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i nventions described herein were made with Governnent support under
Contract No. HHS0100200600010C awarded by Health and Human Services. 5
Accordi ngly, tMetbodsFon€nitivaing Galls, Bepagating amd Parifying Milusesivent i ons. 2.
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met hods for produm RPONSOHRED ﬁESEAzR HfANB'B]@VEB@ﬁM'E €ell culture. The
pr esent 10|nventlon‘ar§6_ﬁFUvrdE§_WEé%UU§_TUT_TﬁE_pUTT2%tat|on of
cel | - associjapeqd \@ﬁe&%o&ﬁ@mnadﬁsede@aﬁbedq{ek&n glefMiaddwah HoRe@EhOsuppeft t he
devel opment of vaccines. 3. BACKGROUND OF THE | NVENTI ON [0003] Vacci nation
is the W@ﬁC@WFNQnH%QNQ@Oﬁwmﬁ anveaddrly Heplthpnd Flmannysrdceease caused
by wir 0, Cd, pendent on being
abi & 1 oy 8 ol haf B G et SR I RuSREr O (. ot
Vi rus) from a stabl e and easy to cuI tivate source. The rapid devel opnent of
vacci nes and their abundadt SFBLDOFITHE INVEXTIONal in conbating many
human and ani nal di seases. Del ays in produci ng vaccines and shortfalls in
their quant[ﬂﬁQ/Z]ctheduc@et ipverisloarrslaien tadeied seli ﬂdtlm@nbdieak@dahethb@efase For

exanpl e ent studies est t or, .con ardin
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Lond. B. Biol. Sci., 356:1953. Accordingly, recent efforts to produce

vad®i ndBvansioa alse preadessncthedsvionthfoutifieaiinasficgH-agsesiatadegruses Eemladbercrtur e.

3.1 Inf Vi T 4 use of Madi n Darby Cani ne

Ki dney (%nggﬁﬁwnhﬁﬂﬁmkgggg%rlﬁfgg&ggﬁgﬁﬂg\méagwnber of groups. See, for

exanple U S. 6,455,298; U.S. 2005/0118140; U.S. 2005/0118698; U.S.

6, 825, 306; W2005/ 1137%8; BAGKERAAEVR OF THE INCENAITON/opr . Vi rusol . (2005)

50: 43-6. However, many of the existing MDCK cell lines suffer fromone or

mor e def ect[QW&icl‘mﬁcn@tlommh@ geni ivipoytantihidlie beplihrraersnte foopreaeritingl serum i n

cell cul. ture nza \iruses
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production o accine material fromthese ceII i nes often require numerous

mani pul Htieiessourrst Tk rgichdayrlonmertcofarngenst anggheinabundantpyeildilityds gticshount s
of vir e gence
oh B SRRl B 0, BEGAVRS, Shud I ST, Mo BEIEOST:
are gerigtliatieghaatigivabseasiotiass th afdrésbidgouthetdkabf dgedsof Fueaampdd, réjens .
Unfortunately, sone influenza vaccine str pgt@re rmre difficult to growto

hi gh yiSeHdes suggest {fabihgregs cale HORaNEHN Gpeas pRgtead dBres veiRdi®r i al not
onlyy d o] C acturing
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[ 0005] Receit Syc. lnmdeB. Bet.(n.f 3%l d8diAmrpaingzinanednt pifoitgenireduwwe vhcdingse s

t hat ca}] 9‘%1“0%% vacci ne Et.rai n% to very hIP 1tlters and processes for the
pr oduct*8h PLEropE R Yigyses for ypeissAb P BB eact or s have been devel oped
(see, l# ﬁ%%%%éQi 8977 and U. S.S. N 11/855,769 filed Septenber 14, 2007).
The ins |nvent|on expands this work and provides novel cell culture
modi um_hi ghhwqﬁ QeGP e BT drahienh TReR plif RIBESTORFCKPLakigs Piduct i on
of large g ant|t|e£ of vaccine materi al oreact rs from l's, in
par2si cyluasued bgn-nubdbet ofhgoipe e, ﬁ:)elekeﬁnlble,riézs 60 b B@&;tUShéOOﬁé@kiSﬂm Ur.ﬁdl um

of o nioneP Buy Ko Ao SRS R R B T Rl b o0 el by t e
present 20(5‘36%’0" 4DB. RvdveR Usiny 0 fHél dxiistid ¢ MIDCRBAIITRRS R 0ANE @b COSt

effectlve 2 Respiratory SynC|t|aI rus (RSV) 20[0006] Human respiratory
syncyt i @Ifectﬂ 1ndsd1(n@$\1momgenu¢1t-y  headquignoat fe aofmad eeranein| collsnlturespidrlawor y

tract |nf in infants and youn hi.| dren and | res |bIe for
consi denatt e MEpara s St R Rt PR EE PSR, ARy SR oSS RRIR e

i nfected annually in the seven mmj or narkets (USs, Japan, France, Gernmany,
Italy, Spain, UK), including three mllion adults and al nbst 400, 000
premature infants. Annually in the U S. alone, it is 25estimated that

70, 000- 125, 000 hospitalizations are attributed to RSV LRTI. Two
antigenically diverse RSV subgroups A and B are present in human

popul ations. RSV is also recognized as an inportant agent of infection in
|nnuno conpronlsed adults and |n the eIderIy Due to t he |nconplete
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WO 2010/ 036760PCT/ US2009/ 058157 |ive attenuated RSV for intranasal

adm ni stration. However, to date there have been no approved vacci nes or
for RSV. w0O2010(30B3] The viral genomc RNA is not infecPComs2as/o0maked RNA.
The RNA genone of RSV is ti ght | y encapsidated with the major nucl eocapsid
(N) protein and. ocCi W t_h t he phos orotelgtlré3 t he | arge
(L) pomyﬂﬁsef‘éaﬂg%wet REN e PR 5t Pearoo P o ahiet 8 Fépmt %%eéeﬂm. ch
i s recqgRi gath ufr@ﬁuﬁbﬂ@uﬁrﬁﬁhfﬁﬂldfnoﬁg 1nbﬁfdﬁfgtﬂ1¥dlﬁﬁfl e@c@ﬁéﬁ‘ﬁ@ s&bs @d the 1965 J
Virol. 1: 368-373). [0008] Despite decades of research, no comrercially
avai | adalgegafoen@mﬂ Vs B tinocel ROV, Iﬁa@xt;ilm he&slubseeﬁihdeméhmple@nffrgwce ler
prevention of s 10associ ated wi

P et g heRle s B SRl dnde ST PG iR R IR R £ iR ge

pr otseCtsedn QM thRSYcul M BCh gt ARHaing UafdrtuneRE, kémexARBARAIREing Y TPt OB
during subsequent infection by the wild-type virus in infants (Kapi ki an et

al ., 1969insAm mgre diffjcyéne grow eghlglesleldm Th@mql‘d ef cagh batch 96 ocll pgurg

Epi dem ) r i-ng live

t enustee P ARALR bRl oAl (L AR RS HP R BERL R, gensi <
15and m&@fmﬁwOwcttm it idgyyieal R fiet, pealopiedlaiter) &-degingblé.i ve mut ants
(Ghar pure et al ., 1969, J. Virol. 3: 414-21; Crowe et al 1994, Vaccine
12: 691-9). ﬂﬂﬁ/le\Peercentbuepw éﬁ@ﬁbﬁ%@ﬁ}%%@%@%ewm@ lipgsthk q98i r
celjl-a 9&/'@&8{% s%% PNgh Gl Y O;?r g{éégf %&fc %@foqieah'n{h‘%én i

ef ficaci ous prop Tacti'c treat ment |on as proved el usive
until rnbypos&0¢ Bﬁw]:toﬁl Imiviedeert deviehoped (ﬁebuiél&éO&ﬁ/@l%WR%dl&S@vam in a

st abl e i erein the virus. is closely.associated w st cell
ki ng e 1P e SergmBi P 300 Ho Top fuslin? PSS Pend S stk Brb A opGei ne
whi | e r%'v@lt&'llr&‘uﬁgreafnéﬂlﬁlhnh@hﬂfr}blgrogﬁcml@fe?ﬁ:ctléﬁf'sE%Mabl@‘ngc@&eﬁ RriRep 6 @NIioaX1 LY,
RSV is fragile (e.g., shear Sensitive). These factors, the virus being

pr edomiafaarge yudnsisics obvdccims swngériad edblamacﬂorse@oméADﬁ&/@llﬁald@arttcutﬁlr,fﬂqneuI t to
fy th 25 | | t t t whi |
P edo ¥ O RO Bt PR A REk ek R m SRk Ahp B RERESRY 1 ¢ing”

I I ve atgueifdatitorétdsu. fot theipfoduetion BESBigh d livl aR@ffatedMaycin®, YRECI nes
are conmercially available for RSV. Accordingly, there is a need for a
purifi | dastheds mpodedby trarescannpentiogade rbuguediyngReNnimelmenipglation and are

cell - %Qcéf?etcﬁg viruses for preparation and fornul ation of immunogenic
conposi Crons "30 WD 2010/ 036760PCT/ US2009/ 058157 4. SUMVARY OF THE

| NVENTI{ONR, 1ol P itidINGiras Ay 1 nvention provides serumfree cell
culture rregs%lﬁ%‘aony #)d” lrrep dU$CI ble efficient scal able processes for the

praduction [0‘)06]arﬂ&nﬂﬂ@@ﬁ1kaitd)@%yﬁ$yti\éﬁ6@d1§'(@mt1§fﬂeEl&adhr{g Hiugs ek Jower
including single use bioreactors and standard reusable bioreactors 5(e.g.
st ai nl é§$i3l@f%'éltfa§triﬂfeg1l%l’5@~3i@é Feinfantoprslaousg §§uldrf~‘eerl6h]s respopsibledepect,, the

Pr e et ohQHSAb: B A8 F BT A IR ORI SRSl il BRI | hat

support’s pr I's™ (e ellls) to

a high tbehdvedm@cbrtmaraﬂe (ESj]ﬁbﬁlﬁthﬁlcbh@eﬂﬁmgl Tealyy, @aliredjlﬂ)mrehmhmgeeest ep to
obtain hlgh viral titers, 12] parti cul ar, thedgresent I .nvention

provi deBillign 3uds apgpl Ht%“% Qltrseﬁefp ’@faqt%ffPWE& iRy the Js8salpge. df is

colvd- a t vV, / i n MDCK
Cod Rk 00 L9TR0 TUEISRIR, LR PAUIRSH ERRHERD), | 1 VOIS

| east ainugmu?al@ dlm‘rseaRSVesabgroalbmAltan(i BGyre presait ih bambn pdyouitions 8RSYiis @so | east

about 8.0, or at | east about f ar at. | east about . 1 ﬁgi wi t hout. a nmedi um
exchand&PEsd g b FMRQtanh P%’ﬁ‘ cciign HHANUI% YRRkt nd PR pr esent

i nvent i QibrRY PYik @Skl inTnRH&E réE?sTta{HéQ%o ROV b RbRRRBRE BPn&liralBffediidADr | geni ¢
cells on m'crocarriers including bead to bead transfer methods. |In another

as pect RS‘ﬁ@lae'nnfectfmdlt@@rtumedleelg@éllldhqndlandrllée ndgigom dfR$Ve i nvention
tai.ns _the cterlstlcs of _non-t.unori gen cells
£ oPEdnR PR Tl oS e Fos Rk BB A8 Sch RIS AR E R
s er um frhgebCalsbeistbd tvitheR SN ehifbiitiodf Thdeurddt biredtd fon dé@ewfﬁ@giRsv wstiakd 1 sh and
mai ntai n_non-tunorigenic MDCK cell |ines 0014] I'n anot her aspect,

t he pr esvwtPally il eoropddhs adminigiakion of pwﬁqﬁu\ma% Wrgjnlqr\ﬂee darlopassiodi at ed
viruses (e.g. influenza, RSV) from adherent cells grown in cell culture
(e.g., MDCK Vero cell culture) that give an overall recovery of viruses of
at | east 30% wherein the purified vi ruses conprise less than 0.1 ng HCD,
and less than 0.3 [ig HCP, and | ess than 250. 0050 ng non-specific nucl ease
per 7.00.5 | ogi oFFU of virus. 5. BRI EF DESCRI PTI ON OF THE FI GURES

[0015] Figure 1 is a plot of the viable cell density (VCD) and cell
viability (V9% in 4x 2L bioreactors fromday O to day 4 of cultivation. The
bi or eact ors were cul tur ed usi ng the Seed React or (SR) process condi t| ons
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WO 2010/ 036760PCT/ US2009/ 058157 experinent 1, 3 and 4 during B2B
trypsinization. Trypsinization perfornmed in bioreactors as per the bead to
bead tramsbeniopsetcocol . [0017] Figure 3 is a plot eCTiuseowioatise cel
density (VCD) and cell viability (V¥ in 12x 2L final production reactors

(FPR). .The biore rs of experjnment 3 (FPR3. X X) were 5infected on 5dps
(- 120hd5¥ RS g iR AR s Homrae %daawh&@p%a.ve BSt 19 nf ect i on
VCD ancﬁgﬁf‘dv’ed%&‘ﬁi&sbﬂor@@é@. for experinment 4 not avail able. [ 0018]

Fi gure shows phot ographs (taken at 100x magnification) taken on 4dps for
12x 2L fi ndPO0@HodUetviimh germant BMNA fsarot alfbctemp es nakedtRNA. The RNA genpme p9]

Fi gure ho hot ogr s (taken.at 100x magnification). taken gn .3dpi for
T0ox 1Y AR ERI GRS PR Sl o e Bl e S6&RA VB

Fi gyr e tfec fhapBooRiOlP) ahd 8= 14 UPpEYmMEAdBububR. PSSO pidicipfopihand A/ S) and ca
B/Florida (B/F) virus titers over time for the cells originally grown in
4x2L sdwdleppiidin cercalich herscegnizadras dhe minimwegupiof infeebYibh@rpwnepsl.2L fi nal
pr oduct; r.sq«kk for all experinents. Note: each data point
represé%@Z”gﬁggggéég%éﬂﬁ'three assay replicates. The virus 15titers bel ow
detection I[0008] (Bespitddéagtsdtrtlcatchono sordmérdiaiyl OkfAWlataft bndleffedtied) are not
recor ded, [ Figure 7 shows virus production profiles. over tine

. [0021] . p n.

for t heR3Y vascis hins batiedeycloped dortthe P yontivddf sryek BRahigly prowegslitys79 MX)
vergus ae=yoll r Q0% ' :

AUP AT HIL RS ARGR P BRSBTS oy e 34 SAL0R0 v
panel s,protestpecigaust RSVphfetsorf ard iodacddGdud kxddaknata synghtaas Birkgoubstaueante

shown i.n.8B, Jeft a ri ght panels, respectiyve 0Q22]  Fj e 8
ot esentBreETPE et ke Sbe B 1l ol SubdsBRdaTL TP HEGs <
depi ct eﬁ; C'Biﬂ;%;lﬁ! 19%9‘,11%_{. 'JZE&d&fﬂ%l."@?iﬂ%éﬁpif@@&E Rindt hhveZioBgked oRUf f ered salt

solution (DPBS) conprising a chelating agent (EDTA) and a protease
( Tr y pLEEm§lopingdive iatienuagSloonie et obrined byatcgnig har) n@shods hdemadal euttageoss |

det.achnment within - m .nut es rocess depi.cted in Panel B utilizes 2-3
g s R ol fatieke ap el bF B Vol RS IreCRR ey ey (3RS A ncubat | on
wi th a iose] ptvirg. Rgend 1 ERLA) ctal., ORI Watcifd N &9l 19t HReOr, plificafih bhat
effects cell detachnent within -60 m nutes in the absence of any protease.

[gozs] li:iegi@p@w@eldpvi@ssérﬂr@ theiraaed lragsocirted pr]@teﬁnﬂ, parchayenld lmehrggulia@éy used for
Di ot .. Fi. i i i ) . GE
Hoal ¢ nclidonith for b PlopRRadR bkl oE RSN IfbciPRIAS el B ey 2

AKTApr amess skid tubing rigs (Panel B, top), and the Direct Flow Filtration
2 (DIFF2) filter rig (Panel B, bottom., WD 2010/ 036760PCT/ US2009/ 058157
[0%@4] Fi gUP@0%o %mg@éwttge t“rﬂéle%%?h‘éﬁ%?%ﬁvtlﬁéqu lpiaaﬂta%bwalflﬂ%w%wn&eocess | a
in paralilel.w gl iEi i J .

R R St S L S il A

The detillasssafatebobtoprsoeiEsmainaipng v indsiinn ukx afiplfesivBy.aAddihg t&f1R025]

Fi gure 11 prese the flux trace curv TEF1 run #8. ) 0026] Figure
O o DO ReRE R Beel e i s asT dharinpise Dy s peige o) T O
char act@gdorhihStly HIPEA askd GHER ad B BIRS BMeSmidear GFia o ][ﬁarigl Helv@s from

chromat ogram of ‘run #9. [0028] Figure 14 presents the flux trace curve of
r uRS#8 hpreligXpRctde g dX/ am@pa@eagqg) vAiitpesultite reed mcadly acgiptablof t he vi abl e
cells per ni %{illed S%nbols/solip Ikneg%(§nd tﬂf.qer ent viabi.lity (open
synbol STHRLREL P PHBRISIEILTOHBEUIE BEAHBUHET Vv df Bil0RFHIS 8P R8s

seri al lwhysid VdccaRgd ar@pRgatieldy builabrR fBPREVC A @brddiy.anse i{ dhevaods and
squares), cells serially split and propogated using EDTA/ protease m X

(tri angluadicatioipioessp that pﬁu@pwé&pmyfyé%\g@mhﬁ@erme@pm@ vghsey fat andar d

pr ot ea (ecl . - Fi . presents plots of the titers
of ca 2ﬁ9¥§%gﬁgﬁﬁf§%%g%%%%gﬁ%é&%gégﬁﬁg#g@%ﬁé 506/ 04 (bottom obtained from
eagly passage of cells serially split and propogated in the absence of

prot ease (di anonds and squares), cells serially split and propogated using
EDTA/ protease m x (triangles), and cells independently split and propagated
usi ng standard protease nmethods (open squares). The plots show that titers
of at 20l east 8.0 log 10 FFU nL are obtained using cells split and
propogated by the no protease and the EDTA/ protease process. [ 0031]
Figure 17 presents plots of the viable cells per nL (filled synbols/solid
lines) and the percent viability (ope@ synbol s/ dashed lines) for three
production sinulation runs (Panel A and Panel B, top). Included in each
plot is the seed reactor(s), sinulation 25 production reactor run(s) using
ATF and control production run(s) not using ATF. Al so presented in Panel B
(bottom is a plot of the titers of ca B/ Mal aysi a/ 2506/ 04 obt ai ned duri ng
two production sinulation productions runs showing that the titers are
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peak (see arrow in panel B) while Test Resins C and D showed a single peak
w th peak 5shoul ders and het erogeneous features (see arrow in panel D).

