes No Yes Yes No -WE mode TMP Flux TMP Flux Flux TMP

TFF1 Parameter 16k s-1, psi 1012k s-1, LMH
WO 2010/036760 PCT/US2009/058157

summarized in Figure 10, which shows the major changes from early purification runs to the

last purification runs.
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8.5 8.9 8.9 8.8 9.1 DNA (SVH) (ng/mL) 277 2048 1672 2667 3649
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2923 2923 2362 Final Bulk DNA (ng/dose) 0.2 0.41* 0.12 0.21* 0.2 077" 0.4 Final Bulk titer (log i O
FFU/ mL) 9.7 90* 10* 10.0 9.7* 9.4* 9.5 Overall Yield 17% 22%* 26% 45%* 32% 43%* 40% * Runs at
Constant FIWO818/Bé7frmed at small scale and processed only to CS colBfH&e9*038107was held

f Resins For Influenza Virus

binds the virus and the virus elutes
. As described above Cellufine
urther remove host cell DNA (HCD),
D introduced during the column wash
st cell DNA during the manufacture of

for the CS gel is 9.72 logio FFU per
. B/Malaysia/2506/04 virus strain
alculated column volumes for a 400-L

28 L (40 cm x 20 cm) and 100 L (80 cm

he total infectious patrticles at the first
ps prior to the CS column load, each

e viral harvest titer up to 8.7 logio
er, identification of an alternative
vide for an increase overall production
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after TFF1 over weekend due to Friday harvest 58.7 Evaluation
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*1a: Benzonase treatment in bag; 1b: Benzonase treatment on column

~ FFA assay based on Anti-NA instead of Anti-HA

§ Based on VH-PD titer
Several of the process changes are indicated in BOLD
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WO 2010/036760PCT/US2009/058157 104211 The following example details the evaluation of six
additional affinity resins (designated Resins A-F) using the purification process essentially as detailed
above (see WRHIEI9760ided in Section 8.6). Briefly, using ca B/Malaysia ZSA6YO08Y¢Hd Thodel strain
the sucrose-phosphate (SP) buffer stabilized viral harvest (VH) was clarified by a | .2 ttm

Spolypropylengyddir) ave Q.47 mhdRalyyeyhisiens diluenids (RUDEY 9apswedittarsn B sasdied VU
was conditioned by 5-fold (5X) ultrafiltration (UF) and 5-fold (5X) diafiltration (DF) with

sucrose-pEeBIsae [BHCHOHE DW96ESs Bsbaonasaisratnst wa iimsd Aot ¥BEFERMRidge. The
concentraiadahAodiafiteradAiresiv R iReNsRy fiRd 10¥e nthede shah seatagkaphsnagikmns to further

remove host cell DNA (HCD), host celloﬁrotein (HCP) 10 impurities and Benzonase_ (r) contaminant

introducedcdaeis SR CBIGRIPWAS Ltef R5iotoRFHRTBERS BL Frhsiche® RBF et ation of host

cell BNAtDirast MR SIS SV ENethiohRst Rep@nfiagenresitsoand Benthmiss gel currently
utilize were also performed. Briefly, different viral harvest lots were used to evaluate the purification

performaficdiBritarassiiaieatsddivne dhnpayEtstorcafurm P snrdas 2pisPLitai BT aeRsdes the step
yield, 15bingtingrzapacity, @ithhadraswiboieyelsighy: sidp iR hand Rerapnasalfdshag this type of

evaluation, the pgrformance of new resins can be efficiently ev%Iuated. 8.7.1 Materials and Methods

10422] MRS RRLHRI: AhHEERRBNERE BIREP SRXEAEIENE QLRI ST WhldblSerform

similarly pvayhefieadilyraubstiviechMiapharvestloin(eadBiMplaysian2s0a/R4msd AMisedasin 67/05,
ca A/Solomon Isl%nds 03/06, ea A/Wisconsin67/05, ca A/South Dakoé%G/ZOO?) used in these studies

werthardeRrsanang s Kb Bt ROk AR HReRESILEP ftars el BiehlEdh %Y?T%%ogioFFU/mL
The clarifipgrviiabRarn@sicdas@r oceBsrebnita-oX ¢dttafiltag enrdarandhy digfiltrakanDF) material
by tangential flow filiration (TEF 1) all performed. essentially as detailed in Section 8.6 above, with final
e ) o B L B Y e QB B BREARS (MG st
Eugene, Dregeificaiasn NensS1ADH) 4X-SRbuffasspH G tyciangiddthl agan, {dF,Gas No.
SH3A1577.03) or prepared with 6.5 mM potassium phosphate dipasic, 4,5 mM potassiym phosphate
Rl 1 R e et A e e
solugon, AhirbLikHCOY foidssilrphbspbatembrobagidsel blionlsé4tzgsed sucppsecyvere mixed and

dissolved jn H20 tg a WO .2010/036760PCT/US2009/058157 final volume of 1 L. The pH was
adjusted ?gﬂ?}ﬁlﬂ\mﬁﬁr{ﬁﬁwgi‘%ﬁ%%ﬁ IFFAmSE A% Re 415 9 W&tr?&#eeﬂ‘a?é‘&%repared with

9.5 mM petassidmIpkasphate tikasituhDBoM @oiasstamphosiibatefintiae dasiss2d artidd 68crose,
and 1 M 51ll\IaCiI. Forﬁbplr_ of IX SP, 1 M NaC1 buffer, 9.5 mL of 1 M potassium phosphate dibasic
solution, TE AT RN SSEA um phosphate monobasic solution, 74.62 g of sucrose, and 58.44 g of
sodium chlorid@4BHCIDFEle mixsidbandditgntvesl thdH2PRO adindlovaddpeodfrbtovbie (Bl vas adjusted

to 7,0 with_| H3PO4.or 1 N if neces 05.1X SPB solution, contain M MqgC12 and 50
A B R S e L oh 1S O T PRSI S U OB Bbsonase (307
|\U/|/'mL) V\{ewé@lanﬁd)mdBﬂ&l?smigmiitéx _SBiﬁg%:}mameBmEﬂm@EMagioa l[QZ]jHP((lidbéS@fmh_uSt. Louis,
issouri, 0, .Potassium Phospha no C, igm ouis
Misaour BaH N B 8008 TR HEtLat HIAS oL s i g Lo e ived i
H20 to firalsmlumesdalct 8n IhWck2ROARRIRSSItIR manohasicvibasplater(liasdoPom wasiissolved
in H20 to 20final vol r?le of 1 1%5%ucros EMD, Giggsélo\jﬁﬁNew Je?rs.ey Cat. No t.07.653.9012)
11. NAT.d@ﬂr@%ﬁ’%ﬁf IS RS SRy REI0T 986 011 I WRsPoLS Yelgnter &fifBIE Missouri,
CatiNo. Nbko248) ole:S mm@%&ﬂ&m,1E2ap1ma¢0.$ﬁmaﬂﬂue@atemom.nms%;&04?4 353 U/(11)
2. 0.25 W EEHIord TS AEHEL Lo IR b ! SRS d g P Ciene
terephthalesel giyt,akspestifiet, (PETG) bottles (Nalgene, Rochester, New York): 1 L (Cat. No.

2019-1000); 2 t. ; 250 mL (Cat No. 2019-0250)
17. Conical Tu RIS et and Recavers Mekiad Jo gRpiave stap ReCaye¥-0l530829);
TFF1: The first six purification runs showed a gradual loss in potency recovery at the TFF1

30  step for each run from 107.2% to 30.3% (Table 28). For purification runs 1 to 6, the TFF1

hollow fiber cartridge was cleaned with 0.5 N NaOH and reused and after the process. It is
unknown whether the cleaning efficiency of the hollow fiber cartridge was sufficient enough

to completely remove the gel layers after each run and this could result in a decrease in virus
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WO 2010/036760PCT/US2009/058157 18. 1.2 gm Polygard CN Opticap XL5 Filter (Millipore
Corporation, Billerica, Massachusetts, Cat. No. KN12A05HH1) 19. 0.45 i.tm Durapore Opticap XL4
Filter (Millip¥Y@ 8d#38eatdN, Billerica, Massachusetts, Cat. No. KPHLAO4HPEY 83802081859
(Hyclone, Ltd, Logan, UT, Cat. No. SH30712.03) 21. 50 L Bag (1-lyclone, Ltd, Logan, UT, Cat. No.

SH30712.04)83 HellansFRR1SARKDRo 4AREMNGE dnasa e iRBsalay SHedRR odel No.
UFP-500-C-6A) 23. Hollow Fiber, 500 kDa, 1,400 cm2 (GE Healthcare, Uppsala, Sweden,

Model N&hapese P g anplsnEnee) o AL s BIarRrR! ReSEERSYH BHITERAIPERYY Dofdr) 2

(Bio-Chefaw aieolngiepldhamsd anea Sambridgan gt cie 1R 6abimy JOinvipe kRt @R & Idealthcare,
Uppsala, Sweden) 26. Akta Explorer 100 (GE Healthcare, Uppsala, Sweden) 1527. SpectraMax

] S
GEMINI X RIS ibe: recranr(theiceutshipisAcss dirmAsieciEstintihin)bg hetew i Brion pH meter
(Thesmo &eigatiigoV¥akihams Massaehiseitia)vdofeh MR andd Gtk dstadfadieater Analytical,

Lyon, France) 20104231 Preparation of Test Resins: Resins were stored in 20% ethanol. The desired

amount JERSYFt Wasfpheatefs it asmodict AP AL Hbelea! s Ltk miyduhicdrimsd ahdPSpun at 2000

rpm for 1Q,/miBetSmdeavigunas flenevechaatdhadedinivasiaspenandesdwiidwddrieefpacking
buffer (1X SP+1 M NaCl, pH 7.0). The exchange ?f the resin to the packing buffer was repeated three

times. 251044 PIASHAROREIY RREQEM & ASIRSKTR B PHEdhs SR Bl RvEhom e R e Prts of an
empty cofian MareuS RREEEMUHBr WadRin anel i esl the s Raciinge aHRI go b thw B s fasisembled

according to the manufacture's jnstructions. The column adaptor Waé iﬂserted i??to the bottom of the
&

coldfhn SR EsA et HADEMASREE IR YE P EPAHAG SI 4 T ST RVAE PSS ioned
vertically srFeiarepethed eostanchthOhiph affiexacking HUifg03) wagdilifcatita tagscotormn and the
bottom syringe was pulled unti] 2 cm buffer was left in the column. The prepared Test Resin was
ourad A S e o BT S S B S LRy VR R o rocim
settled, theomourehaas filblesfidhthempasking bafier (Jlefiepiadap®) wascaieldiyriasedted into the
column wijthout introducing air bubbles. The colum then connected to the AKTA Exp|orer system
o PR S S SO B R SO bTU RSB 0L Ao TSR P B bronnataly
20 minutdsfiithtboa papkivgibuiieinomntidhestighiindied heiglehibotel chianged.sldpe sSofDajaptor was
adjusted 1-2 ;mm down.into t ft el. The final packed column bed hejght was 10 ¢m, which
ceninls 10178 T o amna 0 TP RS B S SR B AireLlt Sl to 5.6
mL of gebbwherpacked wabidise d feicdpramitiioinelintheapghitin stealie mvithk TedicRadiostaad CS gels.
The packed_Test. Resin column was sanitized with. 1 N NaOH for ra -equilibrated with Ix SP
7 DA SRS B a 18 T8 ML PN LI e HETY SRR SR orates
with IX SPpehd & b, 104dmivR iapRrsit) ohthagXrigitcabiloation g B Piafiliratisnv@X (IF/ 5X
DE), .10 Conditioned, Viry Test Resin and Cellytine Sulfate Cal s: 15 O L of the 1X SP
RO (g A e S e o A e A LA
growth anemared probieiptioncate descrited]inidntefnmatidnéicP atehampeliitationhdi Q861MBIAXL, see in
particular, Example 12 s filtered.through a,1800 cm2 1. refilter c e and.a 1900 cm2 0.45
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collected for Test Resin load, flow through, Benzonase wash, and cluate. All the samples were
aliquoted, frozen in dry ice and stored at -80 C for infectivity analysis by FFA (fluorescent focus assay)
and DNA ar¥¥fy38H93FIebGreen assay. 104271 Test Resin Columns Purifi@4tiH20M98816Y1: The
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Virus Loac%lgggﬁgdﬁolz gé@ﬁ-%%lgiec e%/zl\él%%‘g %fgalt%eﬁﬁl% \ﬁﬂrjs%, It‘hoea 8rgge%lsoelffl1:cliJe/1mcly %ellﬂcreased by
combining two process steps into one and replacing the 3 hours for Benzonase treatment at

the SVH step with a 1 hour Benzonase treatment for the CS on-column step. Second, the
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total amount of Benzonase required in the purification process is reduced. Batch-mode

Benzonase treatment requires one million units of Benzonase for a 20-L virus harvest, while

the on-column Benzonase treatment only requires two hundred thousand units of Benzonase.

Thus, the on-column Benzonase treatment reduces the total amount of Benzonase needed by
5  five fold.

[0409] TFF2 - Increase Diafiltration Volume on TFF2 to Increase Benzonase

Clearance: As shown in Table 28, the step recovery for TFF2 for all nine purification runs
was consistently above 64% (64-150.8%). In run 3, the CS elution volume was 3.2 L. Using
a 290 cm? hollow fiber, the CS eluate loading on the hollow fiber membrane increased to 110

10 L/m? and the total process time was 6 hours. A 1400 cm? hollow fiber membrane was used in
the next two consecutive runs to avoid the long process time and to maintain the loading
concentration at approximately 20 — 50 L/m? established in small-scale studies. However,
starting with run 6, the column size was changed from 4 L to 1.4 L, and the elution volume
also decreased to no more than 0.9 L. This reduction in eluate volume was directly

15  proportional to the column size. In runs 6 to 9, a 290 cm? hollow fiber cartridge was used to
maintain the CS eluate loading concentration at 20 — 50 L/m?. Figure 14 shows a typical flux
trace curve of the TFF2 process for purification run 8, which was performed at 16000 s™
shear rate and a constant TMP of 21 psi. The TFF2 flux was reasonably stable throughout the
diafiltration process indicating that the operating conditions did not cause any fouling. The

20  flux ranged from 80-110 LMH for all purification runs.

[0410] The TFF2 buffer exchange volume was also increased from 5 diavolumes to 8
diavolumes to enhance the clearance of Benzonase. As shown in Table 32, when the process
changed to an on-column Benzonase treatment step (run 5), the Benzonase level of the CS
cluate was > 75 ng/mL indicating that Benzonase binds to CS column and co-cluted with the

25  virus product. Benzonase binding to the CS column was also confirmed by evaluating the
flow-through samples of 1 CV to 4 CV after the 1X SPB. The flow-through samples were
shown to have low Benzonase levels (Table 32). Thus, the TFF2 buffer exchange volume
was increased from 5 diavolumes to 8 diavolumes in purification runs 8 and 9 to increase the
Benzonase clearance to a level below the limit of detection (LOD). As a result, the

30  Benzonase level was decreased an additional 4-5 fold by increasing the diafiltration from
5XDF to 8XDF. This change reduced the Benzonase level in the final bulk to below the
LOD, which is less than 0.1 ng/dose (Table 32).

[0411] DFF2 — Increase the Filter Size for Final Sterile Filtration of Final Bulk: As

shown in Table 28, the average step recovery using a 150 cm? and 300 cm? 0.22 um final
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10.5 8.7.2 Results and Discussion 510432] For the purification runs on the Test Resins A-D, each
column was loaded with the ca R/Malaysia virus strain 5XUE/ 5XDF TFF1 material at the load
concentratioM@PYYRGIFFU/mL. The target amount of virus load was 9.4 FSRIFRWANESEE] for each
run. The virus was eluted from the column using three column volumes (CV) of SP buffer with 1 M
NaCl. ThgelHtirnstyomategram 31 SLeesRerifhcih ERIUMRLIYINS dtmsPMNAsFiBsYE 19,140 panels
A-D, respectively. As shown in Figure 19, Test Resins A and B appeared to show separated multiple
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TestResiyRrgame therlgwe A siensdields(04 S YPMITIL RIS 00 e mpsbht! R frRvelsy g B/Malaysia
purified with Test Resins C and D had lower HCD levels (0.07 and 0.08 ng/dose) compared to Test
I8 P’Hﬁi" in

Resins AfHisEseYes. 1004 0.6 Thspeigaljoadineershe SRistol 228 maatdys -a il st Resin C

(0.27 ng/eipse) Ragni@st Resintke (hil-paidasediaere 20similar to Test Resin A (0.26 ng/dose), but
lower than Test Resin B (0.8 purified with Test

Resins C and {025 kRstEeam fkd piaceseHatvestlame fhanec o dphta 20l s 2 60
ng/dose)wafh WEH2IEHG36 BEORGTAYHIV0/AER1LGTs Cabip &Y fGamRpiisem-0bJ RshResH) Bep Yields,
onase Levels Test Resin Eluat Titeri{rl%gio FU/mL) Step Yield (YO) HCD ng/mL

?ncngﬂol;g%%nﬁi‘ggp ¥t/ LB REre Y B AYGh s SRSFRCH ) AD PalSIPL: Zié?%‘li‘fil%é@% 9.5 69.4

0f 0.001 to 0.003 FFU/cell was used. The change in harvest time resulted in a reduction in

the starting HCD and HCP levels as shown in the SVH step for purification runs 8 and 9

(Table 29 and Table 30). This change also resulted in a lower impurity level of HCD and

HCP in the final bulk product (Table 29 and Table 30) and therefore improved the final
15  product quality.

[0413] The Implemented Purification Process Yielded Good Viral Recovery and

Purity: The complete implemented process was demonstrated in purification runs 8 and 9.
The average overall titer recovery of these two runs was 43.4%, with an average HCD
impurity level of 0.72 ng/dose (by PicoGreen) and 0.1 ng/dose (by PCR), HCP impurity level

20  of 0.21 ug/dose and Benzonase impurity level of 0.0035 ng/dose, all of which are below the
purified bulk specifications.

[0414] In summary, several changes were made to the initial purification process to
improve the process efficiency and final product quality including, 1) the viral harvest was
changed from 3 dpi to 2 dpi to result in a lower HCD and HCP impurity level in SVH, 2) the

25  HCD treatment step was changed from batch-mode Benzonase treatment at SVH to CS on-
column Benzonase treatment to improve overall HCD degradation and removal, 3) the target
loading concentration of the CS resin was increased from 9.0 logioFFA/mL to 9.5
logio0FFA/mL, which reduces the column size from 4 L to 1.4 L, 4) the final formulation
buffer exchange volume for TFF2 was increased from 5 diavolumes to 8 diavolumes to

30  improve Benzonase removal, and 5) the final sterile filtration loading was decreased by half
to an average of 25 L/m? to avoid any plugging during final filtration in the CTM runs.

[0415] The final purification process is shown in Figure 10 and the data for all the

purification runs are summarized in Table 33. The average overall virus recovery based on
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titer for the improved purification process was 43.4%, with an average impurity level of
0.0035 ng/dose for Benzonase, 0.72 ng/dose (PicoGreen) and 0.1 ng/dose (PCR) for HCD
and 0.19 ug/dose for HCP. These impurity levels are below specifications. The final bulks
for purification runs 6 to 9 were analyzed by DNA size analysis using a direct-label method
5  (psoralen-biotin) blot and a direct staining method (agarose gel). The predominant signal in

these analysis showed a DNA size distribution of < 500 bp (data not shown).
8.6.3 Modified Purification Process for Cell Culture Produced Influenza

[0416] Additional modifications that can be made to the robust large scale

purification process described in the Example provided in Section 8.6 are outlined in Figure

10 10b and described in detail below. In particular, the harvest, clarification and TFF1 steps
may be coupled to avoid the need for a harvest tank, reduce the number of manipulations and
improve the overall processing time. For a smoother coupling operation TFF1 operation may
be changed from constant TMP to constant Flux. Additionally, or alternatively, a lower TMP
is utilized (lower than 20 psi, for example between about 10 psi (12,000 S™) to about 14.5 psi

15 (16,000 S). A 2X UF step may added to the TFF2 step to decrease the bulk volume.
Optionally, a 10XUF in used in TFF1 to potentially double the loading on all subsequent
purification steps.

[0417] Table 34 summarizes the parameter changes, recovery, and HCD for several

purification runs. These runs utilized virus produced in MediV SFM 110 without media

20  exchange essentially as described above (see the Example provided in Section 8.1). All
purification runs were performed essentially as described for the 1b process (see the Example
provided in Section 8.6) except as noted below. Runs #25, #27 and #30 were performed by
coupling the harvest, DFF and TFF1 steps. For these runs the TFF1 was run at constant Flux
(50 LMH, shear rate of 12,000 s™). Runs #24, #26 and #31 were performed without coupling

25  the harvest, DFF and TFF1 steps. For these runs the TFF1 was run at a lower TMP (10 psi,
shear rate of 16,000 s™). The conditioned viral load was divided for the CS step and
processed either at 2 mM MgCl, or 10 mM MgCl,. DNA analysis showed that increasing the
MgCl, concentration did not reduce DNA size (data not shown). However, in one instance
the yield was reduced (see Table 34).

30 [0418] Table 35 summarizes the parameter changes, recovery, and HCD for several
purification runs of virus produced in MediV SFM 105 with media exchange. These runs
utilized virus produced essentially as described in International Patent Publication WO

08/105931 (see in particular, Example 12). All purification runs were performed essentially
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27.6 71.511.0 El: 9.6 66.4 (0.07) (0.18) (0.03) 22.456.0322.9 D E2:9.210.1 (0.14) (0.35) (2.04)
26.2 67.2 97.0 Total Eluate: 9.5 76.5 (0.08) (0.21) (0.31) [04341 In Table 38, the virus titer in the
flow througMBr2H&/88¢1%% est Resin runs showed either very low (2.2% of tatal N2 bticles

relative to the load for Test Resin 5C) or limit of detection (LOD) indicating that the virus was mostly

bound todhgg&liBédrfor the 1b process (see the Example provided in Section 8.6) except as noted
below. Runs #40, #41 and #42 were performed by coupling the harvest, DFF and TFF1
steps. For these runs the TFF1 was run either at constant Flux (35 LMH, shear rate of 12,000
s™) or at constant TMP (10 psi, shear rate of 12,000 s™). The runs with constant flux were
5  performed at small scale and were processed only to the CS step. Run #43 was performed
without coupling the harvest, DFF and TFF1 steps.

[0419] Together these studies indicate that material from MediV SFM 110 (no MX)
and MediV SFM 105 (with MX) process show similar Flux/TMP characteristics. The use of
lower shear (12,000 S-1), lower TMP (10 psi), and lower flux (35 LMH) does result in longer

10  step TFF process time but the overall process time can be shorter when coupling of the
harvest, DFF and TFF steps is implemented. The final concentration of HCD for these
purification runs was seen to be between 0.01-0.6 ng/dose which is comparable to that

obtained in the 1b process described above. The overall yields were generally above 30%.

Table 34. Summary of HCD and Yield for Additional Parameter Changes no MX

Run No. #24 #25 #26 #27 #30 #31
Strain B/Flo B/Flo A/SD A/SD A/Uru AlUru
SVH volume (L) 14.5 10 12.5 15 11 14.5
TFF coupling No Yes No Yes Yes No
TFF mode TMP Flux TMP Flux Flux TMP
TFF1 Parameter 16k s-1, 10|12k s-1, 50|16k s-1, 10|16k s-1, 50|12k s-1, 50{16ks-1, 10
pSi LMH pSi LMH LMH pSi
Titer (SVH)
(log1g FFU/mL) 8.5 8.5 8.9 8.9 8.8 9.1
DNA (SVH) 277 2048 1672 | 2667 3649 1266
(ng/mL)
Final BulkDNA (ng/dose) 0.23 0.39 0.07 0.09 0.59 0.05
Final Bulk DNA (ng/dose)
(10 mM MgClo) 0.18 0.31 0.07 0.07 0.57 0.04
PB Titer
(2 mM MgCl2) 10 10 10 9.9 9.9 10.8
PB Titer
(10 mM MgCI12) 10.1 10 9.9 10 9.8 10.6
Overall Yield (%)
(2 mM MgCI2) 43 36 13 23 42 69
Overall Yield (%)
(10 mM MgCl2j 46 40 8 21 15 59