[ 0034] Fiwyore12B36wnesents the el ution chromatograns of PestUusR@wioss1€ and D
colum runs with 2 M NaCl elution (panels A and B, respectively), show ng
that the elution peak S Eﬁﬁhﬂﬁﬁﬁgaﬁfﬁiﬁsigﬁﬁﬁﬁﬁﬁiﬁe'Ution' [ 0035]
Figure 21 presents the €tu g Resin C columm runs
for 10 ca {sconsin, ca Al Sol onon,l sl ands. and,ca. B/ Mal.aysi a,,.Panels A B,
and C rast8lR0 el e lind T Rnare e SR T Ot R HBuBNR bR EBRG

consi stigplodudibR2BliciEritGed1eb1@ Ardee&e e $hd e d@dtivhioPMareb §@umtitiogsvikciaé col um
runs. Panels A and B show the elution for ca AlWsconsin, and ca B/ Mal aysi a
r especthaterial in pipreartoss, imgdeding pnglsiusphiosersiarnand Hiendardsupblabipregeiores are

si mel ar, and. . ¢ [ , ; he el ution 15 peak chromat ograns of
Tesé Réggﬁqﬁﬁggﬁﬁﬁ%ggkgggﬁSﬁkgggﬁggﬂﬁmé' [ 0037] Figure 23 presents pictures
of cell cul[00rgs Thoasagyecy it gadeatingettion, pravideccal dsich¢eslr@d-ff@rceBO m nut es

with B)c(yg'S n%r,EDT , O 1 MM EngA, Db 2 v EETA, E) 5 nM EDTA, _and F) 10 nM
EDTA. [QU98metigatatsuppareguniiisrape ot MIACBrockelgs c‘tﬂnr‘%}fl@élgfi%fl}{ﬂegﬁ

pre-tr %Il@qo‘ﬁ"lﬁtgh gell%gl% B Amihok! aved.p Yortarrﬁ’@cgiﬁlfﬁ régicPMngQ stg;%_%l-gﬁzﬁn-rr yPLE
(Panel s A and , 0.025X TrypLE (Panels B and E) and 0. 05X TrypLE (Panels C
and F) .highetdditaphs were taken at 0 mnutes after TrypLE addition (Panels

A B, and d .again at 60 minutes after TrypL dditjon (Panels D, E,
ond i) 26, ThpRll AR B pGret sEroBubor Y BRDudhfon O BRIFS R g ov) des
hi ghl y in@mRavahfsge.8f tolalRAhtc8 Gl AP kEn R RERSRASITQhnd BLatRnAGKE] inon  Of

| arge quantities of virus (e.g., influenza virus or RSV) or viral antigen
for pr ogP@Kaedlisdo highdieros i, @, logimthibidrel apear i togor Fif lienlapbaitl¢ast gmat i n

bi or ea rs 0 d nt s . ells.edn rticul ar,

non- ¢ urtsriehE BN €0k abhorJob§ 7 of BT oo B RARA BT 06

i nvent iledst psca il 0OSviftaY s ncdRinh et ah & stéhpri@rtodhifeétioan of col d- 30adapt ed,
and/ or tenperature sensitive, and/or attenuated influenza or respiratory

sydéitial VPP1Hedn apethpi appceti the praspritinratiny Provadpsiimeroyag meghwids ierdhe hange.
WO 201 ; 0 g bt i nvention
provid §9@§%$%5§E%§§%8ﬁ$@%§§%§§H%5$§9%%%&%Sﬂﬂpgg? 6ﬁh%§b%@%§ﬁ§%¥ls (e.qg.
non- t umethgdsnilo ahbl sebdtsthe amdched ppani-fredieclr @pturcatdiom affthyinveistianncl udi ng,
but not limted to influenza, virus (e.%., col d- adapt ed aqf/orﬁke erature
sensitﬂ?@?mﬁﬁdh%?mhﬁpéﬁﬁﬁF@&hWﬁ?FU§H§Q QP?ﬂﬁ%%ﬁquf§ﬁ%ﬁKP?f€Pe YRt the
need f qpit@MhnBRAASIR ﬁﬁm{e@aﬁﬁctg, the endi@R4 3rubrr2AEE &udare MB&URT GSRO

i nvention al so provides nethods of preparing vaccine naterial (e.g.,

i nf20uenzecnion usysctl t@estdMDEK age hamtie ngn-tumongdnunptD e welt iBCK cel |'s), and

met hods of enting,influenza infection utilizing v i ne terials
oroduced 1 TONBK eafPer spctolP preseddnyention s Ml Toriyr (@R vEnd rev)
may be qeUldsidcBfledVindePlQL 88BuchBa, REROI i dd@ERichllandh@rin comt@tnetk. &N an
|nnun03§n|c conposi tion described herein. As used herein, "a ,

cel | - as¥b§ikaVer aallraydurey drag giyetap ogcrallregpviery aftvilwbesay ot ritrd@l e Iwhesnshsr nor e
of the titer of the virus is fqund oci at ed., wi Vi -infected adherent
co I 5 durEEH aBinehafimbl e Pah B b ACRRBNFISFEREND S P, RSl 31"
met2ods). @F50tdgendnipeditic dnclasse pear -0 8llag | FFusetus.f or the production of cold
adapt ed/ tenperature sensitive/attenuated (ca/ts/att) 15influenza strains
(e.g., those in FluM_st an 248/ 404/ 1030ASH) . . [0042]
Viruses that can be éro VOG- err8 and/or Vero cells

F DES PI10] JTHBEMHIG
i ncl ude but t limted to ne Y tran viryses,..i.n di ng but
ot 11 mi ¢ ed OB ke oas SiesoP eatain el dimsay v (Hiad P Sou § Einin onan
et apneynByidabidrs Asm W8y 0 tet a0 BEEuMI4tibneThe bBEabBi Gl tiict USRS the
retroviruses, positive strand RNA viruses, negative 20strand RNA viruses,

doubl e-Ssed Redetar (WA preacsseanditions detdiledyin Tnble hadps ilath fardbR & is e pusitable: us,
vesjcul ar S[b&ﬂfgt il e Yl shols pdtsgiaBhailch a7 10§0n)1<rfa§?‘1ﬁk}claﬁon LSrat " €OV! T US,
parvovirus,'  adenovrr us,” pol forny I'tV's Virus, asles virus, rabies virus,
and heripesmydiitdSamplidg WAk Bithve@n® ah O Blinutesor Bgenisedd itactas (BReebrher ei n,
has the ordinary meaning attributed to this 25 termby one skilled in the
art. Tunorigenicity is, in one enbodi nent, determ ned by the adult nude
nouse nodel (e.g., Stiles et al., 1976, Cancer Res, 36:1353, and Exanple 5
bel ow). Tunorigenicity may al so be tedt ed by ot her assays, for exanple, by
injection into a chick enbryo and/or topical application to the
chorioallantois (Leighton et al., 1970, Cancer, 26:1024). 30[0044] The term
"reconbi nant” indicates that the material (e.g., a nucleic acid or protein)
has been artificially or synthetically (non-naturally) altered by human
intervention. The alteration can be perforned on the material within, or

o - - o, .. ~




WO 2010/ 036760PCT/ US2009/ 058157 virus is reconbi nant when it is produced by
t he expression of a reconbinant nucleic acid. A reconbinant virus my
further iwoanpmaBetee one or nore nutations introduced i nPOTIUSROIGASKITE. A
reconmbi nant virus nmay al so be a reassortant virus when it conprises

conponents derived from no t han. one. ent.al viral str 5[ 0045] The
ter m " SRRt a}ng aﬂd\ﬂ/rigﬁmg b&&ﬁm&l%a&og%Pﬂglzaﬁl%P%ﬁ%r@& ﬂrhfaw RE™SA% us

i ncl udeg gRNRLY G B/ RhsRPhYRRBL.I de conponents derived fromnore than one
parental viral strain or source. For exanple, a 7:1 reassortant includes 7

viral genoril8lHediiemes i§ aplagehthesegrentibjendity (VER) indealbyvikbitist (Myar ent al
i , | i ral i , ) di
henmgal Bk PG Rn R R IEPRY, Ui BoB SRR apalian PRl 58RO

r eagsorihRbied oA SldPsies 26h £k AR Hos S 6OGME SkpefiMSihts GIFBFTBRNbY 48/ Postiiffe@idnal genes
froma first parental virus, and two conplenentary segnents, e.g.

henmagg! € Prind cakhiahdily dete forrxperimentghnet adailabis: ent * par ental  vi r us.

0046] The ty, refers
o a val ue WHET 8BR4Y oS pHaBE B! GUly M IOSS T Sl AEHIT B iTOh s e
by the]Qa@ﬁ”hﬁ@@nﬁMam@iﬁmd&ﬁﬁbﬁdlethn&h@ut 5 jig/kg means a range of from

4.5 jig/lkg to 5.5 [tg /ggr As anot her exanp "about 1 hour" neans. a range
of from 54 [B9Ht &gg% Sedovs ﬁh@tesraphs (takep@bwjx magniiestiog) takehprAaridPe
sengiti re well known in the art. For
exgﬁp é%ﬁz ﬁnﬁgﬁ&hﬁﬁgﬁ%%?gg enéﬁ?%@&%% t?s ') indicates that the virus
wmmtsaWmmG@mﬁ@m%@wwwmmmmemmmmhmm%mm&wwmum

e.g., to a .20l ower. te a . .e.q., 33C for influenza A
St T e R BT S RO Vit PRk b oagRaRiiroRpan LRI FedtTaR | n
Ui ter  afgand] GNGFd BIBEEEbYTRuciyth 1257 Crinel AbNSioh i drOPEIR BRET at ur e,

e.g., 33C for influenza B 'strains. For exanple, the term"col'd adapted"
( ca’ ') dxpeiiimenteNathiatach ﬁ@ta\ppmmsepe%hntbnlnesa\@r&ge@rﬁﬁrregaasm tephiagtes. dhe anrhopwer

eratur e.g.., 25 ithin 1 d. of

t origer aths Getofy el udelpkBIa dr o o BRI o WG| Aot
25|nd|qe&ﬁ§a1hat the virus replicates in the upper airways of ferrets but
is not detectable in lung tissues, and does not cause influenza-I|ike
i 11 ness in [0 larfiigere 7 showaiviris predueitarmselblsaovaratme for theesraigistroduse@r medi at e
phenoty &\ fold at
Boc (1 PR i 6 B 3EENRELBL RN RD SIS bRl SRaldiHodksE T Gt
at 25C (t)%’:\MX)S Pids fortstrains 246/ Wadcdnsih@n/0istand gr: owUhugaiay 3&G;h()®ngn 8AWMdfthi n 200

fold, 500 f 1000 fold, 3010,000 fold less) nd/ exhlblt reduced
gr 3t h and rta%épw%?ggesp@tlaFWv@IOESJOQWbWS?%DﬁlH&a a%cg TR SOy s

(i. .,lgﬁgﬁaﬁ%ﬁﬁmﬁggqgﬁ§bﬁg%sand/or reduced |nfluenza Ilke illness in the

animal, are a usefu es enconpassed by the invention. Gowth
i ndi cat es V002] EA@H@@kﬁﬁ@ﬁﬁlﬁﬁ@ﬂﬁM@Sﬁaméwﬂﬁﬂﬁﬁdnqmﬁﬁqnbymas ilhdi cat ed by

titer | ague si z ticle densit sures known
Lo £ hogBodR GrefE i Pabh RIS Pihistebs Sectiiee LT tEn i § uaee
descri heppYscemprisia aleﬁeleﬁﬁ@ﬂﬁ @D TA) AWa @@t&geemy@g@dw) at4 hasl al low the

viruses to growto Titers ermt use of the viruses. In one
en3ddi reenesntiatien atlivelr GHIX et pﬁem rdlhdaterhmsat Withwsadinmettsvirameesst o grow to

i 1 s o< DR Zafe i hRR B PRI R o B ERBARGh FeHY) kPl e

herein 1ﬁc1waa@@g@tmpbhlemuﬁg bt (PRTAY6E fiblE CBREdnBhEor 6 1005 eV itiei chryctt he
Vi ruses. %§049 I n one enbodi nent, the cell-associated viruses descri bed
her ei n &Haleelypaigayidhin i-AO manias ndhe dlsenes ofRapPEReseat i ve manmal i an cel | s

that the c din
el utior bap0ZFS SAENR T ERIESERL R, DR EhaGRN 10% BEABAIRES | T
cellos, MOEKile@tibs (DINRG-fBtee ekl(BancHal @pg.aht & EaehIthbdre Mfﬁﬂlﬁ:}eéﬁlﬁ tublin}; @gss DECI f ic
enbodi nent, the ceII-asso(ﬁ&Eed viruses descri bed her mcludWPTglﬁ
ot her

r espi r P8RS} A beyem) tha B lBeue AT pPepaghad debnsrige P&nele‘?v Itep), p

speci fi5; &Rl Pﬁt%nonti‘ﬁ)%ﬁlté}sf?go@'aﬁél@ pSlbMges, including influenza
virus, are propagated 6.2.1 Cells [ 0050] MDCK
cells are known to support the isolation and replication of nunerous
viruses including but not limted to various viruses including but not
limted to 20 orthomyxoviruses, paranf&oviruses, r habdovi ruses and
flavoviruses. In particular, MDCK cells are widely used for the production
i nfluenza viruses. However, as noted above, some MDCK cell lines are
tunorigenic. |If tunorigenicity is of regulatory concern the present
invention provides methods to proliferate non-tunorigenic MXCK cells and
use the sane for the productlon of |nfluenza V|ruses Accordingly, |n one

I Y L Y M ~r—- * . e R AN~ 7



[0053] In a specific enbodi nent, the non-tunorigenic MDCK cells used in the
nmet hods of the invention are non-tunorigenic in the adult nude nobuse nodel
(see, Stiwezomosg®oal .). In another specific enbodi nent PCThES2009/058157
non-tunori genic MDCK cells used in the methods of the invention are

non-t unor i ' en injected into a chick enpryg. and/or topicall pplied
to the chorPpdl \é\%]%%?éa(pé%@s{lts th 5REBA OEtheavlrlgpn%)ﬁcaW BiOPRS 2ibpHaHe
embodi ngpyg thetil%ro%&]buﬁﬁédtféﬁ@r _emn%hélsA.U%%Qitioﬂal%ﬁ@diﬁ@étﬂﬁg%reodfeta{iféﬁ
invention are non-tunorigenic in the adult nude nouse nodel but not when

i nj ect ed thantcbeme presekedmrapol Bndhodetaidpofoakh praapypl dreproyBlet an Ekemples 3
chorioaII%ntois. In yet another enbodi nent, the non-tunorigenic MDCK cells
used iﬁmghe nmet hods of the invention are non-tunorigenic in the adult nude
nmouge nodel[oazr] VHgReilnipestad thdllek Rachiuble SMFRIGuARE/ or topical 'y applied
to the chorioallantois. In still another enbodi nent, the non-tunorigenic
MDCK cel | s (0824 ifigud 2mseshald sheoBPGHA0 japd BRG YW @F eolnawmtnussnicdny ¢ after at
| east 20 Rassages. or after at | east 30 passages, or after at |east 40
20passages, or after at |east 50 passages, or after at |east 60 passages,
or after at[00EHStFigdtc 133&GRIS theolS adludin cditidnechsémBOghpassaged9. or after at

| east 90 passages, or after at |east 100 passages. In still other

embodi ment 90028 n_Frigs 17 qesierts trsdic racsupserf Trm¥ AEFASKAITRIO8FSSt he

i ny@nti on ong; i i . S e | east
SOWEassagegp&gﬂ 2?%§?q§§9§%%§Eﬁ%%%gggiggﬁg?&gﬁggﬁﬁéﬁﬁgﬁ%?ggéF%@%&%gs ages,
or aft emdalbe parast vEbilpassagagmbols/dasitedrinat) a¥br dlmas#3Zboypwasbadesitioos faf t er

at | east 80 ssages,, or after. at | east 90 passages, or after at |east 100
R g B A N T O A 2
Medi V- SENhEOS it ard pdpdiate SR L EBINA /proteasd ﬁggéﬂian-%ll@ﬂrahg%gﬂlsclhﬁé’peﬁﬁé’ntge
quantified’n nunmerous ways known to one of skill in the art. One rret hod
comonisplitarid prepagated usmgdeandandi preteassenctii@Bairdas)ue which is defined as

30t.he nunb |ls.required,to jnduce tunors.in 509 he ani mal s
Codeq"(sodbogl Fiud 1P HRAR DIt RELES: SEAPA vl P 19R. B0t er ¢
Hendry B/Ma£distafrsH6/08qbbttsth PoRsined-B66IQACHh pikdigufickld sariangspianad 1985. p.

223). In one enbodi ment, the non-tunorigenic MDCK cells used in the nmethods
of t he nreragataddn theabsenge POBDIGAsE (Hamendsendsawrranotells sgiadlytspligngdut 101, or

WO 201 P . t . , Oor between
about %%ggg%ghﬁéﬁgqﬁggggéﬁgg%g%égﬁ%ﬁgﬁgh%%g#%%%%%m%%g%ﬁggé¥%%§rigenic VDCK
cel | s yseghgaredtubidgrehbiadprotadchecthsdsgopinmuiaye The TGO sval tat tferg@ifae t han
about 1010, or of nore than about 109, or_ of nore thanﬁg?out 108, or, of
mord ¢ Heivt 819d0e ! iR/ my arsrobashed usingrrelipsrlit and gronggated bidhena Maivasigt 105,
or of npLe orabolt,.dQ4, or of nore than about 103, or of nore than
about 102, or of nore than about 101. In a specific enbodi nent, the
non-tunori déé3ld NDgied&lprsscots @tbts of thh eiatkt dedld perahLi(fiBed synebutls/ordidience) a TD50

val ue of (107 or nore.. 0055] It is. further contenplated that the

on- ¢ utF T GaRiTEaR e anen SRRRoRHetsd THEUHBRTER IRGTR SIS BHPTE al so
non- onGegeNiaCand¥BiBPEStop PrInCRHES R ALRPlot fs ELdR rddforl), @RGRABRI ¢ general |y
involve the inoculation of cell |ysates and/or DNA into newborn rodent

sp@8i eraditition s¢agter irers)ofsingndy TE and eorftend praduotioronsafs) nphusiqesAEF. PAdso exanpl e,
Now nski_and Hays 978, J..Virol ... .27 13-8; er | . 2002, . Nat

col | " mip<thty TR Ydne B CPgod 5 Bty disoiliin SR R Bty B Gy

Titl e 4Qo py&ducti8n sighadiodrprdductiesd fudl sHBBind Bt tHeRiterk @ coh@shrablEfi reasanpl e,
cell lysates and/or DNA fromat |east 107 cell equivalents are injected 15
i nto newpernct vdenAdFaadgvithonbAdFer, nude mice, rats) typically less then 4
days ol d i ar i . i : .
Cncogenic?ﬂyﬁggséﬁé&gﬁgI?%%%%%é&gg%@?§gfﬁggs%%M§8§%§%2§8%%9§§%%HEH%8npanies
(e.39., Brppelccanbhewigatatfhot acdics off Gd03riand THO IFORM] sHovsahe enbodi nent ,
cell lysates and/or DNA from at | east 105, or at |east 106, or at |east 107
non- t urfBICTYgeIcE Waskorerpyief gsigg el i duringamicEqaags steriligafion; thediht pancashayet

i nduce : : i t ol i h, or in
R G A
species. In another enbodinent, 0.01 ng, or 0.02 ng, or 0.03 ng, or 0.04
mg, or 0.05 ng, or 0.06 ng, or O.07 or 0.08 ng, or 0.09 ng, or 0.10 nyg,
or nore, DNA fromthe non-tunnrigenic%NDCK cells used in the nmethods of the
i nvention do not induce tunor formation in 2 nonths, or in 3 nonths, or in
4 nonth, or in 5 25 nonths, or in 6 nonths, or |longer, when injected into a
newborn rodent species. [0056] It is contenplated that the MDCK cells
(e.g., non-tunorigenic MDCK cells) used in the nethods of the invention
support the replication of viruses including but not limted to

o o . o ~ a2 .



259.8, at least 10.0. In certain specific enbodi ments, the MDCK cells used
in the nethods of the invention are non-tunorigenic. [ 0060] The

wi | d-typewonblusemwa viruses used in preparation of the wataiSn@onssiai ns for
annual vacci nation agai nst epidem c influenza are recomended annual |y by

t he Vaccine d Rel ated Bi ol ogi cal. Products Advisory Comyitftee to the
Cent er s fprlﬁﬁﬁ gPUs IEPEFGRP iﬂg%e(igteplhﬁﬁ?%@g%wf?l%ﬁ%m 1D GGl gBES Heal th
Or gani gy P NMEOL1uABS (JaR6ls BUDO RBELIVBIR) CHIRGS c ¥ At OGaRSYTSEVEA) , and

are provided to manufacturers by the FDA or the Cenfers for Disease Control
and Pr Resntsifoand BREpcardhiosbowtsepdrasd maytinlhehution pdakfsdravinge sprabidueariyon of

reassortant vaccine strajns.whic ener.al onbi ne. t he and/ or HA genes
of ¢ he Rt ket A5 38 o8 S SR PR RITES; BebebO e a Sink e s e

r engi nigAGuldeRAng BEIRRIELEcIS Fé¥@Es {sEOMraw dOpaiel W) us (often referred to as a
master donor virus or MDV) which will have certain desirable

charact eri d0034. HigirceQangsicets therelvin erempieginays B ceidkesimdapd Ebcolema/ or
The, eraot i BN NG EpuPRshen R RTHETS PP dho Ui fy A0t BMAT

and/ or sherppesdisinga 3RNSaClishgionand/ or attenuated versions of different

i nfluenza strains (e. % , Wwld type strains recommended by one or nore

heal t h or gdRP3t iFdayre 2&wessents the dutign duomairarass afdiepldf el cobwpsiung
andgpor ati & I Al ' tii.nj . nant
ang}) or C?le as sgﬁngﬁlt’ k? rﬁﬁgﬁ%ﬂ\ﬁﬂr&; gg% 9? ﬁél?ﬁlggﬁg%a?élst ’egf} ﬁ%\h %é&ﬁ%‘qgg%
segnentshowingnthithbe ptakgirofile$ aiersirerl@sindandsitth@. r enai ni ng gene segnents from a
10 suitabl d-adapted, and/or te rature sensitjve, and/or aftenuated
i uenza S0PSHIn TOAREORTERD A8 T TRBTEPHI GRS BYSHART e Ceob et B ur e
sensi tigw tRS EIBNSRTRE: PINGRASIN) arRMGIB ABalaf s reSYRIPLS, fol 85t RRM-Rdapt ed,
tenperature sensitive, attenuated influenza viruses tound in FluMst(r) (ca
A/ Ann  Aobuoni §lo80nathdt tha peAlAprefitgsises $imilesind gnsistatl PeackChaws deshsionant

and/.or reassortant vir at. | Ses and, NA gene segnents froma wld
tygg irﬁeﬁggﬁrfglaﬁ%rwsrﬁess%§8§lﬂbg%$$§§ LI 1%y gene segnents froma virus
that is col[gesmantigsc 20 @reents PRERGEAbLES GBS tone AR DAr&ftcddd IS Hmatces

i nfluenza. Reassortant and/or reconbinant virus are also referred to by the

wild typretesifpadhmauresgrigh BoA-SgpdEEREA., by 1o P TApPe2 stMEIRTA RN MM er s
"Ca", " A ST xanpl e a reconbi nant and/ or reassortant virus

t hat co]?;r%iésaensd @ZloaﬂyﬁRTg‘ene segnents from A/ New Cal edoni a/ 20/ 99 and t he
remai ni ng g0038intEglie Qhpacsents ictit@adbgd ladhltutes et adlupre-tkardivtitivEmM

attenuat ed influenza virus (e, q.,. A Ann Arbor/ 6/ 60) y. be desi gnat ed
Si Ay BICRA ARNEweELY seca) Eh 9 125X Trnt bt h ed Pha R evdoatfent s, ¢ he

MDCK ¢ ald i i S i t he
Vet Hon e ) g B e P e o
sensi t iafler Teypd/BoaddatdngRaatled, Bearsi Gnandeaggin, at 66 asigotes afier) TrgpLBnddicast one

i nfl uenza 25str.ai e.g., an influenza A strain, an influenza B strain)
recom&ﬁﬁ‘é‘ﬁs@nﬁfﬁ{a%r ovi ded annually by one or nore health organization

i ncluding, but not limted to, the CBER, the WHO, the EMEA, the FDA and the
CDC, to a logio TCI D50/ m. @ndherAALEWDESERIPTHON at | east about 7.6, at

| east about 7.8, at |east about 8.0, at Teast about 8.2,. at |east about

8. 45 at | egd9803gborie MBeent @avedtagirovesligly 8cprafiuditdastficidmoutaldbl®, at | east
about 9.2, at Ie%st about 9,4, at 30| east. about 9,6, at |east about 9.8, at
| east dBeRRsseedothe prpdypiinme latgs dupniities ofbisws (et inflignga yisexoRP Y sop wre) |
non- t unpi;i i W | 4 | L vent upport

t he reE)gIPi ;ﬁg%ﬁ&%%r f ang’Idge?gggéa{f)c?gﬁ@ﬂg%tgﬁgﬁa{tg%g?}éﬁpfpggggéér}éiq{ﬁ?lj\c}&eu?orgnd/ or

at t enudted adlensitenll{ @.g MDECKasarih patticulaf, nah-tmasgeronecll Indds we Vzeo sdlisai n
(e.g., .an influenza A strain, an .WD 2010/ 036760PCT/ US2009/ 058157 i nfl uenza
B str aiIHWF@BL?HE%B@&%HH’FBP%PWF’&%&O ARHOE P%‘ %&g{?ri’éo C%HBP C‘%@al th

Or gani zAhped, dnd: UdhfGatuRWenfBbe, lah@ok S€bnluBted ilTRIHBES: reldifut ndift EMEA,

the FDA and the CDC, to a logio TCID50/mL and/or a logio FFU L of at |east
about Midisesato highgiter Thag do apt fequise a1/ ®ediam dxehanges. 2, . at | east 8.4, at

| east 8.6, at least 8.8, at least 9.0, at least 9.2, at |east 9.4, at
S5least 9.6, at least 9.8, at least 10.0. In certain specific enbodi nents,
the MDCK cells used in the nmethods of the invention are non-tunorigenic.
[0062] In certain other enbodinments, the MDCK cells (e.g., non-tunorigenic
MDCK cell's) used in the nmethods of the invention support the replication of
a col d-adapted, and/or tenperature sensitive, and/or attenuated version of
at | east one influenza A strain. It is 10 contenplated that the influenza A
strain may be of any subtype (e.g. , H N, H3N2, H7N7,

H5N1, HON2, HIN2, H2ZN2) . Presently at |least 16 different HA and 9 different NA




reduces the nunber of operations required during manufacturing, which in
turn decreases the chances of contam nation. In another aspect, the present
i nvent i orwprowwesoi nproved et hods for the propagati onPOT/USeEWIESIST i geni ¢
cells on mcrocarriers including bead to bead transfers nethods. In another
aspect, the_en hed serumfree cell .culture medi umof the 10 |nvent|on

mai nt ai ns [H@“II ﬁnﬁaﬂlﬂpw RPECSTIH AVEatHR PLViqes Coifurh giedi

cells. c@tltﬁ%aglogﬂf}\m@@ o] gl fﬂo%qu%ﬁg&m MDCKI 62 stippr! the l?@plﬁ@h%rﬁ&f‘ at ed
by one of skill in the ar hat the CGell culture nedium used to proliferate
cel | s ocars |1mqiﬂabng dmen@trhrmmdeoceﬂluenchanm(te@ i ®td-edaptade hnddortgmperatwiot | i mi t ed

or ovi ng R oA TRIAERE in B Ey AU S Ra e e e Pl e iy,

suppor tdxeskrighe replication of various viruses mhen cul tured, and supporting
the replication of influenza virus to high titer as descrlbed herein. To
reduce the [P04U dn additipanhnataser ibyenten aiie pravides nieasts of pecpgting wycess! asma,

vi ruses ri I ti ulture
appl  car B Pl HRlendl St BBl VIR R (20 R OB, BIOCK RS

shoul d rbﬁhmwfmra&dtln@fnfﬁ@nﬂwﬁ&c&dm ofi I € thcc g rmhhi@i a0 p@ducsdrin MIRCRY t he
nunber of manipul ations required during a cell culture process can

si gni f i€Hht APy ael&ﬁea@étefiwe"ué agrdedugpza é%Réw AEpibswurified By @iPERAcYS t he

rggent r s f or
PSSR B AR P RROUR! Rl L TR PRl W
pr oductheotin,Gh celassovatatatiarni’ atfersso agirbatnckhich hp}bl’OElMlh 60%. orl rnorp aff thiecul ar
the enrich serumf.ree cul tur dium 25 o he |n nti.on referred
Lo her it Sans Ba T i Pl heirn BR el adhiont GG ™ HErhRCEPy bRk
i nvent 't@éhn)qd%%o% 1o 88of éklllpﬁf @B aft Ut 'hf‘etHB%l% %@% 15%%0{4 ‘Bre!}%héiﬂérly ze medi um

exchange, or suppl enentation. Accordingly, the devel opnent and use of the
ser um fusefl fedhaprodictioneficalderdeptodytampardorescontvaittanhatedbisyisairal | engi ng

R T s

exc hange/ SUPPIR MEVi@kh @it cdrOR6Gbwhin AHEHERRARhEVIDCES 8l1Mntlfoe & cigeligm of
the invention support the proliferation of non-tunorigenic MDCK cells,

vvher ei ringlhde butlarsnotdinpiiad taoagativasirpreRNG wifusey ipalwling Butanot mifeA t@ he medi um

2010/ Oégéé%ﬁ%%%gﬁﬁ%@%%g% rk)%&%azﬁ gl Jélrd &uﬁ%ﬁ%&t%@l Iélgtﬁﬂgs aft eer1 Mt | east

20 passalgesirusds, mfchﬂ[ngalDNlAeaﬁises’i DetpasBagepositive saifahé RNA vireesinegftiv@assages,
or after at | east SO(P Igl[e or _after at |east 60 passages, or after at
-

| ed8t ATPRBRIHYBEUSCE raa@edI RSt ViBCh b HhRS bubpotami taPaPEYAIrISQ

Passagessichfy et)ﬁeimeelrd ConLinO0irRae0RRid ind. REVIHE hiesvifRAMbpFud he

i nventi on. [ | n anot her enbodinment, serumfreé nedi um o

i nvent i@hoswyplios virihienqasleb vires, aethlmmfs z&meqmelvhms(e g., non-tunorigenic

MDCK cells) to high density. In a specific enbodi nent, serumfree nedi um of

t he i nwehDebnitiomgport the proliferation of MDCK cells to a density of |east

5x105 cells/nl, at |east 6x105 cells/nm., at |east 7x105 cells/nL, at |east

8x105 cel | IPMB] ahumesigepicgyapsised hreinphas the ordinasy mepning alepyisd i thisar | east

1. 2x10 a I gldis/ nt,
2t Teast oG GRIM plhep®aTmbrddal SRl ShppEmcr e AelerhirRAEIIERAS

ceI | s/ mude atousensticlFx QG tibmslct sl. rﬂI976a(Eaﬂce1aRés 363210 6Gind élxbhmphely badowat | east

| x 10. anot her s |f|ce nt, serum free.nmedi um of .t he
invem.f}mreﬁ&amﬂ% Mﬂtﬁ@)ﬁ Fisbario TEYHBPCgehi PR gk [ 0068]
In stildmBpoOLites: 1B W%mn%@%%h%ﬁ%@ﬂdﬁ%ﬁ& m&gﬁoﬁ B€all myﬁmaﬁ&rsupport the
15 prollferatlono (e.g., non-tunorigenic MDCK cells) cells to hi gh
denS| t Y6ali@43ubsequent replication of influenza virus to high titer without

need f ym exchan st,e eci nbodl ger umfree
roafum of - dRePn e tss *ESRERRY Rich S FyraPERhls oL RRckE palBE T o
densi t ypraﬂedl_)rﬁubs@ﬂtae@ﬁcmgpd,ﬂ @amea&lgf(nbﬁlhhwmwalverédusy hem@h int&RédtonsSt r ai ns)
toalo CI D50/ L and/or a logio FFU nL of at |east 6.0, or at |east

6.2, 200w aderatieasen Be perfaymeg on|thgmptegialgyithin, eztremeaed frgmgits B#tued | east 7.0,
or at I or at

| east Se?lgﬁs%rfzelﬁtor trgge tSp§8%%alo>7 % en?éefgg{ngé[.gg%rgr’ At elgghergz.%% orthgt | east
8.8, or at least 9.0 , or at least 9.5 or at least 9.4, or at least 9.6,
or at least 9.8 or at |least 10.0 wthout the need for a nmedi um exchange
step. In other specific enbodi nents, serumfree nmediumof the invention
support the proliferation of non-tunorigenic MDCK cells to high 25density
and subsequent replication of influenza virus including, but not limted to
|anuenza V|ruses descrlbed supra. [0069] In one enbodlnent

o Y b1 o o o oy ~l 1



defined |lipid concentrate at a final concentration of between about 0.1X to
about 2X, or between about 0.2X to about 1.8X or between about 0.3X to
about 1. AXPO 20r0/d3eteneen about 0.4X to about 1.6X, or bet ReEFUSAMONE8187 5X t O
about 1.5X, or between about 0.6X to about 251.4X, or between about 0.7X to
about 1..3X,. or bﬁtmee about 0, 8X % about 1. 2X % BECIfIC Hb di ment,
ser um FBE 1EaPTRIngRt Wiea 1f hpspducss bE ifgripessign eﬁ%rﬁceat [pnfRGl e get

concen tréé’én%lﬁ%il ﬁﬁkz Wi 1ﬁéorﬁor£ﬂe RAL oPHlBF&%{aﬁBhsoﬂtrQIiuc%&ntb fhenot he r
speci fic enbodi ment, Serumfree nmediumof the invention conprise the

chemi cajehgmdet lrmmhmq@t dirgomey mltso at e r¢CRELaNt vivhuwhanit (aRaplisss §pmaoneats i nal
concent 0071 E%%t her enbodi nent, serumfree nedi um of

atlcgﬁ fIx.t3(]1; J i

the in Olglotﬂ?ﬁﬁl Eaél eRELEY &) TTrace el ements which may be used

i nclbude but[og43y NHe thiniite@boftnt, GRARHIZGh g BNDAAKHAQicalRehieiHcadnd, Ferric
citrate, Mi504120, Na25i 08 9H20, Mbl ybdi ¢ aci d- Anmoni um sal t, NHAVO03,

Ni 5046 Hgdudfg,ggmgth mﬁymob{pgptlde,a@p@mpmg denpgaddgom pore than one parental viral

2010/ 036760 2 5 ) r C13
Canhydrgad) o shae Eos e b Rt LRl 7 vl bt P ey SBF Lt ons
of traceg@beRedirscafient €tk pyreahl dirneand 4 oingla cotpheienafry ©ainghoméd sour ces
i ncluding, for exanple Cell G ow (see Catal og Nos. 99-182, 99-175 and

99- 176)Segqnﬁntc%fv’t’ 3999@}%&?@%5%@111 erétcutﬁmm@éseneeweapnd PRICRAL RS dh6:2

conpgr i

cogrgentQr rgzst@?%a{nlﬁgfd en a %ﬁlgﬁﬁ(rﬁtt)%%g oung’2§g%glrn% e% éﬁeerst‘fikratt‘)j{o%%i ks .2X to
about ]paeeﬁtadrvmue,tanéewo abmpterr&n&)@ sagnadnoyt.gl hédaggntitne tang @ouratminitlasd, 4X t o
about 62X, dgtj;f bet ween about 0.5X to about 1.5X, or between about 0.6X to
about 1T CIEURAESALABYYt 0. 7X to about 1.3X, or between about 0.8X and
about 1.2X [0046] aTRREG fAtoueMRONa®REcin, %ﬁfe@%ﬂléﬁﬁsé%gicﬂﬁhoﬁeférbt% d@a}{ﬁ‘ent' on
conpri se Trace 10 El ement Sol utions A, C (Tab 4) at a final
concentthatw omnwie thyn 10% abofr@0i7dlow mhcavaiuéhbfnn@rrbddiedéxytthe tsemufef exsenpiadi um

entJ n.conpri,se one or e h tor .and/ or ot her
| dPogitbal R B AR PN s e T s S Ry fa B
trl I odaixBmbRNaRut 1| RSWY lrﬂibaaglsjretﬁgero@ﬁeﬁtwaﬁﬁnes%@wtnlitnﬁte@tors i ncl ude but
are not limted to Epidermal Gowh Factor (EGF), Insulin Gowh Factor

(1GF), Tr ar{QP‘b"/r]mﬂ@ti@@%ﬁiam&:&eétﬂtl(’qdﬁ)d adrpIdS jap | eltenuaedira wellct or

FG: t " t
((:orrp% se pi gﬁe%{%g ow?lﬁB@ h{%‘?&%} é%ﬁ?yfg@{f%%%?g: ggg: glalfﬂcggf (ltac &%dl i ncl ude
cyt oki membﬁte ad 00 fédan gtaaey redurton pdtage adoglios yerspdraniteat ign g of@adatve &t CSF) ,
interferons, interleukins, TNFs), chenokines (e.g., Rante eot axi ns,
macopHayer FRPFLHateF v %Pé?@tnﬁeemﬁoétﬁmaﬁa Eh%gteavgtuaﬁatlﬁgs ¢ &0¢fold or
prost agl-and! Bgudion 30 Htcf Gt Pﬁt)g?%ﬂ Ct?rgp&%tu?m%d' RO ke la S tH@lB%leteﬁﬁogtm of the

i nvention conprise a grow 'nal concentration o et ween
about G.©OFRCCtfor MﬂMza@, Staing/Hor e&ampletmeeﬂfmalmold acﬁp@GOB cd'D b ecaits that025