15
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loading of 9.4 logio FFU/mL gel. Test Resin C had a higher amount of virus in the flow-through
suggesting that Test Resin C may have a lower binding capacity compared to the other three Test
Resins. TheVHa¥HEe&Wash fraction of these four runs also showed eithePABRPEEAEIRY or a very
low percentage of virus (1.2% for Test Resin C and 0.9% for Test 10Resin D). The initial screening

results offthg1éasy, pus&mymmw 4ha MHR@}%dﬂﬂmiﬁ%%ﬂ'&& Re@nses wit MRerformed

better relative-to-the other twogels-interms of the step vields an he eluate impurit/and contaminant
|eve|s T hla 29 p\ aricnn t"F tha '#AQ\'I- Raocing Eln\AlIu 41-\||mh an Danvn#‘ ar:l\lﬁo Erf#A ond Test
. . ADTC JU., U II'uJMI I\JL.III T .LI A3 N TYOCIOIMTg 1T TOVVY IAI‘I§ UHII.MII_ U\JIIL\_AZUg\J VVTAOT 1 m\-ll LE®
Resins Rlow-TFhte Cractiod Titar £ CEl el \ Tt nad in Tl Th WA (ALY DA ase Wash
! TOW— ||_|J \Ig gltpr acto— !l.CI \IUS’IU o) ot coat oW |||u319|| (o)t ILK:IG.D >
II(t)GDr g:07 ;} fA-IFZDEFCdep\%b’I: .d,i\r.l-\B,ch—,éJjaf.c-.‘v !'\abll UYH é’-\\ LOP tob LO“eLSOD B+0HU ILNdU tOU
2 2SR TMES P TESHS 1 V- Bl ot Db it Oof igtegtionyp Flux* TMP
TFF1 parameter 12k s-1, [12k s-1, 35| 12k s-1, {12k s-1, 35|12k s-1, 10|12k s-1, 35|12k s-1, 10
P 10 psi LMH 10 psi LMH pSi LMH pSi
CS loading
o910 FFU/ mL) 951 | 903 | 988 | 982 | 941 9.23 9.18
Harvest titer
(log1g FFU/ mL) 8.7 8.7 8.8 8.8 8.4 8.4 8.2
Harvest DNA (ng/mL) 395 395 1105 1105 2923 2923 2362
Final Bulk DNA (ng/dose) 0.2 0.41* 0.12 0.21* 0.2 0.77* 0.4
Final Bulk titer . . . .
(log1g FFU/ mL) 9.7 9.0 10 10.0 9.7 9.4 9.5
Overall Yield 17% 22%* 26% 45%" 32% 43%" 40%

* Runs at Constant Flux were performed at small scale and processed only to CS column step
** #40 was held after TFF1 over weekend due to Friday harvest

5 8.7 Evaluation of Resins For Influenza Virus Purification

[0420] Cellufine Sulfate (CS) is an affinity gel that binds the virus and the virus elutes
from the column using a high-salt sucrose phosphate (SP) buffer. As described above
Cellufine Sulfate gel may be used in the column chromatography step to further remove host
cell DNA (HCD), host cell protein (HCP) impurities and Benzonase ® contaminant

10  introduced during the column wash step (on-column Benzonase treatment) for the
degradation of host cell DNA during the manufacture of vaccine materials suitable for
clinical trials. The binding capacity for the CS gel is 9.72 logio FFU per mL gel determined
by the dynamic binding capacity study with ca B/Malaysia/2506/04 virus strain (data not
shown). Based on the binding capacity of the gel, the calculated column volumes for a 400-L

15  and 1600-L trivalent vaccine cell culture based process are 25 L (40 cm x 20 cm) and 100 L
(80 cm x 20 cm), respectively. With the consideration of 20-30% loss of the total infectious
particles at the first direct flow filtration (DFF1) and tangential flow filtration (TFF1) steps
prior to the CS column load, each target column size at each process scale would allow to
purify the viral harvest titer up to 8.7 log;o FFU/mL without exceeding the capacity of the CS

20  gel. However, identification of an alternative chromatography gel with higher virus binding
capacity would provide for an increase overall production capacity without the need for any

additional purification scale up.
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WO 2010/036760PCT/US2009/058157 [04351 The screening results of Test Resins A-D at a loading
of 9.4 logioFFU/mL of gel showed that the virus was mostly bound, thus a higher amount of virus load
at loading 1¥@3UPHH7€¢)9 10.2 and 10.5 logio FFU/mL of gel were selecteBGH E88#5¢ binding
capacity of these resins. In addition, Test Resins E and F were also evaluated. The impact on 5the

step yields anqgfer HCEhiousMAe &gl Eneseiloading drielsnrra-aleaievalaterihespinding
capacity study results arc summarized below. Table 39 lists the binding capacity results of Test Resins

C and D.(fepreatediResBhaitg veipddhy pasiiiptraqersssispiay ssgrieHet 2B aeeinding

Capacity ixtudy10fpf st RESIS2&ignd. 8. (BA @2 MiNa Gl BVt s e (Res! hoadintdentegdipFFC/ mL
gel) NaC1 Elution Cone NaC1 Eluate Infectivity OogioFFU/ mL\%HD}NA Leve,lkz_‘(%?/mL) DNA 7 (ng/10

dose) FISHF PHEERIGHP s Braite A P e s Rl by el anifit § M Dav At 5% P 5 -€ s oM
5

polypropylene (PP) and 0.45 um polyvinylidene difluoride (PVDF) capsule filters. The
clarified VH was conditioned by 5-fold (5X) ultrafiltration (UF) and 5-fold (5X) diafiltration
(DF) with sucrose-phosphate (SP) buffer using a 500 kDa molecular weight cut-off hollow
fiber cartridge. The concentrated and diafiltered virus was then purified over the test
chromatography columns to further remove host cell DNA (HCD), host cell protein (HCP)

10 impurities and Benzonase ® contaminant introduced during the column wash step (on-column
Benzonase treatment) for the degradation of host cell DNA. Direct comparisons between the
highest performing new resins and the the CS gel currently utilize were also performed.
Briefly, different viral harvest lots were used to evaluate the purification performance of test
resins C and D compared to Cellufine Sulfate. The evaluation includes the step yield,

15 binding capacity, and the impurity levels (e.g., HCD, HCP, and Benzonase™). Using this type

of evaluation, the performance of new resins can be efficiently evaluated.
8.7.1 Materials and Methods

[0422] Materials, Reagent and Equipment: Other materials, equipment and reagents

which perform similarly may be readily substituted.

20 1. Virus harvest lots (ca B/Malaysia 2506/04, ca A/Wisconsin 67/05, ca A/Solomon
Islands 03/06, ca A/Wisconsin67/05, ca A/South Dakota/6/2007) used in these
studies were harvested at 48-68 hours post infection, the harvest titers were
between 8.7-8.9 logoFFU/mL. The clarified viral harvest was processed with 5X
ultrafiltration (UF) and 5X diafiltration (DF) material by tangential flow filtration

25 (TFF1) all performed essentially as detailed in Section 8.6 above, with final titers
of 8.6-9.4 log;o FFU/mL as the column loads.

2. Quant-iT PicoGreen dsDNA kits (Invitrogen, Eugene, Oregon, Cat. No. P11496)
3. 1X SP buffer, pH 7.0 (Hyclone, Ltd, Logan, UT, Cat. No. SH3A1577.03) or
prepared with 6.5 mM potassium phosphate dibasic, 4.5 mM potassium

30 phosphate monobasic, and 218 mM sucrose. For 1 Lof IX SP,6.5mLof 1 M
potassium phosphate dibasic solution, 4.5 mL of 1 M potassium phosphate

monobasic solution, 74.62 g of sucrose were mixed and dissolved in H,O to a
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final volume of 1 L. The pH was adjusted to 7.0 with 1 N H3PO4 or 1 N KOH if
necessary

1X SP, 1 M NaCl buffer was prepared with 9.5 mM potassium phosphate
dibasic, 1.5 mM potassium phosphate monobasic, 218 mM sucrose, and 1 M
NaCl. For 1 L of 1X SP, 1 M NaCl buffer, 9.5 mL of 1 M potassium phosphate
dibasic solution, 1.5 mL of 1 M potassium phosphate monobasic solution, 74.62
g of sucrose, and 58.44 g of sodium chloride (NaCl) were mixed and dissolved in
H,O to a final volume of 1 L. The pH was adjusted to 7.0 with 1 N 1 N H;PO,4 or
1 N KOH if necessary

1X SPB solution contains 2 mM MgCl2 and 50 U/mL Benzonase. To prepare 50
mL of 1X SPB, 100 puL of 1 M MgCI2 and 7.65 pL of Benzonase (327 U/mL)
were added into 49.9 mL of 1X SP

Potassium Phosphate Dibasic, K;HPO4 (Sigma, St. Louis, Missouri, Cat. No.
P3786)

Potassium Phosphate Monobasic, KH,PO, (Sigma, St. Louis, Missouri, Cat. No.
P5379)

1 M K;HPO, Potassium dibasic phosphate (174.18 g) was dissolved in H,O to
final volume of 1 L

1 M KH;,PO, Potassium monobasic phosphate (136.09 g) was dissolved in H,O to
final volume of 1 L

Sucrose (EMD, Gibbstown, New Jersey, Cat. No. 1.07653.9012)

NaCl (EMD, Gibbstown, New Jersey, Cat. No. 7760)

1 M MgCl, (Sigma, St. Louis, Missouri, Cat. No. M1028)

Benzonase® (EMD, Darmstadt, Germany, Cat. No. 1.07653.9012, 353 U/pl)

0.5 N NaOH, diluted from 10 N NaOH (VWR, West Chester, Pennsylvania, Cat.
No. VW3247-7)

0.22 pM Filters (Millipore, Billerica, Massachusetts, Cat No. SCGPU11RE)
Polyethylene terephthalate glycol-modified (PETG) bottles (Nalgene, Rochester,
New York): 1 L (Cat. No. 2019-1000); 2 L (Cat. No. 2019-2000); 125 mL (Cat.
No. 2019-0125); 250 mL (Cat. No. 2019-0250)

Conical Tubes (Corning, Corning, New York): 15 mL (Cat. No. 430052);

50 mL (Cat. No. 630829);
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18. 1.2 um Polygard CN Opticap XL5 Filter (Millipore Corporation, Billerica,
Massachusetts, Cat. No. KN12A05HH1)

19.  0.45 um Durapore Opticap XL4 Filter (Millipore Corporation, Billerica,
Massachusetts, Cat. No. KPHLAQ4HH3)

20. 20 L Bag (Hyclone, Ltd, Logan, UT, Cat. No. SH30712.03)

21. 50 L Bag (Hyclone, Ltd, Logan, UT, Cat. No. SH30712.04)

22. Hollow Fiber, 500 kDa, 4,800 cm? (GE Healthcare, Uppsala, Sweden, Model No.
UFP-500-C-6A)

23. Hollow Fiber, 500 kDa, 1,400 cm? (GE Healthcare, Uppsala, Sweden, Model No.
UFP-500-C-3x2 MA)

24.  Omnifit columns (0.66 cm x 20 cm and 1 ¢cm x 20 cm) (Bio-Chem Valve Inc.
Coldhams Lane, Cambridge)

25. XK-16 column 16 mm x 20 cm (GE Healthcare, Uppsala, Sweden)

26. Akta Explorer 100 (GE Healthcare, Uppsala, Sweden)

27. SpectraMax GEMINI EM microplater reader (Molecular Devices, Sunnyvale,
California)

28.  Thermo Orion pH meter (Thermo Scientific, Waltham, Massachusetts)

29. CDM210 Conductivity meter (Radiometer Analytical, Lyon, France)

[0423] Preparation of Test Resins: Resins were stored in 20% cthanol. The desired

amount of (e.g., 42 mL) of a 50% resin slurry was pipetted into a 50 mL conical tube and
spun at 1000 rpm for 10 minutes. The liquid was removed and the resin was resuspended
with 21 mL of packing buffer (1X SP+1 M NaCl, pH 7.0). The exchange of the resin to the
packing buffer was repeated three times.

[0424] Preparation of a XK-16 (16 mm x 10 cm) Test or CS Resin Column: All the

parts of an empty column were cleaned with water and dried before packing. The column

was assembled according to the manufacture’s instructions. The column adaptor was inserted

into the bottom of the column and the adaptor tubing was connected with a 30 mL of syringe.

The column was positioned vertically and clamped on a stand. 10 mL of the packing buffer

was filled into the column and the bottom syringe was pulled until 2 cm buffer was left in the

column. The prepared Test Resin was poured into the column without introducing air
bubbles and was settled by gravity. After the resin settled, the column was filled with the
packing buffer. The top adaptor was carefully inserted into the column without introducing

air bubbles. The column was then connected to the AKTA Explorer system and packed at
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500 cm/hr (16.7 mL/min) for approximately 20 minutes with the packing buffer until the
column bed height is not changed. The top adaptor was adjusted 1-2 mm down into the top
of the gel. The final packed column bed height was 10 cm, which equals to 20 mL column
volume. A smaller size Omnifit column (0.66 cm x 17 cm), which equals to 5.8 mL of gel
when packed was used for dynamic binding capacity studies with Test Resins and CS gels.
The packed Test Resin column was sanitized with 1 N NaOH for 1 hour and re-equilibrated
with 1X SP pH 7.0 buffer. The packed CS column was sanitized with 0.5 N NaOH for 1 hour
and re-equilibrated with 1X SP pH 7.0 buffer.