/L, aor betwe ut 0.001.to about O. 01 ween 0 0..002 to
Thout Shebai SRt darhaRis 3t S B s e Hurh o 2 oniC Bigge oAl iR 2
speci figo mqlﬂ@{ttten@&wﬁ%efég 39@'W&Embf%etﬁe@é&%mdt@ﬂuaﬁm"dt@? EG- at a

final concentration of 25 0 In a one enbodi nent, serumfree
medibumindicathethianthe nirusrepbospy msf,ee tlppelr edoeynyeidairee bat isaof dotedtaldoiclang r at i on

of between abo 1x10 12 ut.. . 10x10- 12 a x10 12 M
PR S i e A R N S S R AT

bet ween/iaRe itk xtémediaM prenalyped, i.6X Huskd eMlbitﬁgaltérﬁ@@dcftlbﬁs RDGeh nre(mt
serumfree nedium of the invention congrl se triiodothyronine at a final

concentfphlat dA " offosrprampvimsey)pr 33 (orfer Btseiaivirepes). cx8ibifing grewthtfdidlm of the
i nventi C 1 ng/L
to aboLaibTagy (f OB WAk B85 PRERKI N 8T el 0 HRETORRMS, 2 00
3 B9/ L ItOQ)()@l:fouitlefs) npdlor ekinba refueed gﬂoevtlerﬂ)thdﬂufg@trelawwrgréwﬁen medupper of t he
invention conprise insulin at a fi concentratjon In certain
WO 201040367 8bHET &tszee@tle%m%epuét?gbmdﬂ%rﬁ? Ceéeﬁiﬂwaﬂé@ W@Eﬁsd?nﬂt?f t he

| nvent i o, ORIy s%%s@fupmgeeetcmggg ey %hiln@@ﬁtlcﬁlort%%%ﬁ Aldi QR s QfraPet ween
about 0.001’ng/L to about 0.0 3’ etween about 0.005 ng/L to about
0.045 ng/L, or between about 0.01 ng/L to about 0.04 ny/L, or between about
0.015 ng/L to about 0.035 ng/L, or between about 0.02 ng/L to about 0.03
ng/L. In a 5specific enbodi nent, serum free medi um of the invention
conprise a prostaglandin at a final concentration of 0.025 ng/L. In another
speci fic enbodi nent, serumfree nediumof the invention conprise
prostaglandin EIl at a final concentration of 0.025 ny/L. [0073] In
still another enbodi ment, serumfree nmediumof the invention are fortified
mnth one or nore nedluntconponent selected frontthe group con5|st|ng of
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ei ght am no acids are generally regarded as essential for humans:
phenyl al ani ne, valine, threonine, tryptophan, isoleucine, nethionine,

| euci ne, woaoiossTse. | n a specific enbodi ment, serumfr @eTrasdiognssas7 t he
invention are fortified with cystine and all the standard am no 10 acids

except ut am ne MF12 is often fornulated w t hout. gl utam ne, which is
added sﬂg’ﬁlétﬂté(taé |1%10a?%@>hﬂ%ﬂa%mélze BHE’QHiTrJOéQ%YoH%mBLF depeity YO RSt andar d

am no q&bQ§¢§ﬂﬁm@nggﬂ§1&@bQ hi gher, or nore, than is typically found in
DMVEM F12. I n certain specific enbodinment, serumfree nedium of the
|nventupm(mngpr|se glutamne at a concentration of between about 146 ng/ L
to about 1022 ngy/L, or between about 292 ny/L to about 876 ny/L, or between
15 about 4380#@/Enmumabmumuﬂaﬂmn@k$dm¢nbahmﬂhﬁmaﬁbepﬁ@hgﬂeﬁh&ﬂ&mﬁmﬁmn

serumfr ium of .the inventiqn conprise m ne at _a concentration of
584° ng/Cﬁﬁsthatglovréweljuwﬁtpa%ﬁ%éomsc trP&iﬁnBélg B e pitage #ePide, but are not

i m t edfyddiRSR OhPhh @&t ey allowdhe cHr ka‘&la‘fbd(ﬁhfseﬁz td hfenﬁ)om arable

D-cal ci unpant ot henat e, chol ecal ciferol (vit D3), chaline chl OH
cyanocdbhaiamidate(nuingd Birahg co&“ragpmaiumg detbjfpe(vamse@zl)i a spotific embpdiln(ent ttheB9) :
menaqu ne 20(v n|a i nam m no benzoic
o0 AL St SR eRiSh off e B IR Py e de SRS B ne (vi
B6), rahfeb@bn by it viuses! | bof lavin (vit B2), al phatocopherol (vit E) and
thiamne (vit Bl). In a specific enbodinent, serumfree nediumof the

i nvénti on dPMloriniont e@bwimwnailnﬁ eil-assoantedvisnsgrdessahedhereinare, chol i ne
chl ori t i
pyr|doggwgg¥%?§%gﬁ§%ﬁ%bﬂcel |§%¥h§h§§§hgln§%h 8@ g&éggggﬁn&ggﬁgﬁs of the

i ndi catveghsy de@dﬁﬂlmﬁ hRetdn aszlbti p15 igkdd ihinghede, b@tf aréfﬁbtehmitétﬁﬂ@ Verot ot aeOy
found in DVEM F &Lﬁ@ ucl eosi des wh fortlfled |nclude

but ar éeHethpr%WllédMBﬁK@@ﬂs, K cgHs, (MP@ SQedlsane%eeﬂsg*aéM& N2 ¢dbni di ne,
i nosin S um of
the. 1 mieP oL PRl e ARG e A e Ry Bl R
thdSconweqﬁthnmnszmépﬂmp@nahmhﬁnechd]hhyamdnnemﬁm@nﬁbdummﬁxh@bdlh|gher,
or nore, than, is t % 4 ggﬁfund i.n DVEM F12. & hﬁﬂgéﬂ ti onal conponents
t hat ns?ﬁsoﬁéat%fh‘élé%e P BV IFHS o 16 TIPS &'¢-not linited to,
sodi um r carbon source (e.g., glucose) and iron binding WO
2010/0§§%g s@¥?3§§63§/058157 agents. I n one enbodi nent, serun}free medi um
of the inv t@nN I i i i n of
bet weon abgut dog§PR bR FORR & RbcIE R oMo dn Ao ANEERGIAET “ana
about Gﬁﬁﬁmngﬂnﬂugdmna@ﬂuﬁu&ﬁ@@mﬁngﬁnmadmahdm@thﬁ&ﬂngﬁmiu)In a speC|f|c
diment, serumfree nmedi um of _the inventi sodi um 5
brg BYZPVIEUSEY DATANBGREBRP df VHPSGM%%H&? Seﬂi n@ﬁ@w@%ﬁd&%&
serum fcfeﬁﬁaﬂ%%'db'l%ﬁéd thend &Mgﬁﬁtioﬁnnﬂ:&%é 1 36@c8] HEQRGrass MtGPIHIR /KN ce. 1N

anot her enbodi nent, serumfree nedi um of the invention conprise glucose at
a fi nalMbéikceait lrua:ts|am1tu0fonlgemlmeéﬁ1umbagtnlmt§gvsIof trftguéd:o«mtcom&rgﬂw presenbbout 2

g/L to .about 10 out L to about .8 4 g/L to about
3 o/ 1 iBriinarofics asthoddS Binyi s ngh MRfEniE MEOTH Bl REie s e of

ser um fth@prodaetion o iRPientzh @irliddy. e%b&&@gnm biscCerbdiGAsH, Bl nfethd A the
concentration of 4.5 g/L. It is specifically contenplated t hat additi onal

gl ¥éosdnyrijiop atibigeeen-tumogigseic WP Keee lse it anatlor cahedingsperibhe method@f thes t o be
used fo t h i i.c MDCK cells to high density
and subse&ﬁ@ﬂ@ﬁﬁgéﬁﬁgg%cgﬁﬂb MHPP %@ﬂgh g%&ﬁ? to avoi d depletion of the

carbon sour[0@51]AQGE!-tinitg g¢niciMDCRI ¢l lines Wdoeh ﬂffeylbeutﬂazeeeﬁ tarthéthedserdi a of
the present invention conprises 15an additional 1-5 L .of glucose for a
final dhtbvseianelads baiareRotdimist tﬂe@ﬁsea‘ﬁbﬁ? hsvesbf‘gep@e%ﬂts%\m the g/ L.

[0079] Af,0R.Hi 'I:}%'e'tgﬂﬁ {J&l?ec%h Eﬂ)é% r&ﬁg) lthﬁ@\dirﬂi Nh ?asp(fgtﬁjlné 2§H%)h as
transferrin and chem ca conpounds such as tropo one see, . u.sS.
Pat3ént onsdopd&itedTFdnuaby 31B)0508d akigRd, ABOC DepdsiPRds. PUN-6560 ammmes WO

01/16294). In odi mfree 20 di um of. the invent.i

conpr | s(gg%lgrem%@ﬁ’ﬁ@ fﬁﬁ% SF 06 LespeariRBpehocaibaycd o SRS v on
(e.g., ferric ammoniumcitrate, ferric amonium sul fate) instead of
transferrin. For exanple, tropolone or a tropolone derivative wll be
present in an excess nolar concentration to the iron present in the nmedi um
at a nolar ratio of between about 5 té%1 and about 1 to 1. In certain
enbodi nents, serumfree nmedium of the invention conprise tropolone or a
tropol one 25 derivative in an excess nolar concentration to the iron
present in the mediumat a nolar ratio of about 5 to 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 speC|f|c enbodlnent serun}free nedlun1of the present |nvent|on conprlses
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Conmponent ng/L Conponent ng/L Salts Am no Acids Cal cium Chl ori de,
Anhydrous 116.6 L-Al ani ne 4.45 Magnesi um Chl oride 28.64 L-Arginine HCL
147. 5 Magwe=n1m3gshf at e, Anhydrous 48.84 L-Asparagi ne PRO/UR2&H9IBER1ABSI um
Chloride 311.8 L-Aspartic Acid 6.65 Sodium Chloride 6999.5 L-Cysteine HC

H20 17. a?l a?ﬁgﬁeﬁr}lf&% %e%%gi?NoyblplQ 1@365 énc{\@"PX%q{),a(tdgsignzdtGSd sulB_cl%}qgst i.- Cart HCl
1-B, respectively).
[0052] Other MDCK cells which may be utilized include, but are not limited to, those
which have been deposited with the American Type Culture Collection and assigned ATCC
5  Deposit Nos. PTA-6501 and PTA-6502 (designated MDCK-SF101 and MDCK-SF102,
respectively); those assigned ATCC Deposit No. CRL-12042 (designated MDCK.5F1); those
assigned ATCC Deposit Nos. ATCC CCL34; CRL-2286; and CRL-2285.
[0053] In a specific embodiment, the non-tumorigenic MDCK cells used in the
methods of the invention are non-tumorigenic in the adult nude mouse model (see, Stiles et
10 al.). In another specific embodiment, the non-tumorigenic MDCK cells used in the methods
of the invention are non-tumorigenic when injected into a chick embryo and/or topically
applied to the chorioallantois (see, Leighton et al., Id). In still another embodiment, the non-
tumorigenic MDCK cells used in the methods of the invention are non-tumorigenic in the
adult nude mouse model but not when injected into a chick embryo and/or topically applied
15  to the chorioallantois. In yet another embodiment, the non-tumorigenic MDCK cells used in
the methods of the invention are non-tumorigenic in the adult nude mouse model and when
injected into a chick embryo and/or topically applied to the chorioallantois. In still another
embodiment, the 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
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 10", or
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31. 29 Sodi um Phosphate, Dibasic, Anhydrous 71.02 L-Qutamc Acid 7.35
dycine 18.75 WD 2010/ 036760PCT/ US2009/ 058157 Trace Metal s L- H stidine
HCI H20 3wo48i10@3prébc Sul f at e, Pent ahydrate 0.0013 L- | s@Cemszeve/0581577
Ferric Nitrate, Nonahydrate 0.05 L- Leuci ne 59. 05 Ferrous Sul fate,

Eeﬁ/é?ﬂ?/%%\?%‘gl 32)?3‘[]2-][79 to ab 18§?or eltw%g'n about I15'7Ct0 a!EJ) talt % Ina pecn'}/dr ate 0.432
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
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L- Phenyl al ani ne 35.48 O her L-Proline 17.25 Putrescine, 2HC1 0.081

L- Serine 26.25 Sodi um Bi carbonate 2200 L-Threoni ne 53.45 Sodi um Pyruvate
55 L- Tr yWwwoaptwan3cB002 L- Tyrosi ne 2Na 55.79 Vitam ns PCILA$2000/068152. 85
d-Biotin (vit B7 and vit H) 0.0035

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

5  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

10  median tissue culture infectious dose (TCIDs() 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 log;,
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

15  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

20 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 lcast 8.6, at least 8.8, at lcast 9.0, at least 9.2, at lcast 9.4, at least 9.6, at least

25 9.8, atleast 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

30  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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D- Cal ci um Pant ot henate 2.24 Nucl eosides Choline Chloride 8.98
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Linoleic Acid 0.042 Pyridoxine HCL (vit B6) 2.031 a DL--Lipoic Acid 0.105
Ri bofl avin(vit B2) 0.219
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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 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 (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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Thiam ne HCl (vit Bl) 2.17 6.3.2 Bead to Bead Transfer [0083] In
one enbodi nent, non-tunorigenic MDCK cells are cultivated as adherent cells
on a surfwoeotom3vitsoch t hey attach. Adherent surfaces onPemiushomwiossae
culture cells can be grovvn on include but are not Iirrited to, surface

nodi fi ed_pol rene astl C rotein coat d surfaces fibronectin
and/ or 'BE¥9 éEﬁy SR 5&?@( fpr@yldag a1y 43 Qe |05 MEC ﬁ?f%lhety of
commrer Cdré‘édlﬁ’an%i{ %dl@&hg b‘ﬁ't ﬁ&t%ﬁ'féd 8! e (BIR, thOFAD RRX EVAIA e FoResdd BE

beads, such as Dornacel Pfeifer & Langen; Superbead, Flow Laboratories;
styr eneCDGthI aylngro-TtGIDﬁo/métdnylfoamlcp@o BEHGsL of aclhasaebwt 716t le&jﬁcﬁ-haf leastAnn

beads A hE R dr b A R ete s PR b A B0Sub B oSy TR g 648t Gt o )|

t hats prigask 9@, a 1bak 98, weafsawoan@aerfa@ﬂ SIRAITRI @Bodafédts, SROMDT R I ved e Of
cell culture. For exanple a single liter of mediumcan include nore than 20

mili orfh‘?ﬁl@ﬂ@é&faﬁhérm‘@@‘a@l@afﬁr@f)rtﬁmﬁgg@h‘eat er than 8000 square centineters

f wt h
et hods. ut VG st AER OB, ERn LRI R MR AT o OB OGS
15[ 008%11&)%@@&1 taohedios of thetiheentios se@@I the Feplisatithast aadoldadupigienid/ait i on of

bet ween about 1 to about 4 g/L. In another enbodiment, the mcrocarrier is
used attCHPEBHERINSENVEGRIER ma?dmfmeqf&ff@ffdezeﬂmress\iwlrbew@een about 2

t o jgbo |oreactor)
is lsee&5 B%qutl%fted ﬁlgt %ﬂleﬂﬁ%@?‘gl% cu? tur é/ﬁ’%w es%egll%lﬁlg cfgﬁ’gil%}? of about
0.5 t o BdauHox H)N, déiN,3./ Phteseﬂt]ty a leapeld differcantdadindendiffetdneNgemiditypgs densi ty

is between, aboyt 0.7 .to 0 8x105, cel or., bet ween about 0.8 to
about 1% bei 10gtHied g mf@fﬂ%hé@ﬁe b%espréongéy’t the BlysiAe A SYYRERYcel | s/, or

bet V"eerbo?rﬂ)?ﬂé@ afly gbrﬁlﬁn@tﬁﬁﬁ%f Ha 2%d 83 G@R4 @ﬁi‘rctﬂytlﬁ{o%tdr‘{@édﬁe@l ﬂ‘?th%eem ng
densi ty can be ‘cal cul ated on a per mcrocarrier basi s. Accordi ng Y, in
certai rfuelmﬁb@mi/cprefmssbft heeaeawlrttamr dnyexanlspgeligembidimentst tbe MDEKgwelslagtdunt h t he

cgbl S th% e1 Ven dnat a eegllng]édeny ty of about 10 to about 40
elillgs/ N Pfe Ib PR A5 218 Mbout 38 cel I s/ microcarrier,

cel | s/ m crqoes3]i ah ceﬂzﬁm@fheaeﬁubdli;fbntsommgtlé&ueQJ; ks hen-eu chicVIDC¥0Or  Of
about 16 to about 34 cells/mcrocarrier, or of about 18 to out 32

cel | s/ rics)owad i e megrodgfof ﬁmm’enzl@ntscpmmh@ repdiceten (ef/arﬁoéd“é@?@fq(i ard/o1 0085]
Duri ng ere g the
col 1 o e e SR80 AT Hibihl A RUPEER ISt Bo £ Bl MBI BT,
conf | uemusmaﬁmtcmhﬂﬁdend@l 1gt.0 subfy@sskbaswf fipaetheimhemaggutinieand et c) onto a
new support surface A nunber met hods can 15be utilized to effect such
cel?0  Meneamiptdagegprofeingntsther ﬂtﬁy&%&l@%%fg 1ed ychinfaes gPierspbly; 1 %ufm%ier%d

col | ageRase arenmld'@& 5%9? hg sg%m%@BﬁFJéﬁa? f al £ iflé BAKStoPih 1Tk e@%fwh &S the
cells are then, d| ire an ute Into a large or into
a lar gethem(atamnmbusmubﬁnmcs |Accomd1ngley; thic ngflurmda Bmtrhmrme;xb@dmix@d frobhi s
process i s. commo ferred to a,' I|tt he culture y be
Bt A dEE g of st e s e kg aer i igrbe R eraa et are. For
20 exanpigodantPld derfadd Rci®k chikBdintdit< e DdIatell Red In @E nfdhRdQbF tenal
(e.g., 10 nL) culture is added to 7 parts fresh cul ture nedi um (e.g., 70
mLY25t o igyeitin 8e mn-tumjorigemat i vel y, the nunber of cells in the original

culture is determned and the dilution is cal cul ated based on the desired
seedi nd-HEgHIGuItws MedinmandMethedst i nal culture. It is preferable to use a

non- ani nal prot ease for suc atl o ) such ,

T mr Uy e crpionars e rm-Th ool Bt BiEfy, s,
after theoafdibR ef’@é{@nt%atl%lg 9%c%§s%§ for @ﬁ@prﬁﬁﬁ&f&ﬁ/& TarPd &ﬁé?l@lﬁéi bVacbigads may
then be added to the culture. In sonme enbodi nents, the protease treated

cul t ur ematgrizlimhsfeactass) induding singlsruse bfotrcﬁcw& e@géardbeiseble biafeadtery (og-, af t er

t he ,addij t.i,on f fresh nedi and/ or ers 0086] In a.specific
0 b O ek i B Tt BRSPS hdsent IREqyLeBiddB Bk
cells) rﬁétﬁ&‘dsﬂgrﬁh‘éré‘iﬂﬁﬁﬁ@tﬂbfﬁﬁhhﬁza&ﬂu@@s((@@C%bl’dl-zﬁfaﬁtedrzﬁldt/d’r&ahﬁ&aﬁﬁté h a

prot ease (e.g. ypLE). The protease may be inactivated

addi t i cANBAive apqi/@t emafeﬁhfpﬁflglbfiteé G 26162 1oi Tid Dyéiah anelipp §|l@gm %ﬁUﬁn{@f ) as
needed, "Pe{&g't Jmﬁ?hﬁd% f%%ktaat%(uof gnar%f Pe%?trafbb&{ 7 ? f%%leg&%b&'ﬂ@é‘o bo? apfggd to the
cul ture. ot eas transferred
WO 2010/ 036760PCT/ US2009/ 058157 to a ﬂ%rger culture vessel before during
or after the addition of fresh nmedium and/or mcrocarriers. [0087] The
use of proteases in bead to bead transfer nmethods can result in poor cel
spreading and | ow cell counts. Accordingly, the present invention also
provi des net hods of 5effecting bead to bead transfer which mnimze or even
el imnate the anmount of protease



needed to facilitate bead to bead transfer including but not limted to the
nmet hod exenplified in the Exanples at Section 8.3, which is also utilized
in the Baopha®3s0Section 8. 1. In particular, the inveRCOMS2000088157

determ ned that the armunt of protease needed to release the cells from

mcrocarrle%g can be uce(gufy at least 20 fold b% re-treat rren ith a
chel at i4hgut At Leagtp B‘étr]tq NANCRSPesHdhg PrasaniEyentgn pf em;ffgrc fhan t hat
used f%rtﬁxﬂ?re%@ﬂ bﬁlﬁfré‘hieﬁﬁn?ihathﬁo 68¢ bdriferation dfAABBIK é&ls%@?n@ﬁm()d' ments,
bead to bead transfer is facil |tap y pre-treating the céells with a

chel at itngorgent Mﬂ(iiﬁrcetl&) to héllgdmlltdeont}odndmlmmttee@e nged @)ranTerdytan) I n

th nb di b t f .is f | itated iti f
2 chel ST eageRto pRAG Mt s LA HRibiisTer BF mevEhEi MedetToirtsed for
cel l5 preldrhei@bhte luah @s §Resakd 1rppreé6@9dhﬁeﬂa us@e@Pinhedath IMbRoOEr, it
non-t unori genic | s grow ng as adherent cells on mcrocarriers is
t r eat edediochthy It’slﬁélleé@f myret@eﬁtequere@ durigppajufgetuging, veiHel ingthrm drgreasesele dur i ng

life I I t
Erbodi reares™ of FontihdShf RsliBhodRet U5 b R o RIS B R

det achrmahodsffotﬁlep@@algsndﬂ efmonh@miatigerdc a¢lts @ mPocarixst indtudlingBdadto bér cel | s
have detached fresh medi um and/or m c¢rocarrier beads may then be added to
the cultfapsiers methedsrdnanphas %ﬁttstheteﬂeclmsewrrefremlhcwrwﬁwm ofithe ori gi nal

m gpoc ?ﬁ{ééngigg Iﬁasintgﬁlgp%; fon tﬁglohgerﬁc kﬁa{rgﬁérls(ffdg bFf&n- tﬁ?xﬁfglemle%gg& cduring or

after itron o sh nmedium and/ or mcrocarrie I'n" certain
enbodi NS, Eddi@cdN dramdfree Whtli@d W th a wash nedium (e.g., a 25buffered
salt solution) prior to being detached. Medi um useful for washing cells

i ncl ude, byvoesie Inatll b¢ sppredattdby bepesskBlid te a thalthd ¢edinGilture medium
Phosphat e- Buf f ered Sal i ne, Dul becco's Phosphate Buf fered Saline, Hank's