[0425] Preparation of the SX Ultrafiltration and 5X Diafiltration (5X UF/ 5X DF)
Conditioned Virus Load for Test Resin and Cellufine Sulfate Columns: 15 or 20 L of the 1X

SP stabilized virus harvest from a 15 L bioreactor or a 30 L SUB bioreactor (the details of

MDCK cell growth and virus production are described in International Patent Publication
WO 08/105931, see in particular, Example 12) was filtered through a 1800 cm? 1.2 um
prefilter capsule and a 1900 cm? 0.45 um filter capsule at a flow rate of 1.5 L/min and
collected in a 20-L Hyclone bag. The direct flow filtration (DFF1) filtrate was then purified
using tangential flow filtration (TFF1) by 5-fold ultrafiltration (5X UF) and 5-fold
diafiltration (5X DF) with 1X SP buffer using the Flexstand system essentially as described
for the improved process above (see Example provided in Section 8.6). The TFF1 step was
performed at a constant shear rate of 16000 s™ and a TMP at 20 psi using a 1400 cm” or a
4800 cm® 500-kDa molecular weight cut-off hollow fiber cartridge for most of the lots. ca
B/Malaysia viral harvest lot #1 was performed at a constant shear rate of 12000 s™ and TMP
at 14.5 psi and ca B/Malaysia viral harvest lot #2 was performed at a constant shear rate of
12,000 s™' and constant flux of 70 LMH. The 5X UF/5X DF virus solution, was aliquoted at
100 mL per bottle. All the bottles were frozen in dry ice and stored at -80 °C as the Test

Resin and CS column load material.

[0426] Test Resin and Cellufine Sulfate Column Running Conditions: The operational
parameters for the Test Resin column (16 mm x 10 cm) runs were the essentially the same as
detailed above for the BPG 100 column. Briefly, the column was first equilibrated with 3
column volumes (CV) of 1X SP and the desired amount of 5X UF/5X DF virus solution was
loaded on the column at a flow rate of 150 cm/hr (5 mL/min for 1.6 cm x 10 cm XK-16
column and 0.85 mL/min for 0.66 cm x 17 cm Omnifit column). After 1 CV of 1X SP buffer
wash, 1X SPB was loaded onto the column at 50 cm/hr (85 mL of 1X SPB with 1.7 mL/min
for 1.6 cm x 10 cm XK-16 column and 15 mL of 1X SPB with 0.3 mL/min for 0.66 cm x 17
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cm Omnifit column) for on-column Benzonase treatment with a contact time of 50 minutes.
The column was then washed with the first 1 CV of 1X SP at 50 cm/hr and the second 1 CV
of 1X SP at 150 cm/hr linear flow rate. The bound virus was eluted with 3 CV of 1X SP
containing 1 M NaCl, pH 7.0 buffer at a linear flow rate of 150 cm/hr. The elution peak was
collected from 20 mAU to 20 mAU (0.1 O.D. to 0.1 O.D.) at Aygo nm. The fractions were
collected for Test Resin load, flow through, Benzonase wash, and eluate. All the samples
were aliquoted, frozen in dry ice and stored at -80 °C for infectivity analysis by FFA
(fluorescent focus assay) and DNA analysis by PicoGreen assay.

[0427] Test Resin Columns Purification Evaluation: The packed Test Resin columns

(16 mm x 10 cm) were loaded individually with the ca B/Malaysia virus strain 5XUF/ 5XDF
TFF1 material at the load concentration of 9.0 log;o FFU/mL. To avoid the loading of small
volume, the SXUF/ 5XDF virus load solution was prediluted 2.5 fold with 1X SP buffer from
the titer of 9.4 log;o FFU/mL to 9.0 log;o FFU/mL before loading. 50 mL of the virus
solution was loaded to target at 9.4 log;o FFU/mL gel for each column run. The calculation
was based on the loading virus titer times the loading volume and divided by the CS column
volume, log (10"(9.0 FFU/mL) x 50 mL / 20 mL column volume) = 9.4 log,o FFU/mL gel.
The virus load, flow through, Benzonase wash and eluate fractions were collected for each
run. All the samples were aliquoted, frozen in dry ice and stored at -80 °C for infectivity
analysis by FFA and for HCD, HCP and Benzonase quantitative analysis.

[0428] Test Resin Columns Binding Capacity Study: The Test Resin columns (16 mm
x 10 cm) were loaded with the ca B/Malaysia virus strain 5XUF/ 5XDF TFF1 material at the
load concentration of 9.0 log;o FFU/mL. The 5XUF/ 5XDF virus load solution was
prediluted with 1X SP buffer from the titer of 9.4 log;o FFU/mL to 9.0 log)o FFU/mL before

loading. Four different total virus loading ranges at 9.4, 9.9, 10.2 and 10.5 log;o FFU/mL gel
were performed to evaluate the binding capacity of the Test Resins. For each run, the virus
load, flow through and eluate samples were collected and analyzed for infectivity titer by
Fluorescent Focus Assay (FFA) essentially as described above (see Example provided in

Section 8.1) and for host cell DNA (HCD) analysis using the Quant-iT PicoGreen kit

essentially following the procedure described in the kit. The column eluate HCD level in
terms of ng per 10 titer dose was calculated as HCD (ng/mL)/(10~(CS eluate titer logo
FFU/mL - 7.0 log;o FFU/dose))= HCD (ng/dose). The level of host cell protein (HCP) and
Benzonase™ were also determined essentially as described above (see Example provided in

Section 8.6).
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gel) Eluasecldfectiluy(loyigs Hopmity DICR L B(d ¢nd/BringOnNse Gugtoinant levels. Test Resins C
15  and D had higher step yields (103.5% and 76.5%) compared to Test Resins A and B and Test
Resin B gave the lowest step yield (14.5%). In terms of the impurity HCD levels, ca
B/Malaysia purified with Test Resins C and D had lower HCD levels (0.07 and 0.08 ng/dose)
compared to Test Resins A and B (0.14 and 0.67 ng/dose). The HCP levels for ca
B/Malaysia purified with T est Resin C (0.27 ng/dose) and Test Resin D (0.21 ng/dose) were
20  similar to Test Resin A (0.26 ng/dose), but lower than Test Resin B (0.87 ng/dose). The
Benzonase levels of ca B/Malaysia purified with Test Resins C and D (0.25 and 0.31

ng/dose) were lower than with Test Resins A and B (1.78 and 2.60 ng/dose).
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dose) Flow Through ("/0) Step Yield ("/0) &Malaysia 9.4 9.7 34.5 0.07 0.6 89.2 A/Wisconsin 10.0 9.9
1062.4 1.34 0.4 78.9 A/Solomon Islands 9.8 9.8 117.1 0.15 0.7 112.5 25 [0443] The purification of ca
A/WisconsiVAhe EHB89alaysia strains were evaluated using Test Resin DP§dVUSRIPESISA and B
show the elution peak chromatogram for virus elution. The peak elution profiles were similar for the

two straingandsne pegissaasoh ot ot 2R &6y 60k, HE TR Gha Bigrerare o&vkrs step was

high with an expected range (<2 ng/dose) of HCD levels for the eluate fraction for bothstrains (Table

using

42). Talle 22 Purificafion Results Summary of the at B/ifagysiaand gg v WiSCoRg)andaNg
Test ResinfGalumn StréihlﬂF&‘a ifotal ViRiep Yield ng/mL ug/mL ng/mL
(logio FFU/mL) (o) (ng/10’dose) | (ug/107dose) | (ng/10’dose)
43.5 41.2 282.5
A 9.5 69.4 (0.14) (0.26) (1.78)
744 10.3 0.84
E1:7.2 0.1 (469.4) (6.50) (0.53)
B E2: 8.6 (Major s 25.8 34.7 103.3
Eluate) : (0.67) (0.87) (2.60)
26.7 107.5 99.6
C 9.6 103.5 0.07) (0.27) (0.25)
27.6 71.5 11.0
E1:9.6 66.4 0.07) (0.18) (0.03)
22.4 56.0 3229
D E2:9.2 10.1 (0.14) (0.35) (2.04)
26.2 67.2 97.0
Total Eluate: 9.5 76.5 (0.08) 0.21) 0.31)
[0434] In Table 38, the virus titer in the flow through for the four Test Resin runs
showed either very low (2.2% of total infectious particles relative to the load for Test Resin
5 () or limit of detection (LOD) indicating that the virus was mostly bound to the gel at a
loading of 9.4 log;o FFU/mL gel. Test Resin C had a higher amount of virus in the flow-
through suggesting that Test Resin C may have a lower binding capacity compared to the
other three Test Resins. The Benzonase wash fraction of these four runs also showed either
non-detectable or a very low percentage of virus (1.2% for Test Resin C and 0.9% for Test
10 Resin D). The initial screening results of the four purification runs with the Test Reins
indicated that Test Resins C and D performed better relative to the other two gels in terms of
the step yields and the eluate impurity and contaminant levels.
Table 38. Comparison of the Test Resins Flow-Through and Benzonase Wash
Fractions
Flow Through Total Load in | Benzonase Wash Total Load in
Test Resins Fraction Titer Flow Through Titer Benzonase Wash
(log;, FFU/mL) (%) (log;, FFU/mL) (%)
A LOD LOD LOD LOD
B LOD LOD LOD LOD
C 7.2 2.2 6.6 1.2
D LOD LOD 6.6 0.9
15 LOD - Limit of detection
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Load (logioFFU/mL Eluate Infectivity DNA Level DNA (ng/107 Flow Through Step Yield of gel)
(logioFFU/mL) (ng/mL) dose) ("/0) (%) B/Malays a 9.9 10.0 202.8 0.20 LOD 98.1 AlWisconsin 9.6 9.9
904.6 1.1 LOO 288/039769D - Limit of Detection 104441 A dynamic bindiff§ €428/ Siidy was
performed with the TFF | (5XUF 5XDF) material for ea B/Malaysia and ea A/Wisconsin, and three

ifferent lots of 4R/ MASSENIR A4018ISAIS! e IRl 10GILOTISDiO RHTIplgel. In he

10beginning of the A280 nm_trace the virus load is relativ_eall%/@flat. After a certain load volume, the A280

increase&<ighiiehtirtha yiraaan resibhbaunditiusa Meheaamy e orimmleadiatieadingd the

column crRagibrihareby Alowiig vk RIERRINALAT.oEhe fercantaga @ tvilustintae fiumghrough was
calculated by dividirﬁ;%q%he virus titer of each flow through fraction by the loading, titer and multiplying by

100. TheBRESIBRPO R CERVBSWAR 3ditiwiaitRes8pErent B e sraliv s ebitetrio AR AR low
through vgesispthelaased tMelHOB. iffiRirity levels at these loading levels were also evaluated. The

binding capacity study results are summarized below. Table 39 lists the binding capacity
results of Test Resins C and D. Table 40 lists binding capacity results of Test Resins A, B, E
and F.