Bal ancetiedin proksisraie iy, capampeet onpar marcets! Shpracksiigsiipeuding duinal disyiedof

washi ng.t t (growth
! or geapr S SRS ER RGN N Y Bl B REAL N oy
Thd 5pr adbssnineyls, IDbergraappathechl ik tnqmplmlcbgmesppo%rgenhalrégh,camdmofmamom: arrier

beads are allowed to settle for 0to 40 n andthe
growt h Vﬁ%’é%‘i‘f?‘?“s“ﬁ“@Fﬁ?v%‘b‘fWBﬂ’iﬂfﬂﬁ %egﬁeq(tm%m a7 vmsttgé %Lﬁc} of medi um
froma &eértbeaqtttetﬁ oGaiudRen PR eﬂfdts%en%mdnzayrtgivemtﬁtut abaad (g, | ow shear

tangential flow device, see for exanple , 544,424 I n certain
enbodi meydoplasinet weens, Wm2@@@#)(‘1316mﬁﬁﬁtmzﬁamswmtsab@muem%ueo about 90%

of the medi r / or di um |sr noved hevvahstep
*h cor cp et B o 0o o R TR E & Ly i TR O i b
(i 20., RuhERmaefdtsialFRurthemtre Ghhihale ths nl@ser dfftddhiptltons adRiire@dubhgat er

than, the volune of nmediumthat was renpved. | n one enbodi ment, wash nedi um

is addeT@11§HEWetpﬁ%ﬁeSW?élSﬁ@%ﬁl‘FWlﬁgieQFG@&?r’fbe ehapgescadiconigrinaiios. Ascordingben about
25%to % K} culture. In a
speci f |t§g n%ené?&e%ﬁgn ‘é&%la%he%cgll Ui {sn gg R‘E%&gggktﬁsgﬁb%% I]oth%tbout 60% of

t he or igblitation ok MIOCK QclTe. anddlﬁn(beﬂgbme MID@Kecellhmrﬁtrmbdnmnoﬁ pecadcire

enbodi ment, a wash nediumis added to about 90%to about 100% of {he

ori gi nanatgialisig bepmhiswiuisimethedse dp pagtighler the enighedeserunires sRGeE MsHwn ¢ he
cellss “ i dji nents, the
e e 8 Ry B L AP L be

uti |l i zéthddnoh ofithehutenaive”)mady bd wset @dbatch cdtuny hretheds i detetutdiac etadanaci d

(EDTA) , hernetrlamn ent aacet at PA) , Et hyl enebi s

(oxyet WD@Y@%‘F SHPRIPMPR . r ASGoRqnely ﬁdieteéeﬁmﬁn tapf use %’%beﬁwe &bodi ment

the cheh&fihM@ragentedidnERIRomkdnE BF IR M@hgﬁ@ To%erah&?al WestleAERI 4

conprises the chelating 15agent at a concentrati on of between about 0.25 nM

t o abouwltoreBmsedvprodnctmrafaiapciog meteriehfoctliinBwminga virh®, thagequmsdicomoconpr i ses

th%ochel af. |n%’ aI?aent at rPr%ﬁn[centratl on of between about 0.4 mMto about 0.6
| n B° rre "% he wash medi um conpri ses the chel ating agent

concent r at I[oo6<qf Iahﬂe%m@o&n{&{t sé&ﬁﬁﬂrke hRdRAL R aflichBit su bbﬁﬂ&H of the wash

medi um co risi n% the chel ati n%qg ent i s between about 6 and about

8.4. | rprel spéien of sofyorfigeaiaM , whereethggelfs rﬁ@@mmnctem@rlegmﬁg t he

chel ati fic
erbodi 1o PRt B RERANRY f}e m%%?a%éﬁﬁnt o EPAbRi I i o

bet ween about 7. 9 and about 8.1. The &@dition of a wash medi um conpri sing a
chelating agent to a cell culture may alter the pH of the resulting cel
culture in wash nmedium Accordingly, in 25 certain enbodi nents, the pH of a
cell culture being washed with a wash nedi um conprising a chel ati ng agent
is adjusted to between about 7.6 and about 8.4, as needed, after addition
of the wash nediumto the cell culture. In a speC|f|c enbodlnent the pH of
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the cell culture is between about 0.1X to about 0.0125X, or between about
0.1X to about WO 2010/ 036760PCT/ US2009/ 058157 0. 0125 X, or between about
0.1X to avour10)36®B, or bet ween about 0.1X to about 0. O0PCKUSee090es18EEN
about 0.1X to about 0.075 X, or between about 0.075X to about 0.0125X, or
bet wee t 0.05X to about. 0. 0125X bet ween about, 0. 025X t o about

0. 0125%'%%%” 5%@@@%?9%%&&%@%?@% %ﬁ%gﬁpaw@@z T 3G 9@ PERALr Oabout
0.1X,  oficRROBAst 0 gg%agé%,r oPARPHE bt 88 B ass@fesabotter At 24K 60Pas@POUbr S QRX or
about 0. 05X, or about™ 0.04X or about 0.02X, where 1X represents the final
concentleast 7O passigger atadims et lnee 46 gassegatetadier aelehst Hipassagdraveaitrotat lgast
pre-treﬁ@ed with a chelgti%%ﬂﬁggnﬁtunder.identical di ssoci ation conditions.
Lt wi |1 2IPeE e URdSHEro5E 4 e hﬁé@/vegflg% represent the final working

congentr at i[QO6Af t B arfdittcibhBbdidfend sEQRCABE hliReh 51106 knvehtidH fippasend e. 9., a
protease supplied as a 10X stock) and that this working 10stock can be

f ur t herprefiiferation of HPEKcHs ton cear-ugtorigasic MDCKseells higrhighxdensity. In9094]
Repr odygi ) i .SC j 1y
o ooFHEEcRRgA, e HECRBIE dul FLORAILALFOTALLAR IR eI

pr e- pr akHase atdepdtyed lest 5x 100kl Lcantat 6isl Oficeliyiin grlaise sk’ ically/hit @r s or
as descri bed above to mnimze and/or elimnate the need for a protease.

Fbmeveﬂ?M¥§¥u1éﬁ%ﬁméﬁﬁﬂém%8ﬁﬁ%ﬁﬁﬂ%nﬂpﬁb%@%éégfﬁﬁ3§3415t@ﬁ%ﬂﬂﬁéoprpcedpres
cangbe C%H%[{% at Radt TREG B 153D RSt BEMI0P célﬁ/ﬁﬂ?&t@éﬁspﬁ%kW%eﬁgﬂfﬂ bputing to

failures in productions runs, 'non-robustness i n manufacturing précesses and
r educt ileass 2i0n1@fraetisiotli, wi keyst 280 07 ctilisyhly,, at {dast Jrl6% exits/hve htasGh5pi08vi des new

met hods .0 _qvercone these shoricom ngs b |imnatin ell cultu washi ng
Steps. il A BEAGoTS BERA T PRHAFSPoc NBeRbRCTSt St ssBin TG Busdkis 8 fead
transf ghyaMibs @uﬁ&@%?pﬁ{lif@rﬁﬁ&h &t ddALfddosicthe MIBER RHsfor washing procedures

include but are not |imted to the nmethod exenplified in the Exanpl es at
Section 8.490068 dastill eadther, crlvalimenteserondrdsapedidtos thei ineehtichatprethe eat ment

wi t.h a chel atin e.qd., EDTA) prj Q_protease .treat nent can

ol 11 ndveienuioResaATEK G dn B vl Miick P BRIt FEMEEMA T,

addi ti qibsdayert el cai®ndf inGuéhe vifie &P higk diad witholit dddbéd Ralmdmgha conponent s
(e.g., divalent cations and/or trace elements) there is no need to 25wash

t he celdxehjngsstepr bt aaresific eakadement, secrum-ff iumef e veniesdiprait §¢ bead to
bead tr L | R . [ . | at. t directly
o the TanerkichBE M &R REhiB db R B Bt BT B BB P i 11 o
a prot gage chs grainsy ity pldg), TCB/ail agl/@gelop s Fi/eh ofanldas 6.0, idr hzleastior, t he

met hods have been descri bed above. In one enhodi nent the chel ating agent is
capdbl €13t leaHdhior Aleat @it ar arleast 4% ot Igast §0, or@iastihd qupblepst 1 0g2

Speci TP roed aPihst 1116: GNENRRIONG, AIERE 8 bSoHPTA 4.0 GOFRGTO: IPRAS (he
chel ating agent I1s added to the ce culture at a final concentration of
bet weer.8.05 anivhst®.(b, aridt laast DR tomaelrastPottor Bt [BastrN G, or atbicast 94 arlet least 1106t ween
about 0.5 mM to abqut 3 or, between_about 0.5 nmM.tqQ. about 2 or

et vieer IS S B4 67 0P DSIOOED S5n5 1 QUGS STIPHS D 6T 8o or
bet weennah@Hlor hedintiMtioR sapH thd prdvife@fioP8F NREMNRRREAIc MPVKE Q13PHIghS M or
bet ween about 1.5 mMto about 5 mM or between about 2.0 mMto about 5 nV
or 2let wsasityadgiubgqocntiveplsatioof infuenva vonus elwdses babenitlinzted todnftusnahout 5
mVv] or between q%%ut 1 MMto about 2 MM I n a specific enbodi nent, the
chelatfﬂﬁwgb(ﬁ?n 's"Bfded to the cell culture at a final concentration of
about 2 nM[o@éd|erintone caddiinican seduni-fiee aReluat bMbe agentiod enmakla tadtt ure may
then be incubated for a period of time prior to the addition of protease.

I n somgyerpuiaeHens hydeolysefes inglpdelyug afesiot Heitsd te dydiodypates droahencrimefcagent

f bet at . i ' j bout
0 SRR ol RS, 120, AR BRI AL G000t
abaot 3@ produced by ketynesit hi/draisiind3Enoially tcontathauimixlAeptides, e batnseen about

60 mn to about 120 m n, or petween about 90 mn to about 120 mn, or
bet weerfcHis 30 SOV thifRrters: Ega@fﬁyc%elywﬁ ars.reaééﬁwbta@t?drﬁ%nﬁwwﬂlaeﬁ the addition

of pr Otc%?rﬁﬁercilaf‘so%?creF A ERRI J8 Ma{%@or‘lﬁédeloﬁ)‘rﬂ&%‘ rPEzdlén@zQidt@%ggﬂo after the

addition of the chelating dagent and prior to the addi'tion of a protease.
Means, Taheis. ahds also atritemplefeddbpttyasst bpdrohaetes byasodeswilizbé chstiad v camad nay
be optim zed by one of skill in the art w thout 15undue experinentation. In
a specific enbodi nent the cell culturé’is incubated with the chel ati ng
agent prior to the addition of protease with sufficient agitation to keep
the majority of the mcrocarriers fromsettling to the bottom of the
culture vessel. [ 0096] Prior to the addition of the protease the pH of
the chelated cell culture may adjusted, for exanple, to the optinmm pH for
the protease. In a specific enbodi ment the pH 20is adjusted to between
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20 system Culture systens which may be utilized to cultivate MDCK cel s

i nclude for exanple, batch culture systens and fed batch culture systens
wher e addwoizordl3emsatri ents (e.g., carbon source, an no RCITAS2000106915ar e
added as they are depl eted fromthe starting nediumto facilitate growh to

hi gh cell densiti rnat|ve i onal S|on ulture systens
(e.g., @8Ry lea“fl%rtétr&rw éfﬁﬁst hg@lpatlvsatgs alfedfrsﬁﬁfzf figed @%Wtarw%at. on,
filt ratdf%mn?e?élﬁ'l sfohtcfeﬁn%h%lﬂfg ?&éxﬁﬁ d Bfg}naﬂﬁYdrféﬁ U§B(totr€ (ﬁl%%/B'RLaérf%l medi um
exchange and/ or suppl enent ation of dep éted nutrients n a specif
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[ 0099] The present invention provides nethods for the cultivation of NMDCK

cel | s (fnag COHCﬁtstﬁattoarﬁf i@k dn REtRewreisy cabadigtent serm-frae mediupsof the

serjgm f. I i g specifically
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nai nt enance0670]t He apothpecrhbesmorft, sdremiMRCknedimf thaiobediongoberisga hipia-

tunorigeni c, being n onc , growi ng as adher.ent. cel | rowi ng as
non nangPeinede tigid® i g Y RSebiocar e SRutBr Rdriagiee Siiglomt ng the
repli cajdidy t@fch&ﬁ{c'aﬁyﬁeﬂﬁerd%?rﬁal a%ﬂ%la%‘t'@&%efd'lﬂﬂd SIS &b ol dnf | uenza
viruses (e.g., cold-adapted, and/or tenperature sensitive, and/or

att enuasWetlt):tltablytdeghed lipids., L@l(@ whigh mayibe PRGEDS0AHpihspbmeat Inglyides BFIRU/ L of

| b 9.0. h
oSt pa iRt cinssrhoft SRR hhseirate s R e Rt Cncner ent

surfac Qmo@cﬁ& |hn€%ﬁfd yristi€ ReE, Palihiic abdBtcSRNERA)! @ﬂlblé@terd’l’ﬁia@% Mésent at
cultivation, agi tation rates, dissolved oxygen content_ and [ 0100]

It is swaeqiatiany Betwemt®hpmefakandd0 meanlipiar 90K &t@ﬁkdtftltp&w@pﬁb@yﬂebé adapt ed
inan i (:

non- t urialy g R Rt Sh Db it HeUtdh Oty 586Gt B athopX,sock

i ncr eass lipid $uppleptend uCipidssudbly forahediteh ésrinallat{ons gre, re&’dlfybkﬂ:)taln&isfrdmaacrl bed,
for, exanple, in US Patent Application Publication No. 2005/0118698.

Al 28y nartum}f@rg) cqnaersil seHrecsaBeiuding ofRE cxp e Elyadeis: b B Rbanddiemar he

pr oduct 4 f MK | te 5@9@

growt h %1 Hcﬁeln\(%ﬁ;h %ﬁbﬁgﬁgﬁkiﬁlﬁlﬁondl tui%oednfst&i %%Iﬂg)l‘e‘\ a% gcﬁég{m%l mted

t o adhete@intd Bpidfcaseentratel dt a dmakidngenttatiopef attwreen al@? 020Crebent 224tdaron, net hod

emboai et R e i & SOR e oE  ksetdoPY &y PbseR abeivat ed a

a CO2 qpag etk it @X, of batvet@a%utt)%x t%rabeﬁt ﬁtxlaao%twé’e@abeﬁt ®6X3b abfast 3%
or of at least 4% or of at |least 5% or of at |east 6% or of at |east 7%

or 26f a1t4Xe(K§3tetV8%1 abputdf. 74 to hles il .390/pr betwgen alpoult @&é(t ampub]r 2%f lmp | east
20% 2 .one, enbodi 1 he ssol ved ox eptration
(02 vaPealie FebadfRRE SEBLErS et e bE T ar iy SR i S RE fnok and
is in tlﬂﬁd tangeritt )ODBY) s610tid DA% R sest chfatidieofaiN. Bakbhat spw])ﬁc or between
10% and 60% In a specific enbodi nent the dissolved oxy%O f(
concentyRadgnetporIydieganediun af thedpsantipngpmpyisethe chemicalzodsfing ligtd | east
30% or, S t 60 enbodi ment, the DO
concentra%l (Igrﬁ?el(sb&gﬁrrsg% Ogll(#élﬂggﬁ ataaoﬁ?alIcﬁn%nisrgtrciH %far enbodi msnt t he DO
i s 30l owed doomi]t dnﬁﬁ&ﬁl&ﬂﬁn’bd‘&ﬂnemsdﬁmﬁtm&mﬁlhﬁfthd 1ﬁVﬁit1.onMBhipﬁé§trf1@r

mai ntai ning DO | evel s include, for exanpl spar gi

Wit h ur e Oxy
2010/ 0FTBOWCT] BT may be usqdgngiage lﬂgaa@tqtgtmtﬁ# tef ‘%,%(1’4 Iélf(P)’tures
genera'msmaﬂtiﬁrs%regit NalFAAE Gl Mnmyﬂgoswtzbtog%ﬁof Uik adid certain

enbodi ment's, an 'anti-foam ng agent is added to a cell 5re to reduce

f oami ngémmmtumt o@dt;rN}gVéjgeNtSOn@éiQtlSnlCoj(anhyﬂrmhs)azthﬂesz@uAgNOa are are
readily obtained froma nunber of comercial sources including, for

exanpl e, Invitrogen, Dow Corning, 5Si é%ra and ot hers. Specific antifoam ng
agents include but are not limted to, Antifoam C Emul sion, and,

FoamAwayTM I n a specific enbodi nent, Antifoam C Enul sion is added to the
culture at between about 10 ppmto about 1000 ppm or at between about 25
ppmto about 750 ppm or between about 50 ppmto about 500 ppm or between
about 75 ppmto about 250 ‘ppm or bet ween about 50 ppmto about 150 ppm In

. e " . Y



the invention in a stirred-vessel bioreactor (e.g., plastic single use,

gl ass or stainless steel reusable bioreactors) and one or nore paraneters
sel ected Woamaﬂbe%group consi sting of tenperature, agit&CICArs200a08815pH,

di ssol ved oxygen ( , 02 and CO2 flow rate, are nonitored WO

Cemper dtiiF ') mﬁér?ir&@u&%@%gf cbrCatirsto. NoP fod MoEeCh: bt woen

about %@Gl?Sﬁwutoﬁ%ﬁtra%ﬁ s%k‘é@l%ﬂoﬁ’@@ﬂﬁacg%Qﬂeﬂts%@@%dﬁ@@otain@d #onpgcific

enbodi ment, the tenperature is nmaintained at about between about 36C to
about 3®@ﬂmrnf@nmﬂewbédmnemundnmagd@r@anmmﬂChaKhoweﬁmaimﬂagh@d A-18Bt ween

about 0 ec fic enbodi.ment bi oreactor is
CoT RO P dehalh SRElinbis SRR Mgt oD BVt Pab sOTPRS Lo
aboyt  1PQcd PRinchf SHEENREN BRVE (P81t 2) abhalldcémiitioh Bf BRLOLibowpeci fic
enbodi ment a reusable bioreactor is utilized and the rate of agitation is

mai nt ai hb¥ taebayeEXeenbatyedt abpgp0 2% talgbmt lz@éorlpmwe@r alipat QB&rtoabout]. 160 to
about t I t he
art. T%%QF&@%hgﬁ%héﬂhkﬁpg£%,?b 0r§%% or %#hfrze as mzH¥§a%1%H&§$§%§mand
nunber (D(SXrtcrrmjlﬂt €140 br bstedeimalyout 6 foeabbiitel . 3] draictwogenradbet 0.8Xhad atyutst ed t o
maxi m ze _cell growh and/or mnim ze cel] damage. [0107] In another

embodi nehX; Ipﬁép%qqﬁeﬁmbﬂ@mveeﬁer@m freqmediypeot; tae ihaenfion Goseprise Theseween about
6.4t 0 S f e, starting culture is
be?wee mg%gﬁggoéét%ntgé% %%1& X?TG a tt he %)%?ﬁtgf@fncogpgure i s maintained at
about 7.0 t[00F&joun ah&thei7erbbatimemtgsdrina- fcastl medlemmfdmemsentfbheompn‘se ahe goH may

be | ower or higher th t he S|red r e an allomed to
et agBo ofahie e e HEE piHGabiogeidral ftesulcsy Hejhgfiaciie pufare

mai nt a'rﬂ)@ﬁmlﬂeﬂ t@tr{?é‘d&thﬁ%lﬂé 1ﬁﬁﬁfﬂddnﬁ‘¥1’§ﬁrotcbﬁls&|fé GroWa ﬂﬂEt%ks‘lﬁQluéé bﬁ’tbd(?é‘hoﬂ 4.
The pH may be control l'ed by sparging”CO2 and/or by adding acid (e HCL)

or bas dinfiéedgto Epikeoma] GlamanE actatHSER) Iraslim Gsoteth, Fa2 @i OHE] Transforming anot her

R NS T e e e T S

mal nt als@ﬁﬂniﬁfee RRUWRE B b AtkicnBSVedp@RAE id&aH GaswiitFase i GBPWthen anot her
speci fic enbodi nent, the DO should not drop bel ow about 35% In certain

enbodi rhsplpgicakhelepyps, ingludooykakjnasde. g@éirfawwm@amphw agbonytstigwdalingo dr op

d t : d. The DO
Goun 5, PSSO BRI Yok TSEED RIS Lo RRB AT, e
flowr ah@:rd)lﬂlagauﬁlaﬂlma&dryqiroﬂeﬁsiMlhgm aﬁtbpl@"staglaﬁdlhé (6.4, plostaglandias A1 and

enbodrnents the CO2 flowrate is maintai ned at | ess then about 0.4 L/ m n.