Table 39. Binding Capacity Study of Test Resins C and D (1M or 2M Na(l Elution)

Tes.t (II(; (g)ii,l;% / ETl?tiColn Inl;:;lltz;:fgty 113(1;1; (111)g1711;7 Tlf:(())rlvgh . Step
Resin mL gel) Conc (log FFU/ (ng/mL) dose) (% of the | Yield (%)
NaCl mL) load)

C 9.4 IM 9.6 26.7 0.07 2.8 103.5

C 9.4 2M 9.7 100.5 0.20 LOD 90.2

C 9.9 2M 9.9 1018.8 1.28 1.4 944

C 10.2 2M 9.8 1381.3 2.19 14.4 79.4

D 9.4 IM 9.5 26.2 0.08 LOD 76.5

D 9.4 2M 9.6 44.0 0.11 LOD 59.7

D 10.2 2M 9.8 617.8 0.98 1.4 75.7

10 LOD —Limit of detection

Table 40. Binding Capacity Study of Test Resins A, B, E and F (1 M NaCl Elution)

Loading Flow
Eluate DNA DNA
Test (log,, C . A Through Step Yield
. Infectivity Level (ng/10"7

Resin | FFU/mMLof | o6 FFU/mL & (% of the (%)

oel) (log,, mL) | (ng/mL) dose) load)
E 9.4 9.5 2344 0.74 LOD 82.0
E 9.9 9.7 2662.5 5.31 LOD 52.0
E 10.2 9.6 1997.7 5.87 8.3 47.8
A 9.4 9.5 43.5 0.14 LOD 69.4
A 9.9 9.6 1018.8 2.56 LOD 61.5
A 10.2 9.6 1367.4 343 LOD 62.6
A 10.5 9.6 2334.7 5.87 6.3 51.5
B 9.4 8.6 25.82 0.67 LOD 14.5
B 9.9 8.9 230.3 2.9 LOD 11.7
F 9.9 9.2 196.2 1.24 LOD 34.9

LOD —Limit of detection
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dynamic binding capacity of the gel is defined as the binding capacity per mL of gel when the flow
through fraction reached 10% break through of the virus concentration relative to the loading
concentratioMO2IIUEOB8r the CS column, when IS mL of the virus was loaBe U588 Virus 20
appeared in the flow through fraction. When a binding capacity at 10% break-through was reached,
approximately 19 mL of virus solution was loaded. This represented a loading of 9.8 logio FFU per mL

of gel (logio(1G04963) Al 94wl &ikp ki 3s8IlaiDEHbparrulLaE)f FEURalike fegiafsHiioms of gel
was determined to be the dynamic binding capacity for CS gel with ca B/Malaysia/2506/04 strain lot #
2. Similafty2igHanvste mﬂwmgvm§3&&3&a Eﬁ\dzg%ﬁé&ﬁ&s? M- belHigmAcaRer S 6f ¥irus was

loaded onthe FrstuBesW 42 saivmis L % alithe ittt @npearad redlawchipuphfiaetionskd he dynamic
binding capacity of Test Resin C and D was determined to be 9.96 and 9.92 Io%?FFU/mL of gel,

respectivERPidEes g asiash: e Biiativsda tharedshabsrevsthaiil LARAEELSidhe Fest Resin C, D

and CS aplswniwitisrvesatiets @B/ HaloyainsRng StEaIRStAre BUNYTABRLDINFJatdeh 431AS shown in
WO 2010/036760PCT/US2009/058157 Table 43, the dynamic hinding capacity varied and appeared

to be dep®HpRHBR RAGIRSHIGUHESHYRY CREPHChE JRANY Thaliandriig TR Wt mAhg Sapacity
of CS anghb&st irasiblC3enthO200acs suaisnadtesied % thentl b leed ofitherleadipgsnatenial; the

higher of the HCD level of the loading material, the lower of the dynamic binding capacity of the gel

The 5dynEficBIRdirI LI e B thE GerepearPis WPl BECL odie P by Eﬁe"ill%:gé 8UdFs¥ the loading

mateyial. Rewahympihesized tbaspreonazkerESHNA bimdtothewdrysftiiesclntasialingnitt the
kinetic binding of the virus tg the. gel surface Jigand resulting. in the |Jqwer binding. capacity observed for
virus lotsiliYHIGRB MO A IBVRYSIAFRRITY (e Bl KPR e g A Al SR BERRD capacity

of the CS gl teenied frasyOfér 0t OR: kg0 Ry from 10wt ged. binding safrdsf®cInsbResinie ranged
from 9.9 to 10.7 logioFFU/mL of resi%a d binding capacity for Test Resin D ran]%ﬁg from 9.9 to above

10.7 logi BN BIPEst QIR AL R i IHRHARIRLR) BF e Qaesiihe RAd $5'G8IE were
higher (-2viglihcomppfamthio % 9 Wdemihe/aanditignsteyaluaie si(Thecdynmictirdisig Capacity of

T SRR I ok el st e semtprae e I o C oo S
Material #fitesr imadinghMaterialddi o (Myimby | sadingMateslaoNA (gidase)dinatingaterial HCP
(12g/ml) olf(\)f?r(glisn gr!c\glﬁ%ﬁpo%lglﬂ (EIFZI?‘%/%? ﬁlee? tllz'osvgrﬁl%%%h[) rggc?gif t Jlrs]qleggltﬂ{g in a decreased yield
(79.4%) and an increased HCD level in the eluate (2.19 ng/dose) for Test Resin C. Because
the breakthrough curve was not yet evaluated for each gel, the binding capacity was
20  estimated when no more than 2% of the virus appeared in the flow through for the
corresponding amount of virus load. Thus, 9.9 log;o FFU/mL of gel was the estimated
binding capacity of Test Resin C. As shown in Table 39, for Test Resin D, an increase in the
virus load from 9.5 to 10.2 log;o FFU/mL of gel resulted in an increase in the HCD level from
0.11 ng/dose to 0.98 ng/dose but no major effect on the step yield (59.7% to 79.7%). This is
25  because a small percentage of virus was detected in the flow-through (1.4%) even at a
loading of 10.2 logio FFU/mL gel. Thus, 10.2 log 1o)FFU/mL of gel was estimated to be the
binding capacity of Test Resin D.
[0437] In summary, the estimated binding capacity for Test Resin C and D were 9.9
and 10.2 logio FFU/mL of gel, respectively. Test Resin D had approximately two times
30  higher binding capacity than Test Resin C in this set of studies with the ca B/Malaysia strain.
When the amount of virus load was increased, the eluate HCD levels for both Test Resin C
and D were also increased. Comparing the gels at the same loading level of 10.2 logo
FFU/mL of gel, the level HCD value per dose for Test Resin C (2.19 ng/dose) was higher
than the Test Resin D (0.98 ng/dose) thus the impact on the HCD level for Test Resin C was
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more notable than Test Resin D at a higher virus load. In terms of the step yield comparing
various amounts of virus load, Test Resin C gave slightly higher step yields than Test Resin
D.

[0438] The initial screening results indicated that Test Resin C and D gave better
purification results compared to Test Resin A and B when studies were performed at a
loading of 9.4 logio FFU/mL of gel. In order to evaluate whether Test Resin A and B as well
as two additional Test Resins (E and F) could give even higher binding capacities than Test
Resin C and D, binding capacity studies were performed with Test Resins A, B, E and F and
evaluated for step yields . The results are summarized in Table 40. In this set of purification
runs, the bound virus was eluted with SP buffer 1 M NaCl, which is the elution buffer
condition used for the CS chromatography step described in the Example provided in Section
8.6.

[0439] Asshown in Table 40, the estimated binding capacity for Test Resin E was
between 9.9 to 10.2 log;o FFU/mL of gel because at these two loading ranges the percentage
of virus in the flow through increased from not-detected to 8.3%. For Test Resin A, the
estimated binding capacity was between 10.2 to 10.5 log;o FFU/mL of gel because the
percentage of virus in the flow through increased from not-detected to 6.3% at these two
loading ranges. The binding capacities for both Test Resin B and E were estimated to be at
least > 9.9 logo FFU/mL of gel because there were no runs performed at higher loading
ranges.

[0440] When evaluating the impact on the HCD levels at higher amounts of virus
load, the HCD levels for Test Resins A, B, E, and F increased when the virus load was
increased from 9.4 to 9.9 log;o FFU/mL of gel. Even higher HCD levels were observed for
Test Resins A and E when loading was increased up to 10.2 and 10.5 log;o FFU/mL of gel.
At the same amount of virus load (9.9 log;)FFU/mL of gel) with Test Resins C and D, higher
HCD levels were observed in the elution fraction for several of the Test Resins (3.43 ng/dose
for Test Resin A, 2.9 ng/dose for Test Resin B, 5.31 ng/dose for Test Resin E, and 1.24
ng/dose for Test Resin F) (Table 40). Thus, the impact on the HCD levels for the Test Resins
A, B, E and F with the higher virus load was more remarkable than for Test Resins C and D.

[0441] The step yield decreased from 82% to 47.8% for Test Resin E when the virus
loading was increased from 9.4 to 10.2 logio FFU/mL of gel (Table 40). For Test Resin A,
the step yield also decreased (69.4% to 51.5%) when virus loading was increased from 9.4 to
10.5 log1oFFU/mL of gel. Both Test Resins B and F showed relative low step yields (11.7%

and 34.9%) compared with the Test Resin E and A (52.0% and 61.5%) with the same amount
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TR D: 10.1 .10g10FFU/mL of gel =~ 10446] After comparing the dynamic binding capacity of CS to
Test Resin C and D, individual runs were performed using three lots of ca B/Malaysia to evaluate the
step yield aNORIPEFHGI4 of HCD for CS and Tes Resins using the same IBaHH§XBMLEENs. The
20target loading titer ranges for each lot were selected for study according to the dynamic binding

capacity gf {i{qbaliable At SWPDIAIZ68 $88. PYRESaHRNSIRPWASISHERY dd @D oKl s dABRYS Virus

loading raréges for CS, Test Resin C and Test Resin D column purification of ca B/Malaysia lot 1. The
bi

estimated GitRgrng Expaditgtresrudh Righer stand v e sy BB Stogiqrd JriResiet respectively.

Test Resjpdhp¢appisednatelyt RQitimes higher WRpaehe/M6TEOREsTMY S2O0RMRR IS {tiinding
capacity than Test Resin C in these studies. The binding capacity for CS was 9.7 logioFFU/mL of gel3

using thelS&AYS fieltrmisrvislds iprrest Regs A dRdt A At i ertovishy 02 fine) Bitedihg capacity

thansCS. Wheine anaum fviasiRackwasairareasedrifier g Hialdavalsdarbodsiest Resin C
and D also increased. Comparing the gé-:-ls at the 5same loading level of 10.2 logioFFU/mL of gel, the

HCD levéPFRRHoL 5 RsenesiiB BeLaentidsd Bitas higher than for Test Resin D (0.98 ng/dose).

Thus, the incrgasag2 theseRaim dGRadexel wasaimitarfierpiheitesbResinteraneh Sa-gak when the virus
load was increased. However, for th? Test Resin C gel, the incr?fse in HCD level was more

noteworthiEEEm pafe 8 i s 16 CFHRnRE R BT AR S AR A Rtiise g PYiFHES 8hGvas 10
comparablenik sdigibl ity TosbResin lepdipapddeviRstiRagin TesCrRmpACEEbiaHhe Cicolumn,

Test Resin C an columps gave higher step yields when virus purificatign was performed at a higher
virdsoloa&’%ﬂd@%@i%? ﬁ}r‘géé‘tﬂgééi?f%“ﬁ’é!&l%mb??e Bﬂ%ﬁ&gﬁbﬁwg%ﬁ&@?%wmﬁaﬁon
performagegcaaeed ©) CEabRrMT estRESKidp ylabiadd HCDpasison 1t CRanehl eff Resins C and

D with ca B/Malaysia Lot 1 Ge| Total Virus t Eluate Infectivity logioFFU/mL Elyate DNA Level
(ng/dosel BibIFRPRIGR 9% Bkl isier (%ﬁg‘i@q@%és .@%ﬁ@}?ﬁ_. regggiagais. Allthe

virus bound on the column and less than 1% of the total infectious virus particles relative to
the load were observed in the flow through under the loading conditions at 9.4 to 10.0

15  FFU/mL gel. The step yields of the three strains ranged from 78.9 to 112.5%, which were
relatively comparable for all three strains and were comparable to previous high yields for
Test Resin C gel. Host cell DNA levels were still low when loading under 9.8 log;oFFU/mL
gel, however, the DNA level in the eluate increased to 1.34 ng/dose when a high amount of
virus load was applied (at 10 log;o0FFU/mL of gel). A similar increase in HCD level was

20  observed for the binding capacity study using Test Resin C gel with ca B/Malaysia strain in
the previous study. The results indicated that Test Resins gave similar performance when
purified with different strains.

Table 41.  Purification Results Summary of the c2 B/Malaysia, c2 A/Wisconsin, and
A/Solomon Islands Strains using Test Resin C Column

T"tﬁl ;’(;"“S Eluate DNA DNA Flow Step

Strain (ca) (o l*?FU /mL Infectivity Level (ng/10’ Through Yield

g“’gel) (log FFU/mL) | (ng/mL) dose) (%) (%)

B/Malaysia 9.4 9.7 34.5 0.07 0.6 89.2

A/Wisconsin 10.0 9.9 1062.4 1.34 0.4 78.9

A/Solomon 9.8 9.8 117.1 0.15 0.7 112.5
Islands

25
[0443] The purification of ca A/Wisconsin and ca B/Malaysia strains were evaluated

using Test Resin D gel. Figures 22A and B show the elution peak chromatogram for virus

elution. The peak elution profiles were similar for the two strains and the purification
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recovery for this step was high with an expected range (<2 ng/dose) of HCD levels for the

cluate fraction for bothstrains (Table 42).

Table 42.  Purification Results Summary of the ca B/Malaysia and ca2 A/Wisconsin
Strains using Test Resin D Column
T"tﬁl Z(;"“s Eluate DNA DNA Flow Step
Strain (ca) (o l*?FU /mL Infectivity Level (ng/10’ Through Yield
S0 (log FFU/mL) | (ng/mL) | dose) (%) (%)
of gel)
B/Malaysia 9.9 10.0 202.8 0.20 LOD 98.1
A/Wisconsin 9.6 9.9 904.6 1.1 LOD 133

LOD — Limit of Detection

[0444]

A dynamic binding capacity study was performed with the TFF 1 (SXUF

5XDF) material for ca B/Malaysia and ca A/Wisconsin, and three different lots of ca
B/Malaysia with a total target virus load of 10.5 to 10.7 log;o FFU/mL of gel. In the
beginning of the A,z nm trace the virus load is relatively flat. After a certain load volume,
the Ajgo increased significantly and gradually reached a plateau indicating the column had
exceeded the column capacity thereby allowing virus breakthrough. The percentage of virus
in the flow through was calculated by dividing the virus titer of each flow through fraction by
the loading titer and multiplying by 100. The breakthrough curve was plotted with the
percentage of virus concentration in the flow through versus the loaded volume. The
dynamic binding capacity of the gel is defined as the binding capacity per mL of gel when the
flow through fraction reached 10% break through of the virus concentration relative to the
loading concentration.

[0445] For the CS column, when 18 mL of the virus was loaded, 5% of the virus
appeared in the flow through fraction. When a binding capacity at 10% break-through was
reached, approximately 19 mL of virus solution was loaded. This represented a loading of
9.8 logio FFU per mL of gel (logio(10” (9.3) x 19 mL/5.8 mL) = 9.8 log;o FFU per mL gel).
Thus, 9.72 logio FFU/mL of gel was determined to be the dynamic binding capacity for CS
gel with ca B/Malaysia/2506/04 strain lot # 2. Similarly, when 27 mL of virus was loaded on
the Test Resin C column and 24 mL of virus was loaded on the Test Resin D column, 10 %
of the virus appeared in flow through fractions. The dynamic binding capacity of Test Resin
C and D was determined to be 9.96 and 9.92 log;o FFU/mL of gel, respectively, with the
same lot ca B/Malaysia. The dynamic binding capacities for the Test Resin C, D and CS

column with several lots ca B/Malaysia and strains are summarized in Table 43. As shown in
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60.0 10.2 9.8 0.98 1.4 75.7 15 LOD - Limit of DetectionllogioFFU/mL of gel  [04471 Table 45
summarizes the purification step yields and HCD levels at various virus loading ranges for the column
purification WithZ8t B##Aysia lot 2 using CS, Test Resin C and Test Resin t$.The2#Ik8ME¢apacities
for Test Resin C and D and CS were 9.96, 209.92 and 9.80 logioFFUImL of gel, respectively. Test

Resin C ang|P4acha st hahies diaging epasivibapfeaarl YWhepihadyirda taadive was dose to
the dynamic binding capacity, 9.8-9.9 logio FEU/mL of gel, the step yields for all three gels were

comparabi€ B¢ B gshsopading graietinlusTibadimgnie Aindiig eanasihl Silgernghd StERSBIds for CS

dramaticallydenresiaahionpedticand beshéaein (edeerRsadaimdmdemdlithd asiResiie 25yield
remained similar at 63.2%. When the ‘Ioadiniéwas increased to 10.4 Jogio FFU/mL, of WO

2010/03676BPeh 9 Stsoorsiag grigainlbedemeyiafdhs: yaamitur e capastYPL PR WHIkS the Test

Resipn C apgabeldaidecgnsad &7 k. 8-aapp3:5% verReaivelrd Darter yalds affirst Resin C and
D were considerably higher than the CS gel. Table 45. Comparison of CS and Test Resins C and D

with ¢ a 1Rk Aovess bypetherisrd th domr Aest Arddadiey fopfsrethmiriidas DNA Level
(ng/dose)rrdemribiar QUGN HY R RieP HIRIGh DRSS N B 1. Bel Sutfbied BighAdlr&ditln8lin the lower

binding capacity observed for virus lots with higher DNA levels. Among the four lots shown
in Table 43, the dynamic binding capacity of the CS gel varied from 9.7 to 10.4 log;oFFU/mL
10 of gel, binding capacity for Test Resin C ranged from 9.9 to 10.7 log;oFFU/mL of resin and
binding capacity for Test Resin D ranged from 9.9 to above 10.7 logoFFU/mL of gel.
Overall, the dynamic binding capacity of Test Resin C and D gels were higher (~2 fold)
compared to CS gel under the conditions evaluated. The dynamic binding capacity of Test

Resin D gel was sometimes higher in some lots and at least comparable to Test Resin C gel.

15 Table43. Summary of Dynamic Binding Capacity for Different Lots of Virus

Loadin Loading Loading Loading Loading Estimated
Strain (ca) Mat r'z;gl Material | Material Material Material Dynamic
n fea Titert DNA DNA HCP HCP Binding
(ng/mL) | (ng/dose) | (ug/mL) (ng/dose) Capacity’
. CS: 9.7
B/ hﬁzltai’m 9.3 7485.8 37.5 NA NA TR C: 9.9
TR D: 10.2
. CS: 9.8
B/ “I/letag sia 9.3 215968 | 1082 68.44 0.343 TR C: 9.96
TRD: 9.92
. CS: 10.4
A WLlf)f‘;“m 8.5 4512 14.3 18.96 0.60 TR C: 10.7
TR D: >10.7
B/Malaysia CS: 10.2
Lo 9.1 9436.9 75.0 41.04 0.326 TR D: 101
ilogloFFU/rnL of gel

[0446] After comparing the dynamic binding capacity of CS to Test Resin C and D,
individual runs were performed using three lots of ca B/Malaysia to evaluate the step yield
and the removal of HCD for CS and Tes Resins using the same loading conditions. The

20  target loading titer ranges for each lot were selected for study according to the dynamic
binding capacity of the lot. Table 44 summarizes the purification step yield and HCD levels
at various virus loading ranges for CS, Test Resin C and Test Resin D column purification of
ca B/Malaysia lot 1. The estimated binding capacity for Test Resin C and D were 9.9 and
10.2 logio FFU/mL of gel, respectively. Test Resin D had approximately two times higher
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binding capacity than Test Resin C in these studies. The binding capacity for CS was 9.7
log1oFFU/mL of gel® using the same lot of material. Both Test Resin C and D had a higher
(2- and 4-fold) binding capacity than CS. When the amount of virus load was increased, the
cluate HCD levels for both Test Resin C and D also increased. Comparing the gels at the
5  same loading level of 10.2 logio FFU/mL of gel, the HCD level per dose for Test Resin C

(2.19 ng/dose) was higher than for Test Resin D (0.98 ng/dose). Thus, the increase in the
cluate HCD level was similar for the Test Resin D and CS gel when the virus load was
increased. However, for the Test Resin C gel, the increase in HCD level was more
noteworthy compared to the CS gel. The step yield with various amounts of virus load was

10 comparable or slightly with Test Resin C compared to Test Resin D. Compared to the CS
column, Test Resin C and D columns gave higher step yields when virus purification was
performed at a higher virus load condition. Overall, Test Resin D had a higher binding

capacity and better purification performance compared to CS and Test Resin C.

Table 44. Comparison of CS and Test Resins C and D with ca B/Malaysia Lot 1

Total Virus Elua}t(? Eluate DNA Level | Flow Through Step
Gel Load * Infectivity (ng/dose) (%) Yield (%)
log,(FFU/mL
9.5 9.8 0.23 0.2 71.0
s 9.7 9.9 0.39 1.5 83.0
9.9 9.7 0.74 7.1 44.9
10.2 9.8 0.95 26.7 30.7
9.4 9.7 0.2 LOD 90.2
Test
Resin C 9.9 9.9 1.28 1.4 94.4
10.2 9.8 2.19 14.4 79.4
Test 9.4 9.6 0.11 LOD 60.0
Resin D 10.2 9.8 0.98 1.4 75.7
15 LOD — Limit of Detection ilogloFFU/mL of gel

[0447] Table 45 summarizes the purification step yields and HCD levels at various
virus loading ranges for the column purification with ca B/Malaysia lot 2 using CS, Test
Resin C and Test Resin D. The binding capacities for Test Resin C and D and CS were 9.96,

20 9.92 and 9.80 log;o FFU/mL of gel, respectively. Test Resin C and D had a slightly higher
binding capacity than CS gel. When the virus loading was close to the dynamic binding
capacity, 9.8-9.9 logjo FFU/mL of gel, the step yields for all three gels were comparable at
47.5% - 62.8%. At higher virus loading, 10.1 log;o FFU/mL of gel, the step yields for CS
dramatically decreased to 25.2% and Test Resin C decreased to 50.2% while Test Resin D

25  yield remained similar at 63.2%. When the loading was increased to 10.4 log;o FFU/mL of
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63.2 10.4 9.8 1.21 48.9 39.5 5tlogi oFFU/mL of gel ~ [0448] When the amount of virus load was
increased, the eluate HCD levels for the CS, Test Resin C and D gels also increased. Comparison of
the gels at ttOSAME TSNt of virus loading 9.8 to 10.4 logio FFU/mL of gdiCTASIEMPFIFICD per
dose for Test Resin C 10(0.97, 2.51, 2.93 ng/dose) was higher than the CS (0.5, 1.91, 2.43 ng/dose)
and the HEDyakueh olclEst Be SR MR IERJawe st @R Rhilibihe 1%k RAMIPERINT neyiRgIgase in HCD

level in virus purified using Test Resin C was greater than for the CS gel. The increase in the eluate

HCD levelsiaassiiRat St Pl toRiEsne 65wl IS GuEmHitiligh! LY fhrsestaRedhis Overall, Test
Resin D baskhighseringiegaapacity spdibetter purification performance 15(step yield and HCD level)
compared to CS and Test Resin C particularly when evaluated at a higher a virus load condition.
[04491 AftabRSERSSIND thp@¥diab POSinaliaraEisimaocmaily asilResBy M dngsia Wih#2S column for
the previous two lots of ca 13/Malaysia, Test Resin D was chosen for purification studies to further
compare the CS delhesmy’ ¥3ﬁMaIa JiuE#3. The pagmltpa & 20 suRarizedn TeBIgBfoof this lot,
the dynami@©Blnding cai48ity of/C 'éﬁ‘i&“‘ﬂé&t ResinRivggasemparable with 10.2 JogiqifiU/mL of gel

for CS and 10 HagieFFUml—o 3 Bl Mpdsin D When combarit rg-perermat us

amounts of yjrus leae; tgbé HED Ieve!sg‘vfre comparablc‘%ervvee. the Cg he-Fest ReShoD gel (all less

h Cariba ctapnitinalde Sdoenapialhrat o l—\li‘n ax i laae :L 1 2 o 1n25|;~:.-. | /

than 1.1 ng/dose) ot i SR yeas; Z?pcuou yata IZL etf-viras1oaa UZ OZang16-3logioFFU/mL
T + DD H (=Y v Liatladl laett +alel o A O Q0/\ FaYal -3 s 0,

of gel, Trest-25ResinD e SiHgnty oeet DLUIJ YIeIGS{pg,0 ant4.070) TS 3.¢and 55.2%).

WO 2010/086760 3CT/'l1J03?009/ :)81.59 Jabte 46 punbusﬂflbun off€S dll%l—gu Wit T3valaysia Lot

#3 Cel TobebWifus CoadfeUate mfectiyity fogiof FOM; giuate DINA Tevey (g7doSE) F@/\g Thrpugh

(0,4) Step Yield (%) CSPY 9.9 043 LD LOD N/A 475
Tost 10.1 9.8 1.67 145 632

Resin D
10.4 9.8 1.21 48.9 39.5

5 ilogloFFU/mL of gel

[0448] When the amount of virus load was increased, the eluate HCD levels for the
CS, Test Resin C and D gels also increased. Comparison of the gels at the same amount of
virus loading 9.8 to 10.4 log;o FFU/mL of gel , the level of HCD per dose for Test Resin C

10 (0.97,2.51, 2.93 ng/dose) was higher than the CS (0.5, 1.91, 2.43 ng/dose) and the HCD
value for Test Resin D was the lowest (LOD, 1.67, 1.21 ng/dose). The increase in HCD level
in virus purified using Test Resin C was greater than for the CS gel. The increase in the
cluate HCD level was similar for the Test Resin D and CS gel, although less for Test Resin
D. Overall, Test Resin D had higher binding capacity and better purification performance

15  (step yield and HCD level) compared to CS and Test Resin C particularly when evaluated at a
higher a virus load condition.