I n 28t i 152)ofhene arbRstimaninpaumafrecapediameof iy myventioggopprise # graydh ficieiida (e. g. |
40 m/ fﬁr@ Qnt‘}%oﬁ%‘%b'et%ve%ﬁa%l}t%dqdo@ té@ Sk D03 rh%/ﬁ b1 QW Ead a%out“@@@difﬂ{ong' Yy,
the supply o gas can be cal cu ated rom 02 and CO2 gases used
naintaumouh@OIKh@ﬂdoprmk@dﬂ&ﬁﬁUh@l@@ﬂhﬁmD(Hﬁng{ucohﬂwegiﬂmmnﬂﬂezuiactate

ot her diu nen as we e in the nedi um and
ot her E@ heté{@e%@‘?‘luépu@z m%r)rﬁ;}g géo‘\?@@g £US2009/ 058157
readi | Yen%'a[rﬁéﬁt %aqniﬁ% InRieiH b tHe@nRintibh @oMpAsd BOPat 8 ﬁﬁarcco%z%aﬁeﬁ bs such
that the cell densrty and/ or virus production is optimzed. 6.3

Regyi r dt QﬁSymen dntarqalle ewibodinadt serwnefige neidivino ASthe dnveotion ppraprsq@ecr f ic

enbodi t ur ed bef r i nfecti 4 el .l B crated
oo dEoSEoie Mty s RrubE @ bEulEh R RS P B Sk P oy
exanpl exctWemhabeed 13 0y faeibeud dxunetM, Br MtwSEVasouP Bk BITE I @slabiut hxmr*R/IM,

L- gl utam ne and 1% CDL at approxrgptely 37C and total viable cell counts

and celqr byiveasi japeyt 4x40, r%ﬂsta pheut oxA0 a Mpde pepeciibqppbedimgnt, sqramHigeqr e

i nfect ed. i, lfq%f‘ﬁ%‘e' dﬁw ﬁﬁ“c'o f eéﬂl&ﬁﬁ &‘He%t £8h 1%&&}4?{1&98@4!1%*’* £ ol !
count is ac ieve or era e viable ce coun
appooxicnatealbpdinent, J&?Uni.-(ﬁ&e neldhﬁﬂ bf s mlevenubm vorepieSsellinat afibae may be
achi eved befor.e tpe cells are infected with a c II-as;gcrated Vi rus

descr i FEACHEREPH 0! REGWRACTHRPOREYMEY T toypRoul A B Trefdetwisn #heitagd bt @0cel |
count qf, /ﬁpp{@@frv@ar aJoyninzg/ﬂ%a%%kls%{gfrsataesgeare UhBodiERae schuph-fRPr oXi matel y

1 x 1014 ceélls/tissue culture vessel as measured using, €.g9., a Vi-cel

count ermedigmant theemechtivefcompriseinksslimate fimfl ectoedtratidnpfad melll. -lasswainat ed vi r us
descri bed herein. In another enbodi nment, an average 15vi able cell count of
approximately 1 x 106 cells/tissue cuﬂ?ure vessel, approximtely 5 x 106
cells/tissue culture vessel, approximately 1 x 107 cells/tissue culture
vessel, or approximately 5 x 107 cells/tissue culture vessel as neasured
using, e.g., a Vi-cell counter, is achieved before cells are infected with
a cell-associated virus described herein. In another enbodi nent, an average
vrable ceII count of approxrnately 1 X 108 ceIIs/trssue culture vessel

~~N . - A NS o o o S . A NN



WO 2010/ 036760PCT/ US2009/ 058157 [0112] Cell-associated virus-infected
cells may be incubated for a period of tine in nedia and under conditions
(e.qg., tewperwrassmy) CO2 conditions, and pH) that are appcoaszewes§16T t he

cell Iine chosen and result in optinmal yields of virus titer. For exanple,
Vero cells infected th a RSV, such as rA2cp248/ 404/ 1030ASH, y be
! neubatEPodHmEsy WE‘@;‘&%‘FG BIcAE) e MG PELERERPTES PPrOsRE b afef %@

suppl e %Hééﬁraﬂbﬂ Bt ﬂet&%d—at%h%'é a0 &ﬂaﬂoﬂ?@ '@%?QL alr RAPEXLBRE®H(Y5 30C for
approximately 10 days w t hout CO2 e ore the virtus is harvested. In sone

enbodi megi .gp aRSY-0.(H5evg/bdockdtiveer oyt 0. OR@g/L nd alertue 8. 0¢emgyLced hegyear e

speot 1 100U BB N PR mifle bR ARUT DR ek P S Re Tk ey 8
days, ppedifie eﬂllbyddr%p REMNKI-TTBE Blediuth SRAUS inveRIASPInIRse laYprddagl@in at a final

approximately 11 é or proxi mately 12 days before the virus is
har vesta@gcentration pf)q 2} med.| ﬁa@@&@r apastfloqmbpslimertesored-fecsimediva of thebed

her ei n to one of skill

in thelaaﬁngﬁHSH%Eggéﬂghganengé2§§E§a§§P%&%§g§§§§§gégQQWQS infected cells

are cul turgdo73] Tnéhll ahahliserafodim@@psdrirashkes. mddiumtoliare ihbanibadiafntfed t he

cell -associated virus-infected cells are cultured in 1 liter, 2 liter, 3

liter, withpcer rapresngdiyrg compeagné seleqted frambe gionp consistineni euirescince AHEEI nent |
cel S e 0.-500 m

word ngﬁ*%% GREHAL TR AAL MIhRARRICE I SoiE Sttt b b etlifbr

cel | - asbooivabtewh are farsificd véthtoad oc eiolrcsmadmnmdrmpunent suph thafitheicbecentrassmue

cul ture vessel., such as a roll ottle. ther e i rents, t

ol | ¥ n e Be Aot et TR e s 2 Rl o el T RILGF oA O0r | ¢ or

20 1'it ebofi5 fobd high&f orlth&E WiRanGY! k}lﬁi’cra@ly\{gﬁﬁﬁh% médlu@tr-Bein Q'fﬂient s, the

cell -associated virus-infected ‘cel are cultured in 50 liter, 75 liter or

100 | i treepagagsgiecl shahiasefor exaapls. Dulhe@pFﬂeMOélfi@ddiagbrﬁt MedltuhéH@mrsl E¥ssoci at ed

s L e NI v e DA

f I as ks be[dsw (ETatROl t 125 spdoifiy @@l ént adeeuraiTiec Fhdiiiim bif SRUBvVEHbh UFEfovteeie! S
25known to one of skill in the art. 6.4 Production of Vaccine Materi al

[0114] WiHePyressiant In snpder ispesif erobeibmcnio ursm-free edismecs the Ingeiosdie t i on of
Vi ruse i Mg%g I oyl
eIIs)%ghgkﬁg%' @ﬂk%Héﬁﬂkﬁiﬁgﬁﬁgg ﬁﬁ%%ripé Egnml?%%“%ggg%%?gﬂhwentlon
prOV|deﬁmﬁﬁthQSypmaHﬁhﬁm@mobuﬁﬂwﬁﬁzof i nfluenza 30 V|ruses to high titers,
wi t_ hout nedlun1exchange or supple Etlo I n one enbodi nent

t heOmet hod P41 prfsétieridy whigh IE}%Y]E %f%lélgl%ﬁbwtg@éeq 8y peif BRIVAEst eps:
(a) praly L&rlﬂhﬁ&&o%&%qumu% Enol&lid il (8% fe?ér}éa 6 aH@M aMy dckds)

mai ntaining one or nore culture conditions selecte fron1t e group
consi stasrvgllofs, m:yrlstgleucaamcb rpahmjtcémofachebh&muhbmuhldﬂ)ﬁm aandei2@@pepagnoze pH of

bet ween out.6.0, to ab ture about. 33C and
Sbout - Ast S i Br SRt sie et s hese BodEBeBo00 (o)

i nf ect iggroRead, %kefﬂ%ﬁcaéc%j oM?a%cca@idl aedah&la 2B, ti&felc!ﬁ?J‘@ feill] tetRd hroRo Ut
exchangi ng the culture medium and (c c) |ncubat|ng the i nfected proliferated

MDCK ceicids heradeeanotsradid, ootadedaheitc apis mcosanelplap@atioma@flc e tetnddoganera vi r us.

10[ 011 nflu Vi us rodu d b tho s of the
Fovent it At HREBARNE R En TR TR R TR ST 4% ) and
i ncl udgchu-fidt erd@Rim bf ficti®@ntion afceaAFRA WM ex\(ﬂaffuﬁﬁ&lamtaddﬂi@ﬁrt@ﬁfaﬁt e

sel ect ed hemaggl uti ni n and/ or neuram ni dase antigens in the context of an
at t enudvedded élplaitS@pﬁleg@hfs%tde@@lbeéémraad&9@9@1§%Wb@d@@@5 seruEtfEec donor

viruse A 0 re

VRNA Sgn%fﬁr%)o?ﬁéﬁpb&tlo aEé*@?tﬁ%er%a\glltfrf gg&t {ncsa%uf Jrh% 1@%@4&2@&% ! a{nf)ﬁlr%Fsﬁ)ermf[ED

t enmer aimbodirs@nsichinidret tnsgdium of theaahapition afecfaytificarwidnlizdlitie ramaltaﬁd 11(nateh)c
(e.qg., nn Arbor/ 6/ 60, B/ Ann. Arbor/1/66, PR3, B/L eningra 7/ 55,

B/ 14/ 5/af1<fA pthasthcronediiraipnsefi Hgicigircie apghnolepic agidiarcabog) ﬁ? éé;ng er, or

B/ Engl ancke20081s0pRhI%y founMii DRASVIIEAR. the production of reassortant

i nfl uenza vaCC|n strains in elther eggs or cell lines include, for
exanpl e, those disclosed in Kilbourne, E.D. in 20Vaccines (2nd Edition),
ed. Plotkin and Mortiner, WB Saunders_Co. (1988) and those disclosed in PCT

Application PCT Patent Publication NodY WD 05/062820 and WO 03/ 091401, and
in US. Patent Nos. 6,951, 754, 6,887,699, 6,649,372, 6,544,785, 6,001, 634,
5, 854, 037, 5,824,536, 5,840,520, 5,820,871, 5,786,199, and 5, 166, 057 and
U. S. Patent Application Publication Nos. 20060019350, 20050158342,
20050037487, 20050266026, 2520050186563, 20050221489, 20050032043,
20040142003 20030035814 and 20020164770 CIher |nfluenza V|ruses whi ch
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6503, PTA-7909 and PTA-7910), and are proliferated as adherent cells.

Bi oreactors and net hods useful for proliferating adherent cells have been
descri bedweuprwni¢tmee Sections 6.3.2 and 6.3.3). |n ot hepCemsoaomesiss, the
MDCK cells are proliferated as non-adherent cells. 10 Methods for

proliferati on- adher ent | 1.s kno n the art, see for exanple
U S, Pat entlORE] g REY a8 IX@%W B Sortifigd el BHt?ttNFBWétaélGE’Iﬁi ANt o
exanpl Qa’cufsQ%ﬁh@téﬂélﬁmea&‘pﬁﬁ%iﬂ%nas&)%ﬁIacﬂlH RQRe, SARMEOREE Bl AhInG n%ryaﬁ@l cell

seeding density are described 1 n detail supra (gsee Sections 6. 3
6. 3. 3) .hijt@linkgjsoleucmeslpeand, |lysummmlment:,,phtemea1|&@@& welihe senire, hrednifer at ed as

adherent cells 15in a sti bi. or eact or rtaln enpodi nents of
e medhaiPHE ¥ Rher il ibn Sl Il R b A oL (g O R
congentdngodiierdf én@ bR BlorPAHMBRERI Sviadh 4rB eopsyhtnéaeedreﬁhamdrﬁbrcgéhtcur e the
cells are regulated during cul turing as described supra (see Sections 6.3.2
and 6. :M@)CK tqllsceqmpmprly spfisuad Hednt $stchBalVDORO edfls’s argrfertiicd| Fpeexpedet o a
cell dep r vely, or
optronael1 t#ﬁé?iﬁ%iﬂ%%ﬁ%%8§%%g§ ?égg?% w?P g@nénééigggdA%%SS%ﬁh time. The
initi althﬁ:eﬁﬁlie,rtgylﬂ@‘lﬁhl i¥oleaeind |nhdtlgoh1mﬁﬁe@d’iﬁie dasiysawt. fin aabecﬁ:ﬁbd ¢mbletisichty W | |

determne the tine period for proliferation. I.n such enbodi nents, the cells
can, fofruExAispmediyseobhsiinveation ag fegtticd with eytingind albthe pigpdard pging gays, or
forg3 t r about
A Lot et A R Ry S R g
an enr |sepadtesersmhﬂraeéle25ncmrthamnsasf odetsrmrankiehb stendairdhargpeacHEBard dou6s 3. 1) .

I n one serumfre (Y es a .pl ant r o). sate a
o6 SRRk ok nBa® & e outd PAGING: IE e il Hoaie S e om
conponegt,ns el %{eﬁﬁmﬁ bR iRnl6P H&nﬁr@&sglétfainﬂ% Rh BHIEREHNES be%%éhoab%ﬁt ds,
vitamns, fatty acids, and nucl eosides. |n another enbodi nent, the

serum flr4éengr‘édo ah®wtdﬁ%2 ingds, Qitlbletwehe abortpORemg/b tohbauh 876w/ M @B redi um

orlsr o bOul B ek oot PR e T BB SR T PirbaditRah S S Do TR,

I l st ed th@inl@RMich Gdmpritc aNRAHRE asa)e@ﬁofeh@atﬁrtm(tlgmrg/mt he serumfree rredl um
consists of the conponents listed in Table at the final concentrations

i ndi cat ed. [PB7@erYisiming mbeshi rﬁehbesforhféedsleﬁludr,fhuéerermallmw@ #nppqosleis agiducose

t a figaly t b / 7 gl L.
o AL CRRRRI a0 oL sebpul o R AORRL SRLSRETLLSRI9 ATRACT o
concentdhidridencyahoadbaliimi® (At B, ergocalmﬁeﬂ)l 2di} Db fdlicera(viti Bilsraghinohic rray be

used to infect the cells (step i nclude, but are not Ilimted to, those
thal ndvi I%ééwqaeeerqlbeamﬂerl@ie rIVlt ?e)ep -3nigo bengoiq qoith agtothenicqicrl (7jt Bsphe
5am)unt )e erein as the
"viral phﬁhoqdlgl&l% @R r@q ggglel%j@‘algﬁ h{e%tmrtﬁl let(r}%o%lﬁ?/flﬁarvgﬁsEVId%zgdélgha{r1 cell (also
comonltycapbtei (\etE} mdathlahhee Ol B1i) pIn € bpregifaf eonbfd@oéntoserurosfraeithddiurh of geme

errbodrrre the.infection. of. t ells wt viru IS rrjed out using a
oo TR OB AR TOM g0 Aotk L ey BB eRe S Shekly RRTde o, “abont |
0. 00001 Efdéloﬁﬂhfmﬂ %l?@é&'& iy d=fldkies! ﬁl&Clﬁéﬂtﬁ@%ld@xﬁ@%fﬁEM 68d thidRingbout

0.1 FF . or about 100.00001 FFU cell to  about 0.001 FFU cell. In one
en3adi rﬁenlt that the condeponiians ﬁﬁhweﬂtcgtengtthrnerau@aboslt & doldiheghcoor rrtpsr:,rtgaralsvr ral

i nput 0 F cell to about 0.0001 FFU cell, or about 0.00002
FFU ceIQ[Vplf% %85{1 Tgﬁgé':d\gﬁgéw cell. In a specific enbodinment, the infection
of the cel I[9077]t Nwdl¢dsfdeb SvhechIhaebk RiifidtSinbade bak biinok Hﬁhlt%dﬁf chedineen

0. 00001 FFU/ cell to 0.00005 FFU cell. In anot her specific enbodi ment, the
i nf ect iwKins: adenesioe) suangiing thymidine; énastner sdhyparantBinei Hye sogifical i nput  of
bet wee F I I f a may be
used ¢ oSt R rEHridtes s P, TBE e fo RO AR bRETH 2, T2 _
To38l abjrhiline svich aat thepohcdnfidatibeed fihy pd-dMivhine sndthmidies arfefabblitn foldk 1000
[0122] Alternatively the funt of vrru? used to infect the cells (i.
viral iMgher)orinorgeh etrﬁtﬁeaaggov%nrp%ﬁ Mddrcentration of virus in the

cul ture. a f of
about 1103 RNy e o S aRe s R G AR R o, LRt 199&‘&%8%&%%
about OCurOfetliBitddr) sodiunT heafbohhtoya mbcbmm@aa(erga;gl@s@sadi iren lediegm ne the
amount of virus to add to achieve the desired final concentration: Amount
of virus inilL = culture vol une (rrL)2J< final concentration (FFU nL) /
10Virus FFATiter (FFU nL) x1000. 25[0123] Optionally a protease can be
added whi ch brings about the cleavage of the precursor protein of

hemaggl utinin [HAo] and thus the adsorption of the viruses on the cells.
The addition of a protease can be carried out according to the invention
shortly before sr rrultaneously to or shortly after the |nfect|on of the

o . o o, v o o



20 tenmperature of between 30C and 37C. In certain enbodi nents, after
infection with viruses the cells are cultured at a tenperature of |ess then
39C, or |Iwe=x0tian7688C, or |ess than 37C, or |ess than 3®CI/Useo®SH ST han
35C, or less than 34C, or less than 33C, or less than 32C, or |ess than

31C, or Iess than 30C. The culturing.of the infected cells at tenperatures
bel ow FEe1S; [ e ¢RRAHHENT $pryhere W&%%%ﬁﬁl@g PRAMEAAW Bbove, | eads

to the RELEHaE A1 fal goﬁttbatlafonxttf%t%eﬁfabaﬁmz@o tho/iNtd MRRERN0 ﬁlgﬁte%r such as,

for exanple B strains (see, e.g.,U S. Patent Publication 2006/0153872).