[0449] After assessing the overall purification performance of Test Resin C and D
with CS column for the previous two lots of ca B/Malaysia, Test Resin D was chosen for
purification studies to further compare the CS gel using B/Malaysia lot #3. The results are

20  summarized in Table 46. For this lot, the dynamic binding capacity of CS and Test Resin D
were comparable with 10.2 log;o FFU/mL of gel for CS and 10.1 log;o FFU/mL of gel for
Test Resin D. When comparing performance with various amounts of virus load, the HCD
levels were comparable between the CS and Test Resin D gel (all less than 1.1 ng/dose). For
the step yields, especially at a higher virus load of 10.2 and 10.5 log;o FFU/mL of gel, Test

25  Resin D gave slightly better step yields (52.8 and 65.8%) than CS gel (46.2 and 55.2%)).
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99.6 10.29.81.136.846.2 10.510.00.7513.1 55.2 FluSelect 49.99.80.79 0.7 79.1 10.29.8 0.81
8.6 52.8 10.510.1 1.08 20.7 65.8 tlogioFFU/mL of gel 104501 To evaluate the sealability of the
purification, WOX0HEEIN69 gel was packed in 5a XK-50 column (5 cm x 17 cRO T/ S2Y05H1S7
approximately 25-fold. A | O-L bioreactor viral harvest, TVCC-2 Lot #32 ca A/South Dakota strain, was

processef:gfieu&P stahiligation BF-€ES and Flurlvik LFBanthX<RR).asdescribed in the methods for
the column load material. The TFF | (56XUF 5XDF) material was loaded onto the Test Resin D and CS

XK50 column (5 cm x%&m}rﬁgsp(activmﬁTﬁwe colymn{HPRIRG coqditionstden ope atiSteal 10
parameters$rtluding thq lpaeing and Wetitifear flow raje,@Regolumn Bdizevisc treatisitht and the
elution steps werelthe same as the| T&EF AR cess (20-1 scale) andlthe skl scale rér*desgribed in
the methods sectien—FEige e 22C shows tRd e!utio‘n—peal»(—eohﬁénmogﬁa»ms F9Bst Resin %t XK-50
column |scal&> Thelelution béak shewed-@Small prepeak-in the beginring-ofife-elution 15fowad by a
main Sir 1 v mnila fan p.er- n-FIui-h:”I Eaoli MiZi nn:all oY . r\ﬂhﬁ Li(lr\nl mn +Inn5.5‘n2'nll q Cale

: I | C"VI‘ZQ.IQ.:BCD UT urmc J.\JCIW!VQI PCC‘.I\ A UMDSCGITNTUITT Lllcﬂ‘lf(ﬂ.ll -
elution (,fﬁ‘huﬁmog i and-B) 0.81 6 578

10.5 10.1 1.08 20.7 65.8

ilogloFFU/rnL of gel

[0450] To evaluate the scalability of the purification, Test Resin D gel was packed in
5 aXK-50 column (5 cm x 17 cm) to scale-up approximately 25-fold. A 10-L bioreactor viral
harvest, TVCC-2 Lot #32 ca A/South Dakota strain, was processed after SP stabilization,
DFF1 and TFF1 (5X UF and 5X DF) as described in the methods for the column load
material. The TFF1 (5XUF 5XDF) material was loaded onto the Test Resin D and CS XK-
50 column (5 cm x 17 ¢m), respectively. The column running conditions and operational
10 parameters including the loading and wash linear flow rate, on-column Benzonase treatment
and the elution steps were the same as the TVCC-1 process (20-L scale) and the small scale
run described in the methods section. Figure 22C shows the elution peak chromatograms of
Test Resin D at XK-50 column scale. The elution peak showed a small prepeak in the
beginning of the elution followed by a main single peak without the multiple features of the
15  eclution peak as observed in the small scale elution chromatogram (Figures 22A and B).
Table 47 summarizes the purification step yields and eluate HCD levels for the Test Resin D
and CS column runs. At a total virus load of 10.0 log;(FFU/ mL of gel, the Test Resin D
pilot scale-up purification run gave a comparable step yield (75.6 %) and low HCD levels
(0.15 ng/dose) demonstrating the scalability of the Test Resin D gel. These results when
20  compared to the CS XK-50 column run showed that the HCD level of the Test Resin D

column eluate was two- fold lower than the CS column eluate.

25
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Table 47 summarizes the purification step yields and eluate HCD levels for the Test Resin D and CS
column runs. At a total virus load of 10.0 log10FF11/ mL of gel, the Test Resin D pilot scale-up
purification MR @ Wmparable step yield (75.6 %) and low HCD levels F§ T SYRIGSEYS7
demonstrating the scalability of the Test Resin D gel. These results when 20 compared to the CS
XK-50 copypr um showiagdrabieridShAdavrivgdiee: 1eekBsp 0 Jhsaiupwrisleaenvwiiwer fold lower
than the CS column cAysiritB D INEI22010/036760PCT/US2009/058157 Table 47. Comparison of CS
and FluSelect 4 XK-50 Column Purification with ca A/South Dakota Gel Loading Material Total Virus

nfectivity Eftate DI

Eluate |
(logioFH

A Level

Etuate DNA Lev

Flow Thrg

ugh Step Yi

id— Titer

ad&

Eluate
DNA
Level

(ng/mL)

rU/mL)
Gel

o)rdiad)

Virus
Load*

(ngftniake CS
Infectivity
(log ,FFU/mL)

Eluate
DNA Level
(ng/dose)

Flow
Through
(%)

(noédase) (
Material
Titer*

Step
Yield
(%)

CS 9.4 10.0 10.0 330.5 0.33 LOD 68.8

Test

Resin 9.4 10.0 9.9 120.0 0.15 LOD 75.6

D

10

15

20

25

ilogloFFU/rnL of gel

[0451] A total of six Test Resins were screened and evaluated for virus purification.
The evaluation included assessment of the step yield, binding capacity, and the impurity
level. Test Resins C and D had better binding capacities, higher step yields and lower
impurity HCD levels relative to the other four Test Resins. The step yields of Test Resin B
and F were too low to be considered for commercial scale preparations. The binding capacity
of Test Resins A and E were slightly higher or comparable relative to Test Resin C and D;
however, the step yields were not as high and the impurity HCD increased to much higher
levels at higher amounts of virus load. Comparing Test Resins C and D, although slightly
better step yields were observed for Test Resin C, Test Resin D appeared to have a higher
binding capacity and less impact on the amount of HCD levels when a higher amount of virus
was loaded. This suggested that Test Resins C and D are chromatography gels that could be
considered for use in commercial scale purifications. Further performance assessment
including the binding capacity, step yields and the host cell DNA level in the column eluate
of the Test Resin C and D comparing with Cellufine Sulfate gels showed Test Resin D gel is
better than Test Resin C thus selected as an alternative for CS for further scale-up evaluation.
With the evaluation of four different virus lots, the dynamic binding capacity of Test Resin C
and D was approximately 2-fold higher (in some lots) or at least comparable to the Cellufine
Sulfate. Test Resin D had a similar or higher binding capacity than Test Resin C. In terms of
the step yield and host cell DNA levels, Test Resin D had a similar yield compared to Test
Resin C but generally higher yield than CS at the higher amount of virus loading condition.
With an increased in virus load, the impact on the increase in the eluate HCD level was
similar for the Test Resin D and CS gel but the impact on the increase in the eluate HCD
level was more notable for the Test Resin C. The HCD level of Test Resin D eluate was

comparable to CS for all the lots evaluated. Finally, the pilot scale-up evaluation of Test
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9.4 10.0 10.0 330.5 0.33 LOD 68.8 Test Resin 9.4 10.0 9.9 120.0 0.15LOD 75.6 D

logioFFU/mL of gel 5[0451] A total of six Test Resins were screened and evaluated for virus
purification. WYR2EWAIEGON included assessment of the step yield, binding EPHERFQAFIHE impurity
level. Test Resins C and D had better binding capacities, higher step yields and lower impurity HCD
levels relptive 19 Xe-sthesifenh hesiideins. phirgisieyialds MR ResiDRand i e Kemiew to be

considered for commercial scale preparations, The binding capacity 10 of Test Resins A and E were

slightly hifFRenstreERtsalphdli andeths reispiddmbe wisd B Hoillstrativse biapyrespiiessinot as high

and the iraputychiGla: iDsseasad jR s haheilegls at higher amounts of virus load. Comparing
Test Resins C and D, although slightly better step yields were observed for Test Resin C, Test Resin

D appeaf8 Puhificationigh&nding capacity and less impact on the amount of HCD levels when a

higher amoun; of virus iiwas loaded. This suggested that Test Resins C and D arc chromatography
gelsthat co se in commercial scale purifications. Further performance

s
assessment IMcRidMSHIEPBIBEE Bt} FHED vields and the host cell DNA level in the column

eluate of theyTest,Res RAEpLamRALNg yuith Cellufine Sulfate gels showed Test Resin D gel is
better than Test Resin C thus selected as an alternative for CS for further scale-up evaluation. 20With
the evaluatich of-fouraifferéenuit’d TorontiiabiftHeimic binding capacity of Test Resin C

4) 3.0/0.8-um Sartoclean CA membrane filter
10 5) 0.45-um Millipak 100 PVDF filter

6) UF/DF hollow fiber cartridge, 500 KDa membrane pore size, lumen i.d. can be either
0.5mm or 1.0 mm, path length can vary from 30 — 60 cm

Chemicals
1) Sucrose

15 2) Tris. Cl
3) KCl
4) KH,PO,
5) K;HPO,
6) NaCl
20 7) KCI
8) EDTA
9) Trehalose
10) SFM4MegaVir
11) Sodium Citrate
25 12) Potassium Citrate
13) Benzonase
14) NaOH
15) NaOCl

Equipment
30

1) Wavemixer with heating unit (Wave Biotech Model # 20/50EH
2) 10 L Stedim bags (Cat# FBP10381)

3) Carboys

4) Pipettes
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and D was approximately 2-fold higher (in some lots) or at least comparable to the Cellufine Sulfate.
Test Resin D had a similar or higher binding capacity than Test Resin C. In terms of the step yield and
host cell DNRQ20&9)36¢k Resin D had a similar yield compared to Test ReBfI®$AM0Y@FElly higher
yield than CS at the higher amount of virus loading condition. 25 With an increased in virus load, the
impact on the)ingrase irsthaeluateNdfzbhigvel was similar for the Test Resin D and CS gel but the
impact on the increase in the eluate HCD level was more notable for the Test Resin C. The HCD level
of Test Resiﬁ)D%ﬁjgié?‘V\%@@omparable to CS for all the lots evaluated. Finally, the pilot scale-up

evaluation ofy esi MO (R0 ZEOR GT0L5800841958157 Resin D XK-50 column run showed a
purification yield and low host DNA level in the eluate demonstratinfg scalabilitzga?nd the potential to be

used as an altefidtbecNstERgMpAS! G RAVEDN b indrattiue Yedr brdBs minutacturing. 8.8

Purification of RSV 5Filters and Cartriftes 1) 811m Sartopurc PP2 nominal filter 2) 31.1m Sartopure

PP2 nomigsy fikgri it £i6a-Rivc ol IR Iepinbr PRwi talditter 4) 3.0/0.8-1,1m Sartoclean CA membrane
filter 105) 0.45-um Millipak 100 PVDF filter 6) UPDF hollow fiber cartridge, 500 KDa membrane pore

size, lumen i.d can be either 0.5mm or ROvmiamipathcle Agth camvaryrérom 30 - 60 cm Chemicals 1)
Sucrose 1S2) Tris. ) Na rehalose | 0)

SFM4MegaVif ElkSadmamtdisiaiZe L E) P alassisnDEH alen 1 3) Benzensse hALNaGHi L&) Nap Tl
Equipment 30 1) Wavemixer with heating unit (Waye:Biotggh Model # 20/50EH 2) 10 L Stedim pbags

(Cat# FBP10381) 3) Carboys 4) Pipettes WO 2010/03p760PCT/US2009/058157 5) Bottles (250 mL, |

L Nalgene) 6)[GE Flex Stand 7) PUMPS (Yais@l MREQW¢Ber,f4UDI), 8) Balance (Sartorius, Model #
EBG60OEDE- [; Sartorius Model # CP42025) 1

Filter the material by direct flow filtration (DFF) using 3.0/0.8 Sartoclean or 0.65-um
Sartopure PP2 filter

|
Stabilization of Benzonase treated and clarified viral harvest with sucrose, phosphate or Tris
buffer with salt (NaCl or KCI). The harvest is stored at 22 + 3 °C for 15 -19 hrs

|
| Concentrate and diafilter the material using TFF System and hollow fiber cartridge |
|

| Filter material by direct flow filtration (DFF) using 0.45 um filters |

|
Aliquot the final bulk product into 250 mL bottles flash frozen and stored at or below — 60 °C

Methodology
10

1) RSV (e.g., rA2¢cp248/404/1030ASH) virus is grown in Vero cells. The current
production platform uses a 10-L bioreactor. Virus harvest (VH) contains
SFM4MegaVir infection medium (Hyclone)..

2) Viral harvest virus is pooled in a 10-L Stedim bag and filtered through a 8- or 3-um

15 filter at a feed pressure of 15 psi and with a load of 4-5 mL VH/cm? of the effective
filtration arca (EFA) for the 3-um filter or 27 mL VH/cm® of the EFA for the 8-um
filter. The filtrate is collected and weighed in a 10-L Stedim bag.

3) The clarified viral harvest is treated with 50 U/mL of Benzonase at 32 + 3 °C for 3
hrs. The harvest is rocked at 30 rocks/min (rpm) and at a 3° angle.

20 4) The clarified, Benzonase-treated VH is filtered through a 0.65-um Sartorius Sartopure
PP2 filter with a load of 16 - 18 mL of clarified, Benzonase-treated VH /em® of the
EFA for the filter.
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5 RSV Purification Process Description Floss Chart RSV viral harvest from Cell Culture Filter the
material by direct flow filtration (DFF) using combination of clarification filters ( 8.0 pm or 3.0 pm)
Treat the haiR30 WHEBEhzonase Filter the material by direct flow filtration ASFASE4MGB15/0.8

Sartoclean or 0.65-pm Sartopure PP2 filter Stabilization of Benzonase treated and clarified viral

harvest with sucrosg, phRspB3igArlHisOHigENIRALMNAHL LIVif-RiohNsufer@siisigired at 22 3

C for 15-19 hrs Concentrate and diafilter the material using TFF System and hollow fiber cartridge

Filter material by direcBftsWikrsdnrrMususgoscsme v freYsMafghet kdel final bulk product into 250

nth bottles fla hﬁﬁ%%@%ﬁ%@ﬁ{@ﬂ&%%[o?@@\’lérﬁ £t M@m@qﬁ@%@iéﬁﬁé%(ﬁ@feed material
rA2cp248/404/1030ASH) virus is grown in Vero cells. The current production platform uses a | 0-L

bioreactor. Virud¥idhgautrafilijation ABSHRAARIBEEVIr infection medium (Hyclone).. 2) Viral harvest
virussis pooleg i b RrdaRiadim dagignd-itened torauaR @Sy Roupvlaviltenatiaderdressure of 15
psi and with a load of 4-5 mL VH/cm2 of the effective filtration area (EFA) for the 3-gm filter or 27 mL
VH/cm2 of the Bicaltbeateevaththailtenerhd e isloonecldd sabilizsiRdd inm Abrptsieatpnbag. 3)

The clarified virgh harvestis qatad WiPER YimkabBADZANASG KA i3 Giekddis Thgfarvest is

rocked at 30 rocks/min (rpm) and at a 3 angle. 204) The clarified, Benzonase-treated VH is filtered
through a 0.65-UsiNS At Sened HiansPeRbikes pieksarfoddvBh) 1 11 gsmndfaciheiadte of
Benzonase-treafggygHJem2 of the EFA for the filter. a. The 0.65-pm filtrate is then stabilized with
stabilization buffer comprising 36mM TrisCl, 214 mM Sucrose and 150mM NaC1 or KC1. 5) The
staBflized filtratel kesioreensveahightorid 18 dipdlignedlivitbdacabahbrasen mdteriel-fbp-fleeddrifittration

(concentration) gfeR, lJaG@d%&(f%@fﬁ%@@f%f%%&@%%@)?%@é&%‘%%%@@rG ke fartridge

from GE Healthcare with the lumen i.d. of 0.5 - 1 mm. The stabilized U.65-itm filtrate load on the

cartridge is 10 rﬁi@\ﬁﬁﬁﬁ%ﬁ%&?n%raﬁ@_al?@&lfh@fééﬂmﬁ&ntrated 5-fold using an operational
transmembrg eﬂ@gﬁiﬂ&@%&?ﬁLﬁifﬁéﬁﬁe@@%%@ﬁn@ﬂﬁ%ﬁ% ﬁ?ﬁSlpél%iffigﬁkcﬁﬂg ntrated

material is diafiltered with the diafiltratio -fold buffer exchange based on volume of the

concentrate). Thetbxchadgd ’éqffenﬂdmpzr.@él@ Tilisa(Bnsivi); Sudrbet (25ugoswhivieaCmdis0 mM); pH
7.2,8) The dm‘@%@t@ﬁ%&?ﬁéﬂd&?%ﬁ%‘?ﬁ% %Jﬁrﬁs}b%asédtl&%%@e%ﬁ' B‘ESWQ'E’&M'%P&%[ with a

load of 4- 5 mElc The filtrate is the final bulk (drug tance) and is 15aliquoted in bottles. All of
the RSV viral drirlgzsulistantshaliglory sge bthor ki fregafrohratmitsagiol-dry ice bath or using a
control rate freezer.  10452] While the foregoing invention has been described in some detail for
purposes of clarity and understanding, it will be clear to one skilled in the art from a reading of this

20disclosure ”Pé‘nié@]”%ﬁ@%ﬂ&?&ré@Jﬁ{@rﬁ%ﬂtﬂﬁ{?ﬂQ%&H%@é}%é{VﬂMBfﬁgS%ﬁiﬁg porpotlag true

scope of the invention. For example, all the techniques and apparatus described above may be used
in variou®celaibmaniéHadantandineationd] paems panentaledientinat drostrercadtgeE i cited in this

appligatiofsafs INCAROCTAIRA, PYHATELE e Rl BRY RALHENNBE AllaaY WRES&%B&%&%’%Wt as if each
individual publication, patent, patent application, or 250ther document were individually indicated to be

incorpordtéd 1sppefet dHcB TSR AU pBSEEMR cadHithsnicahaipIRM AR DPHRES et PR FYRal patent

a_tpplicati%%; BO/8da, hPafHEEk %&mﬁﬁa%héﬁﬁpgﬁ;lﬁ%{%;;p%%eﬁ{a%%ﬁ%ﬁgﬁéﬁ%n@%tﬁ@ﬁ17,008
filed May 09, 2007; 60/951,813 filed July 25, 2007; 61/099, 749 filed September 24, 2008; 61/104,933

filed Octsl9srmsntsitsddn MyapslqdensecBispreprtcdbpsefsnmerrirthaircntitate foy aloog, and
30UnitedpgtptRsnatant anplicatian.4 1482en 8 iliad.-Prrtanateh 1200 f LG REpHRAMBIE G LY

25  other document were individually indicated to be incorporated by reference for all purposes.
In addition, the following United States provisional patent applications: 60/845,121 filed
September 16, 2006; 60/871,721 filed December 22, 2006; 60/917,008 filed May 09, 2007;
60/951,813 filed July 25, 2007; 61/099,749 filed September 24, 2008; 61/104,933 filed
October 13, 2008; 61/122,456 filed December 15, 2008; 61/187721 filed June 17, 2009, and

30  United States patent application 11/855,769 filed September 14, 2007 are incorporated by

reference in their entirety.
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reference in their entirety. WE CLAIM: 1.A method for producing influenza viruses in cell culture,
comprising: (a) proliferating adherent MDCK cells on microcarriers in a MediV SFM 109 or MediV SFM
110 serum-free culture medium; (b) infecting the proliferated MDCK cells with an influenza virus
without exchanging the culture medium; and (c) incubating the infected proliferated MDCK cells under
conditiongythatp]iwit replication of the influenza virus. 2.The method of claim 1, wherein the
concentration on microcarriers is between 1 and 3g/L. 3.The method of claim 1, wherein the MDCK
cells are seeded onto the microcarriers at a density of between 10 to 40 cells/microcarrier. 4.The
method df-claim E{%@ﬂééhﬂﬁ)&%ﬁt&éRlﬂ&ﬂ%%ﬁ?ﬁf@}ﬁ?éh%%&ﬁ%ﬂf?l&ﬁd 5 days. 5.The method
of claim 1, whergiy ghaiMRGk ealisrere MU khectelblingiclopasitad insa ATEIS/AradspioniNo. PTA-7909
or PTA-7910. 6.The methad of claim 1, wherein the MDﬁ%g( cells are proliferated to a cell density of
between 5x105 to ’Miéélc%]f rﬂci SRR FRSEL B RSP wherein step (b) is carried out using a
viral input of beiypeif& xS prdiiiratedand . NI A il Ay MethatheldaiRahgiperein
step (b) is carried out using a viral input of between 0.00001 FFU/cell and 0.00005 FFU/cell. 9.The
method of claim 1, WRSHIRHESAHI Y virus comprises one or more genomic segments of influenza
strain ca Al Ann(&rixeuibiit g tisfibRiozal pircliteeatdd MDA kelld iaflct Qoddidanethadcbefialaim 1,
wherein the MDCK cells are incubated at a temperature of between about 33 degrees Celsius and
about 42 degrees C& 18@%%“&@@’?& PHEMhE Hthod of claim 1, wherein the MDCK cells are

incubated at 332 degrees Celsius during the replication of the influenza virus in step (¢). 12. The
method &l TR B MK S HESH i B S M AR B eRtebthour 00
and 200 rpm. 38/IThe method of claim 1, wherein the MDCK cells are incubated at an agitation rate of
between 150 rpm to 200 rpm. 14. The method of claim 1, wherein the MDCK cells are incubated at a
pH of betiveenlZisont® @l tof abaun 7. 8/hesei Hee MBI dd cfilslaimsg ¢ det evssin theenMDECKr s ethsaa re

incubateq at a&§§§gﬁtg%%9ge%q%gto748 &qg@gﬁcﬁie}6 The method of claim 1, wherein the MDCK
cells are incubated with a dissolve

: _ oxygen eve of betwee_n a_bout 35%_to about 1(_)0%_. 17. The
method of claiffy, L. Whesainr RIRIGasmisAieRE NI o e renlicatian.ef e deflvenza yirs in step

(c). 18. The method of claim 1, further comprising the step of harvesting the culture medium between
48 hours to 72dagtirs after infection. 19. The method of claim 1, wherein the adherent MDCK cells are
proliferated in the MediV SFM 109 serum-free culture medium. 20. The method of claim 1, wherein the

adherentMDCKeangthed pfslraratediisigia e Skgells arsdram hesLlltnselpresiishas
ATCC Accession No. PTA-7909 or PTA-7910.

6.  The method of claim 1, wherein the MDCK cells are proliferated to a cell density of
between 5x10° to 3x10° cells/mL.

7.  The method of claim 1, wherein step (b) is carried out using a viral input of between

0.01x10° FFU/mL to and 0.1x10° FFU/mL.

8.  The method of claim 1, wherein step (b) is carried out using a viral input of between

0.00001 FFU/cell and 0.00005 FFU/cell.

9.  The method of claim 1, wherein the influenza virus comprises one or more genomic
segments of influenza strain ca A/ Ann Arbor/6/60 or influenza strain ca B/Ann

Arbor/1/66.

10. The method of claim 1, wherein the MDCK cells are incubated at a temperature of

between about 33 degrees Celsius and about 42 degrees Celsius in step (a).

11. The method of claim 1, wherein the MDCK cells are incubated at 3342 degrees Celsius

during the replication of the influenza virus in step (c).
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12.

13.

14.

15.

16.

17.

18.

19.

20.

The method of claim 1, wherein the MDCK cells are incubated at an agitation rate of

between about 100 and 200 rpm.

The method of claim 1, wherein the MDCK cells are incubated at an agitation rate of

between 150 rpm to 200 rpm.

The method of claim 1, wherein the MDCK cells are incubated at a pH of between
about 6.0 to about 7.8.

The method of claim 1, wherein the MDCK cells are incubated at a pH of between
about 7.0 and about 7.8.

The method of claim 1, wherein the MDCK cells are incubated with a dissolved oxygen

(DO) level of between about 35% to about 100%.

The method of claim 1, wherein a protease is present during the replication of the

influenza virus in step (c).

The method of claim 1, further comprising the step of harvesting the culture medium

between 48 hours to 72 hours after infection.

The method of claim 1, wherein the adherent MDCK cells are proliferated in the
MediV SFM 109 serum-free culture medium.

The method of claim 1, wherein the adherent MDCK cells are proliferated in the
MediV SFM 110 serum-free culture medium.
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