Furt herhW@n abhet 2400teg/Lragd @bouthﬁéo‘i) m‘gémLe@f abeiit %@tmg/ethamda@tban‘e@%(l@el ow 35C
is conte at d for..the rodu tion Hg’ at:]tﬁre se sitive, cold adapted

(ts/ca)™¥ B iuspegifip gib ii‘tmein SE%‘H%  Ohdt st %P?ﬁfmlsgé HE0" al so be

at t gnuagi@aibdratd ata fidal asebhedtioarsrad) tmLt e o crhBo e tC surtitAL Rk Aédidm
tenperature of |ess than 30C, or of 30l ess than 31C, or of |ess than 32C

or of |afdke inNentioIompsise sRICPssHs atdEoNIAWCE ofn 1teehas cathadinianh serum- ﬁﬁ@a

fl t
o e P igh SREFLL LSRR oA onebIBGE L] Bt it i) 2
still abotthEy g/En&Oechon’em BIL t@fatbeﬁt i0nd/ecoi about Bg/Et@laleut&T ¢/'Lcut Abvued gat toa

terrperat ure of WO 2010/ 036760PCT/ US2009/ 058157 [0126] In
certairf ew%a/hreh%@utﬁﬁ@/ff feeleat P gy otnacfwémé“léwsboeigtl% seean} te§ H@émm ed out

f Orl ggy SHid ﬁb%{on&%ﬂp?g%gﬁc&%q&gHcfﬁ'lafsw tc@tmafﬁo¥( g?hgg%/ﬂf n 1ﬁc2tggh as 2 to

or optiona ter I ntectl di ment of
t he rretdootémptehed that:attdattona@gku’co&ehmwl&l ddsled &t ®per(um}fyed mediamrafelet iauentfonr 2

d , 3d d 5 ft 7 d ft
S e thads W eR e nd Bohr o R pmotisdts MGk N Sostin &ty 3pT( 03 i s
car 11 edhgulgub o Rafioh FNHS AL B oJoR] BGHERA oftfl ArBREGHLC embodt rent

the i ncubating of the cells (step (c)) 1s carried out for about 48 to about
72 hourAccafdieglyi infeedainembodimenty, @ 527 free wedinaif thegbssdt meentmngontphisesret hod,

th | | f I ' bated aft f t t
D5 el B T o DRSS ok SO e AR ot
ot her %bﬁmﬂlflﬁ are mai ntained as descri bed supra (see Sections 6.3.2 and

6. 3. 3) 0128] In certain enbodi ments, the nethod further conprises,
after step [0879] tlFm @ﬂ@pg@gemawb@@tmwdoqm@@ iclids pietging Y AowsttEinpicHEn t he
replic r | e have
been g?atéla%gﬁlgc%&#apro\?lgg §t§ﬁgg|ﬂ{oh&oﬁe cﬂ(%%t gﬂﬁﬁﬁg ({hﬁgﬁ%Ssé%ﬁkcgt ed virus
is al sm,5% BI0; end POTIpabEtatioasutdder WO OB/I16ImI0vﬁst)ne crhbld29¢nt] seromerenbodi ment
any mcrogcarri ers utilized in the pro&agatl on_of the MDCK cells are all owed

t 0 et tm%dlbm.Oé e IgVELIon COTPHES trRReIeRA Cubdeds- 6ﬁr<‘cy@tﬂhaparttltngll el 3 Wrsecat ed
Vi rus. II I n he
repli cat ug&gaﬁ%n%rﬁ%\?gﬁéég&ﬁl&a%ﬁ%htgwg ter nat I ng | tgw S IlilegorII

t angentaxaﬂnpfeL oepgldddyr deapadenc @elaatﬁwwﬂlﬂoeqxasqnt n ahi Sces nh‘nddr abzdentfﬁhen use of

an ATF device can reduce or even e|i m nat he eed
oo edp Eher e Eatent B B msdhurg A g e oty of Dtk abOg Sut blo i na

har vestcclginsdafldirh&fd sWubfige ﬁl'étifhﬁpéfech@ wfvkRtion compnsk%ﬁetont Br atraﬁaehé ic
enbodi ment, the viral harvest is stabilized by the addition of
coRdentdesivetivennfah excdss mOda:tlcngcemmatlmto tht: m)n etsed imtheunedivm aphmqiﬂata@o (SP)

1 sucr SR0 O pEsEARE L BabPur i B oo 75 STERRAET pREucproBPR" =

har vesti1.25 to 1. InQlspadifit emdBEIMRE, s%@tﬂf—fr%é meaﬂhoaﬂtﬂe@taser&tlﬁ@nqtm b@rhpﬁ%l ng the
cul ture nedi um contai ning the repl icated virus is coupled to the

puri fi cliPPIAN®It a firal pepAcniaie i 3 umed. amderrioammppriumyitee fBACHY & Birdent i al
flow ( th e medi um 30cont ai ni ng t he

repli ngﬁéen\%ﬁaﬁggﬁgﬁgﬁf)ﬁﬁﬁ@@%gt rr%ﬁtée?{ al may be directly subjected one
or 39or e Of [0080] pUFlicfdddaion @i cetn@@sentiedsaleb@tbeld Bipa. to a\Widdium formulation can

2010/ 03 PCT/U 009/ 058157 6.5 Purification of Vaccine Mteri al

[0132] 08818 1t3i MYES9f 18&1Ypmcfx?ﬂﬂl‘é‘sentt{9§ﬂ§?nt%@m%8tso fOF of R¥™ouri fi cation
of vir %ﬁgmnétﬂs g%'ictallg%tﬁfd 1£'D{\QEM/F}§E%G&LR:'&d?A RinGAh 2 S retdrt%ﬁm%‘t'f Reen
replicated 1 n cell lture urification nmethods of the invention may
be usedneenbpedinignt\the msntratmmqfubdlumm‘fdeahiaﬂmab r@ncagkinlasseiunedfiedi ng, but
not limted to, human diploid lung fibroblast cell lines (e.g., MRC-5 and
W -38), human retinoblastoma cell Ii né%, human ki dney cell lines (e.g.,
PER C6 and 293), fetal rhesus lung cell lines (e.g., FRhL2), African green
nonkey ki dney cell lines (e.g., Vero), and canine kidney cell lines (e.qg.,
MDCK) . The purification nethods of the invention give a high overall
recovery of virus, in particular live virus and result in levels of 10 host
cell DNA (HCD) host ceII prot ei n (HCP) and non- speC|f| c endonucl ease (e.q.

-~ N o N o o o .




HCD/ dose. I n a specific enbodinment, the purified viruses conprise |ess than
about 1 ng HCD/ dose or |ess then about 0.8 ng HCD/ dose, or |ess then about
0.6 ng HGROROBA36™P | ess t hen about 0.4 ng HCD dose, or pCedas2adamssiabout 0. 2
ng HCD/ dose. 30[0135] In other enbodinents, the purified viruses are

e 3 0 O SE 38 U 08 SRLTL00, e
HCD/ 7. qgecﬁuﬁl‘?ﬁﬂt&'zﬁ%ntf%h 1;11 @&o%t bAgR R 15%@8 aBW%%)%r ﬁbélﬂgbgﬁgldbo&r I ess

t hen about 6 ng .5 logi oFFU, or less then about
2010/ 0%76@?@%@32%0@/@5&1@%,@ abm[blérf)%m %)OUb@}%Iéﬁthat tymldaas§omdan about 4

ng H ogi oFFU, . or SS 0.5 | ogi OFFU, or
ase CHMERB I S Riperias misgTRel o BE dRRbonsi ot SF Nt Pt B

HCD/57. Qﬁecﬁuﬂn%@'t&ﬁﬁ%ntféh i 893 otfhﬁﬂ@t)ﬁ)b@lﬂ& Quridl ﬂ@M@M/?mOInSdanm @@aﬁc or less
t hen about 0.6 ng HCD/ 7. 00.5 | ogi oFFU, or |ess then about 0.4 ng HCD/ 7.00.5
| ogi oFFMboggRentetss finplethe amtltr@rlozl HNaGiR 7 soomsireogedEmef theinyertinadis f i ¢
enbodi % Ee purified viruses conprise |less than about 1 ng HCD/7.00.5
Iogi oF ¥&ss then about 0.8 ng HCD/ 7. 00. 5 | ogi oFFU, or | ess then about
.6 ng HCD/ [6090. 5 Th ogit@EEbdbo@mdnessﬂletnlnﬁibeﬁ@Mﬁmﬁ)l dbrivgd bEERponca6. fredeagino FFU,
or less then about 0.2 ng HCD/ 7. 00.5. | ogi oFFU. L0136 In one enbodi nent,

the amsGHIm-gree ﬂ@élqnéoa@@éwﬁnﬁ@aa@gmﬁgnléeqbp%@@ ﬁn%e%s%qwxama eanot her
th}gdl rE%HﬁnerElQﬁ M%gge REo it HrAEHE Sibn %qnéﬂﬁh 4d &a tdeﬁ@ecp rrer ase
chain reaction %r ese assays mmy be per orrre usi ng rret

exenpl irfonemshimal sbhEeEé@grplelq:gimlriIMtriemCSENd 0n-8884., and Mllhﬁ)ﬁfea]a]t No certain
enbodi ﬁs, 6\3% about .5 % or, at | east. a(f) ut 60% qr at ast about
70% oD 1 Teadkstive e Bowiee tlﬁ%eﬁqcﬁﬁotawg Fied fompg a9l 80 e

| ess trb?@cﬁ@@hhﬁoo&-lﬁijegpglll&ﬁﬁﬁalQl@h(fé:d ddMponthts h&NGPRced BY forSRBR[-H&Giveabodi ment
at | east about 80%of th CD present in the purifiéed viruses is |less than
about Tgoducrpwitin tHeerrgertiionlof chelostbref wmlmnem e @edyoptinerief, a cioonitall90% of t he

pre n.the purified virus t han abayt 100 i, n | ength.

e neR Tl il mRiEY Ko itted HEE0 Sowingatditd3e 436" or *a
Ieast ghedictHéli¥icsiolaha gl&aﬁémall@wboﬁdl%le@rlo@dted ﬁaféﬁloﬁ@ﬁbﬂasﬁﬁ%t&{fwiﬂhe HCD
present in the purified viruses 20 is |l ess than about 500 bp in length. In
a speciadventéioysagmtnincludingl begrot Hpdad tepYesf the HCD present in the
purified vi S 0 e n sone
enbodi nent s[,bb?ﬁe ﬁplé Sk? (ﬁgagl\glg:&%@e%gytgﬁﬁ%cg%%ﬁe@gh (gg&slp g%tloa 8@% 1
HCP/ dostke canpdeas dffienMatbiousF i 1.0i rgedilii/Ideddn Tablel3esisthé fiaal @b@euﬁraaons | g
HCP/ dose,. or less then about 7 j.ig HCP/dose, or |ess then about 6 i.ig
HoBPdosBdicged | Bsanofhes ﬁp%ﬁfﬁﬁm@qlmﬁg 1qeBndfirsaneduy,of thegaveniion capditlt 4 . .g
HCP/ dosg 9511 68311 1REBmPBAUIEs GF the Mbd $F0 m@hiuhPiRted MEMLRLOUL the | -
HCP/ doseSen ess fthh mggouts 1 !ﬂe?\% HCP;F ose, m 1u}jﬁssetlflaen about 0.8 | |g
HCP/ dod&al conceetsaionk anlicibaltin Gtib another dﬂ@ﬁﬁd@ﬁﬂapdment adadiviiMdbOut 0.4 i.ig
HCP/ dose, .or less.th about 0.2 1] specific nbodl ment ,
the. purTidig comIsEa QRS sietin el oyt « 1P Ra0LE! STghe | oss ¢ hen
about Qu&tiochd HCP/ dose or | ess then about 0.6 i.ig HCP/ dose, or |ess
30t hen about 0.4 i.ig HCP/dose, or |less then about 0.2 i.ig HCP/dose.
[ 0539] her vk d viruses the purified viruses are
n?%uenrfz%blgglruses an co%?‘%ﬁ%@gﬁl’? lbﬁ about 10 i.ig HCP/7. 00.5 |ogioFFy,
or | ess then about (%mpmganHCP/? 00.5 | oomgHFU, | or I(}mnpdﬂmtl abquhg/& || .1 g
HCP/ 7. 0&aRs! 0gl OFFU, or less then abouf 7 [fg MQPMAQ%SS logi qFFU, or | ess
then a R}é‘icj\&m!@h@on’l‘é”’Aﬁhﬁhoé ogi oFFU, r711|r6§65~ ﬂe&aﬁﬁgm | T 5.'51’5” 7.00.5

| ogi oOFFg—6F—ess—ther—abott—4—1t+gHEPH7-065 o-Hg—er—t+ess—then about
3 [tg H(Ptﬂf}gﬁeﬁnmfghl%qf%lzlzll ar I(LAQEQJ t hem %&4” Lf l‘rgllllmoﬂéln 5 [IM4diPdFFU, or
| ess t héfegabgium Sulfateg AHERIPLO0. 5 10g1O0FFLS. 841 | BsAsperremedtsht C. §3tg
HCP/ 7. ()@Oglsglgﬁj@fﬁgﬁae or 5I ess then about31q.'561. L%@QR{CYAQQ 5 lcg(;@EFU, or
| ess t hren—abo O At —togHEPH-00-51ogiQrFur——o SS—tN gt—0-2 [tg
HCP/ 7. éoélufbétﬂ@ﬁﬁﬁ I n a specific enb ’gyﬁd’e_ﬁt h(]éysf‘)%?q IFIEI;\BIZ 1115765564
conpri %SohﬁﬁsPﬁds@Hatab‘ﬂuﬁob’hsmngd@ﬂiyﬁrﬂg 562 6gi oFELd:ysnhe DBESS ther Hdsut 0.8
(19 HOPSEalih Pob DT OF, 4 8RF0eT SO D10 TIGWHRE AP, © Tog3grFu. or

| ess t hen—abott . IAN.UFFU ess—then—abott t
'1 :33‘5 "
HCP/ 7. 005 | nnl nEEI ) 1 nr ﬂ1 Aﬂ'l | n—one nrv‘hnr‘ll ment Cﬂ\Il\e ahpUht n'F I—l S

Bl R A |

det er mi ned by an Enzyme- Llnked Innuno%%rbent Assay (ELI SA) using an

anti body agai nst HCP for detection. This assay may be performed using

nmet hods exenplified in the Exanple provided in Section 8.6. [0141] Methods
for the preparation of inactive/disintegrated virus particles for vaccine
conpositions are well known in the art and have been utilized for over 40
years. 15However, these nethods |ncorporate harsh steps such as treatnent

N T _.: rc




WO 2010/ 036760PCT/ US2009/ 058157 chr omat ogr aphy and d) sterile filtration.
These steps may conprise further steps such as treatnent with a

non- speciwocosmgoersacl ease and stabilization of the viralPCharse@ows8157 vir al

| oad. These steps may be perfornmed nultiple ti mss in the purification
process and in an order that maxim zes;the viral recovery whi|e adequately
r enovi n(’IrF’KﬁDM;?WS HCD, as described abave. 5[Q1 flIHHlIW- R FCLELEY 113148 | t he
cl ari f i| €aprioSubfiteaPantatadratar vest i ncl ud®,000dt akdseletcing ni t ed t|¢4.47
cent ri fl wgatd irate] Nohyigjidsate and menbr ane | f plosr at | pALeusktech i ncl udesy,osbut i's

t
?iolttlriar%ﬁg QAT DR 4N a5 STngre|ppgp; [dF q}ﬁﬂ% @ rect TlTfvs i
i IS ERA ETE,,”M@”/'T sMetiapy p'h'“n"n! 2 s
r
r

s
=
T
3
3

and cr ¢ss
tangential to (along) the surface of tthe menf ahFPheﬂfIdﬂlaﬁlU@tprrs BAthe run

so 10ag Qthermintain a constant Filtrate Flux |rateProbid en ref er f[dd.28s| si npl y
"Fl ux" | @pdeydiccbHORY be neasured as |itfeyggpf persgiate per squar aseter of

menbr an ) Or TO mai ntaim 5 Menor an Sssure
(abbr 6\'{%3 gﬁhl B{%l"i{b-?l&\ll é!I_"\fw‘"li ch—ray—bereas U?Q(E)O S E\;f.,ll}rl‘%élﬁl?}ei Sgtat ?3?{55:1
(psi)) > Tuv ) Tive DRPPRI ¢ egul 4t &8¢l
prevent_nenbrane fouling. Menbranes forn use i LiTyrpsing MNa appl i|S&t1%ps ar e
avai | abhdtdniian 15commer ci al sources. L4V ali¥et hi n t he arx,85there

are foury. B"&}THWI{B7%E&%RH{3C1 cat egori es [ (mggt anes defi ned by tfhe sifze of
t he mat ﬁ pﬂ c;ul I é‘gttﬁl,ﬁ] %\ig fromthe carrie 224I U \#p %tmg::ﬁgc f l,,é :IOE ;II!Et cation

smal | est Ssize are reves o8sHes
menbr an&doline CARFEt r at i an_menbranes, An&I% ypexeaihing Naesai a a2
nébymeliar at es nol|dcifdes

Fi | t r at iGyanadobhlatde(abidl- 20 nenti oned (®8br

accor di| pglit actdhei r nol ecul ar wei ght by |ugiggg |[nenbranes with specific| pore
Si zes. 'ﬁ?}fo ﬁ%gﬁml €, separation wtn re er1§% ’T‘ﬁ»ﬁﬂ? r@d’g:)ranes ffhat have
pore Si s—ess—than06-066+merormreters 1t 1 tO—SEP rate l-eeul es
t hat hd ;@\ﬁaCAHWSmn ar weight less than 72(92n¢ Hi&nOI@PIArCﬂ(Ef ionh -¢4

nanof i || Pyeidexne HEAHYiaBE: t hat have poré 30%ked frdHh-clipoic Acid. 0qd).105
m cr oneRébsflavinfelt B2y ve, is intended to|2Ap3Eparate nol ecul es that havie a
mol ecul qlhia\fﬁhgplrcﬂ({,l@gllgoo Daltons to 15 gllboca tons (kDa) 1 ncluysive.
Fi | trattomrwth ol trafittrattonrenbranes thathave pore—sizes from0. 005 -

0.1 m &*%ﬁetwtolﬁ?@ﬂﬂé“wgﬂl s intended to separate nol ecul es that have a
nol ecul ar 300 tion

eyt e JBbRH" JleBr LS TRhear PRBy B MR Beiad drs CoBMRE ap bt e or .

i ncl usigeBs oh & shiffé@NE %ﬁk&h@ﬁﬁ)@kﬁt QA dNBrcREr RS ed (t}?‘\tvhlj@ﬁ‘(@s@ o%ﬁm%@eﬁ@ srar
wei ght from 100 kDa - 3000 kDa and | arger. Accordingly, nbrane-filtration

can s eph@rgi@@n b liedudedsit gfe oy ﬂl@h@dtto (serfgce modlifigd e@lystwemmp&%h@ﬂr, pes¢inul ar
co one%tt%d aces? Si 1feone f:l u ut | llle gs/nﬁgtbranes hat1 hgve a
par t'i cul’ar “NbI eclf a¥ eI ght Tl % RECY PO PR B8t he pore
si ze OfvahBSI JreRBhmaREallyl Q@ul%@@ucﬂicsﬁleﬁsadd £ @Mmmhraﬁ\@llcrocanler beads,
2010/ 036760PCT/ US2009/ 058157 Mol ecul ar Weight Limt (NMAL) or Nom naI
Mol eculsaeh yePgrpacelh Plerfer & lomesy Sup@rb@erdeFlaW bekqraterics SyecgCoPRIECT-&ir f or
the fil I welght of
the. ol e e e S KT AL PR L B (TR OF, oo
m)l eculIé&lthéare Me&[mcm)Il\emtdcafne\n/beghtar@analh@her@ i(grthé rangaot YO@ROG er ent
the 5 I s not an exact tric, i S neverthel] ess usef ul

315. ¢ TRIGEPT 4N g’&ﬁ%’ffﬁ) {hakprRY 9§ &d2m8 S ‘PCFé‘Fe%tlﬁgh%‘ih&&ft% celf Browh g g Prgy be
used asofileghuNest Sxipld B seRAlEA i iodifath RSBmO Ihiﬂhénpw fibers may
al so be used depend |ngp on t e type of filtration nmethod. Any nunber of
pot ent iraicraverrier bn@isnm@\edmglgsealmyhdme‘m@@@@arn ctntunaters obe towtbtsuﬂfaom fldd t o,
regener at ed eI | ul al yet her one i ch. r not nodi fi ed
el aore of anarvitan R Th e SEReE R Ity tor Fs b o Pve) |
and cerpmltgndAdedlBMIDCRAE aggregates, as well as pol ycarbonate,
pol ypr opyl ene, pol yet hyl ene and PTFE (TEFLC]\IC) It is contenpl ated that
corfBi nat i orl80841 flnjone ambodmmt,hl@fd@lcamrrm@rmumd@t@ypwnmtyo heseetni n
separ at th h filit al U et i sing
separ atailbgn lﬁn{'o rTg)t‘g)ouffJl 4 %}L elfllaggt%gr %’Xboo{nnén thern IForc]:gfrlgrﬁ tuhsgg' 5‘% on%eﬂtragf)m%
concentration of material being 15processed [ 0145] Met hods usef ul
for concentrating and/ or buffer excha%e include, but are not limted 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. Furthernore, the use of UF and/or DF may result in
additional purification by the 20 fractionation process that washes snaller
nol ecul es, V\:hl ch may be cont am nants, thr ough a rrenbr ane and Ieaves Iar ger.

oy T T ———— .
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20 buffer exchange. In sone enbodi nents, the nenbrane may be cl eaned post
process and reused. In other enbodi nents, a new nenbrane is used for each
bat ch of wbaniofaiewovi rus. |1 n another specific enbodi mentCTiuseoooloasist i ed
harvest is concentrated and the buffer exchanged as exenplified in the

Exanpl es provided in Sectigns 8.6.and 8,.6.3. [0148] T of .chromat.ogr aphy
usef ul REFE @O} 3 e 5@ Et? Cgffain gBoqimeys dhs wﬂﬁu}f‘e\%gﬁz%rblﬁswgs el ude,
but  ar eeanld WitiMk @IDER; ccth fd B LMt ATROUR@BEKIGDF WEkt 03510l BBaE*q0aNge

chromat ography and/or hydroxyapatite chromatography. In certain
enbodi meHs/mL.ilor sprafiangédodimenhdhotpediph densityus bebwebmalgng Odrtbeliowrent , cati on

exchange, chsomat ography 1S use L n .an r .enbodi.men catipon hange
ot oo AT L A b A b8 B 10RO heneh AR T hange
chr gnatpgnephy1(° cUsad, of Ebt@eépﬁ%iuf 1.0 teabadilment; cAlsFOL SAleRdHGIRLBE nary

ammoni um (Q ani on excﬁanqer is used (e.g.. CaptoTM Q GE Healthcare) In
anot herscegn detsithican boradeulavd haader engrosratierdraashy\ ceerdgly. or perehimt | ow pH.

Ani on | &: I i char ra i are not

i ecis QR eyl R E O Bkt R LR AR e NIBCR G Rty 7 © 10

cati on cirnkRdane seédsgy duakisy (Ratdut 100 aoh04 DSHEERIRETASE @R 9f AEEL 37 tdar t obi nd
S15 and C15). | n another enbodinent, negative chromatography is used

wher ei MPPHEY SR IMIETOEYTIST SChYRHACBYIHNPIRT abPulck: mﬁowx%r@ﬁgéngﬁaarv%us is
suhgeq I i 5 fr i rh L . el
prg?eigﬁgﬁhygﬁqﬁﬁéﬁ%ﬁg3§g$@y&%%&%§m%bﬁ¥gﬁgﬁg{% Hf%g?ggﬁ%ﬂgﬁ?gﬁgﬁggégghy can
be per fadrbed 20ro abbat3dlves/otassarner. al t ernatively utilizing a 5col um

o taln. di ts, th diti i.ral | oad.i ified b
Coi urm. chr JHITIgraBiRE he Procepet sepeitainb AL HSREEHS ( 6r risiSanss PSR emoval
of Conte%?ihﬂlﬁﬁg 9 EiEBRuInRE] wd %ells@hﬁﬁ%e‘ﬂaﬁgfeﬁg&fr@ﬁlhﬁéonﬂh@ﬁ%uﬁlgolﬁ Q8 face

purification process, treatnment with a non-specific endonucl ease (e.g.,
Benzondsg)..flablowe{ese, micorcatrysec vinteis oswtshipptorasuetaceit Amaetbef of method$ ¢l  use

norSpaRi TS TR B B FRRT. o k3G P Rt Pl TR, Tl and

Accor did@hyenatd) naRMeigéd BSRRBYe AR fRIL SIREKS or MMEdtaPRrsihOViliese Mehhods for
the purification of viruses that reduce the quantitémgyy r esi dual

non- s peksshpdifalgeisnsh enddibicd igiéa janger Hlasker Wéya tasegdraobinge Hanigipcarier

accept . f. iRy ec cihes 0 i ... tha purified
virusegghﬁﬁ%ﬁgg%8+§§§§?%§%¥§%bH@ﬁﬁﬁ8ggé%ﬁ%?h%§gg%#gggpgﬁgﬁgg%%gtﬁﬁ.0055 ng,
or | esscultherndout belqaabhedigs theratloasshd bégindlalitireQo GAahgultae. Fess t hen
abgut 0.0040 ng,. or. less then about 0.0035 ng, or |less then abqut 0.0030
ng,2Vor Sxa@ple it smsignt 16® woirates ghat d partod tha sl kegt 19 Moot 1s efdedess
then ahgyt,,f RlediufS@.d R me icld: 0L, AGrerdfivél sispeci fic
endonucﬁgggesgg%gggg%? Fﬁba gﬁ%biflcpgﬁ%ggﬁ%%nt, ?ﬁe 63%??@ggﬁg@§3§es

conpr i sell$ esthe bhgmabhdture 8.doR4Mined andthel dision reralalmed bB3ed0Bthentgsiratl | ess
20t hen abqut ,0.0030,ng, or |es hen about 0.0025 ng of non-speci.fi
endonucPedbe Aty dad ddtume of ﬂr%ﬁﬁfumﬁeg@ e G REQONPRENG (T $%d

Vi 1 usesyrbldgschRbF duch ap¥dativaesuchhS, TripL B EMAatrYidnUeedstal, BRY An&nﬁw@{,i'ﬁe less
t han aggut 8.0068 ng? Sﬁ Iesg ?heﬁggbout 0?6%55'ng% or Iz;s then a 5ut

0. @850 migrocerricr gslsurch eficatbo gellsthayo 4lstaghegd forshinessisum had'onmawrecadrigd¥odng, or

| ess then about 35 n or less then about 0.0030 ..ar_less then about
0° 0025 iy, BEF B aQued B dautit hS5Pe 63N e d el B8 0015 ng, or
| ess t hemskbedto H1HELQuAge vessel BEBredfumiorHPRE tel ad dRidd o Biekieaseiuper 7. 00. 5
| ogi oFFU. I n a specific enbodinment, the purified viruses are influenza
viruseémé@rRBVUQﬁﬁﬁ@onprise | ess than about 0.0040 ng, or |ess then about
0. 0035 ng, ess .t - 0 | of
non- spec 1 1908913 P ERnE Abathegfddeutndk o SFRCKIEN, P2 orthuideigofid

en30di MADICK tdiB) profiifig edadhicrous edlsanhanid@daaivts 40 teawpmithe: progasd (ean about

0. 0040 ng,. or less then about 0,0035 ng, or |ess then about, 0,0030 ng, or

| ess t higiPabbuthereeass My bt naehiabgddeiss iy tém@h&m lsRofsare @!Q@GPBSqCBgi oFFU.
In yet af‘,"s‘@ﬁlﬁah@eran%@gﬁhfiﬁlﬁbl Qéjh&?g& anll B SIDARARIRES df drim BRI Ib@&ﬁ?ndys
Benzonase(r). WD’2010/036760PCT/ US2009/ 058157 [0152] Sterility is of
par t i cuhar bé aduled tathesuftor. Inhwse anibodsesntarik protease @tatabmbonenttsinsthaed ar e
intended for clinical use in animls éincluding humans). Accordingly, the
met hods for the purification of virus (e.g., influenza or RSV) of the
present invention incorporate sterilization, which can be perforned as a
termnal filtration step (e.g., RSV) or using know 5sterilization nethods
(e.qg., Influenza virus). Methods useful for the sterilization of vaccine
conponents (e.g., viruses, delivery devices, etc.) include, but are not
limted to, irradiation, filtration, chem cal treatnent, and other suitable

o I Y - r . - o,




[0157] In a specific enbodinent, steps (a), (b), (d) and (e) are perforned
by 30 nmenbrane filtration. In another specific enbodi nent, steps (b) and
(d) are peoforomsereby tangential flow filtration. In stilPCTasew@ss1speci fic
enbodi ment, steps (a) and (e) are perfornmed by direct flom1filtration In
yet ano |f|c e i ment, ste ncl ude conc ntratron by

ul trafit Ptﬁ%ﬁgngﬂl WOV st Sgr%ﬁb‘ﬁ%a’éa%(t@%%tjf‘#tm t‘?seéﬁ HEREPT anot her

speci figiclfeargfitO/ 036760PCT/ US2009/ 058157 enbodi nent, step (d) includes only
concentration. Additional enbodi nents of the nethod of purifying viruses
are det ai | d@08Hf rhe use of proteaﬁmiﬁ@]eadto) @aétrgmfcﬂ mi:tbomabsrétn'npoet@ﬂ (c) is
per formnmed hy afflnrt m, chr t ogra not her SR Ci

brboat ey 0y G RAE PR e BEiraarnBRe HBSer ES mfadsl 1 o
nuclsea%efecﬁﬁglﬁ&h t&%eﬂﬁ$ﬁf5fe@%lcﬂﬁﬁfr@mz\élo& Us&SelRRhaicNBath6 @M€ Bidtcagell t Ur e may
be stabilized (e by the addition of a sucrose fhosphate SP)), after

har vestneed!@sictorfwhtgteybead krebgsdrifanpighincbuingshu ogslinite teethp mesthodtexempbified on
encomPanthd BERFIALLISLER 08, ShichiohaldilA8H o8l BANE Shodie ETIRLH Vel Y.
the steps © rvesting "and ariyication may b For exanpl e, ATF

10may qﬁrtumtmt the uhehmhaveeiletenouietilﬂm th@phambéplrowawﬁeeamﬂtmmasd the viral
har vest dlrectl to the nedi a and/ or devrce used for clarification of the

Vi rus cells romemcarftﬁrs eauabpgicduced by lsasfdiOufivl & Bropreitrerireend oV it A ghetediggcan
fin I i me
suf |cr ﬁ%t?q %%ﬁgﬁgxgﬁ?%kghgrrszgﬁgh' e%?m gﬁéé&%g?f?%grékékﬁgﬁogﬁl e.g.
bet weercell and 30 minutes. Alternatively, the mediumis 15filtered through

a sem - per e nenbran f a d fine e of. re sizes |arge enou h to
o pacsJTBRE 1TRERG Ahedipdise brad G p e srﬁtré% N L
parti culag @mﬁ%tcth@fatln% ggent Egé %]the &i(ﬁ’t‘ﬂtﬁl 2. TSP VEY. 8 ofh@f vest is

clarified by DF using a rane aving a pore size large
enough dmodirhentysibeabtot pag sremstehis (ﬁugltrtat@dtbyshmddltmtmfgwhte@tlne raén (¢.9t act

o dr 1 g B oainisERa) Spr e e Bl U sl S B MR v ng & pore

si ze ofcnafd@ithent, Zcdll &IlARES fRHOR- t@ﬁtoh%@tﬁc MIDCRE c8Regiohlife &ydubdiciesdlls ohhe viral
harvest is cIarlfled by DFF t hrough at | east one nenbrane having a pore

si ze ofmigercapions kissated with asholamateey (e JHIGA) ot ulsgheratbihen aped duringanot her
speci fi S§e ri frrst
menbr arfe” ﬁ%@g{a{a%gglreeces rl&l tP Eﬂi %ﬁhﬁt’o%o <Oa{r\é|éa?eanI cglq%lg%mﬁfﬁnﬁe% r’anBD Fﬁavr ng a
por e simenitfre@mdhdfistod asrmércetoeﬁaslhtdtmdaaﬂtnadnnoembodlllsnﬁmhshe pidry@irogy | ene
and/ or PVDF neng anes are used. In sﬁrll anot her specific¢c enbodi nen t he

¢ 4

vi 2l rybsiens AEerctha pelfsihaye dotaghed fresh myedingm P/ RUmIOPRECTBRATPY (BB Pded in
Sect | Orhdﬁecp 0. thd ¢l ﬁfr c ANPIRES erf Mr;n&lgg éTHﬂQir@‘%mh ot IR ENEER di of the cell
coupl ed t

culture rep icated virus is step. For ex np e, the cel
cul t ur enrcephircat edtraisfarsdite a hkaperesdtect st bpfokd, ddriolg peatdryhd aidithe ofedi a and

deviceéu ﬁd for SQﬂDFF The .coupling of the harvest and clarification steps
r educ eSTPAGHH ARY/BF MHERATAITSt | ons, avoids the need for a harvest taffl(

and reducego089" ahlcc4ifCaHOUMENY, PR cells are Mt&%uh@ WARR el sen, . the
clarified harvest is concentrated and/or th fer is exchanged. In one

em3ddi rhwferedseieeltion prov taheing detackiode Meimthalﬁgfel fos waehihp ephtsdinppdeounD
2010/ 036760PCT/ 9/ 0 TEF df
both ¢ " Ut IHEFER. ke e s Bl R e e RO daPsesoor the cel |

cul tur @Ho@tﬂtalté‘—Bhﬁ“Sre&IIShliﬁe FankQ Wl eded Salt el FitieR mhmhd Sslt seupbed to the
TFF ste&@tThe coupling of the harvest clarification and

concentFgtnressshof Weshintbp aﬂ&engtlée)%repf@a@e@@w uRithomedisnt (govethi ons,
and re t

fln 5o MERF SR BBl REREASH Dbl (P SR A HBRHE Phe pblS B L0
t h&0TFFoei ispdatsl rmoltipke timesTeGantailly, heaooscanir Bddds aternlioarctiad retedrfoditimnt s,

the clarified virus is first concentrated by UF and then the buffer is
exchand&d--gy @0 ntlﬂutéé)rapgrﬂﬁ‘ FRBSUMSEss T?IH%Veéil fegm ﬂree\@srﬁ r (gtiprally, the
concenttahed @hQium ﬁonpa{ c@PAMur3m R pcABRAHEd dfiziff a@QE&’ﬁatﬁ loWshapout 6X,

or about 7X, or about 8X, or about 9X or 10 about X, re, wherein
"X' eq Uarhgntlﬁeﬂo"ﬁotiahces s for axpmgt Uhe GitdietP4t dnchrain pmbadummtst betadecn et ent at e

volune. In a specific enbodinent, the clarified virus is concentrated

bet ween about 3X to about 5X. In anotR@r specific enbodinent, the clarified

virus is concentrated about 4X, wherein "X' equals the Total starting

vol unme added to the operation/final retentate volune. In certain

enbodi ments, the clarified virus is concentrated 15about 10X or nore to

i ncrease the | oading of all subsequent purification steps. In certain
enbodi nent s, follomnng concentratron about 1 dravolune or about 2

I I T I —



eval uating the performace of affinity ligands are exenplified in Exanple
8.7. In a specific enbodinent, CellufineTM Sulfate (Chisso Corp.) affinity
medi a i s woi2biozise7éhor affinity chromat ography. |n anot hecTash@diossant ,

Fl uSel ectTM is utilized for affinity chromatography In still anot her

enbodi the [ i nd .of the medi.a 20co uI fate
moi et y. PH %)e/f’foa%? h@%&f ﬁ@wedluer(gr%ﬁ @/ﬁb ash Wedigm) 195 Ovef 5

direct Wasﬁ@%e% 3 c&tdih BinbYdifReisathe Mk da@h Eﬁeﬁla@éﬂ)@ﬁh ﬁ‘%hﬁné SHewan
materi al may be passed over the affinity media to facilitate the b| ndi ng of

addi t i dhel bwfiferad eadt sol @i thar rs lweheenﬂmamnor grogeniben thdoeltimgOf ntedivabout
1011, bet t At bout
1096 v b sarapeRban ont gmPatifushl St pedfim StFd Bt sdmRE xBpRoc

enbgdi rgmtl calturk @AsdwadiiHoul §99 to Moudll 00B 3T thA I Hal WAMing 9bludic dfeRSt about
1092, or at |east about 10, or at |east about 109A, or at | east about 1095,

or at |sHstltaisodn 2 spBEic gnbegimprtaa washmedivroigaddest toabontedds tathout 60098, or

east - S gD e e Sy FeT e PRt ARG Tn R np SAELaPORMen A164Ba. “or et

| east ahealitimiOddded\to abtsut pavdtoabes: 100, dfthe edgipelr workirgf voddrhe of thy ceedi a. I'n
30certain enbodi nents, the virus particles are |live viruses. Methods for

det er mHtHE- t HeccHarabagiments, dhe QFI”IS@ﬁe Vashgd AT WOk @Mefescri bed her ei n.
[0465] In er F t 11

I Oé]il oFFU, 39%@ &g%é@%ﬂgﬁ?@ mééal U%?%&%rﬁgg?bggég% dgl%a%g%g é?llctl)r bet ween
about SChbldtmgngEkJ\xmmhadambe u%ﬁze’.tﬂﬁ@]/uﬁéﬁﬂﬁ@@ﬁﬂ't/llﬂm@ﬁ@l 058157 9.6 | ogi oFFU of

Vi rus, aded per nlL of I n anot her e nent, at | east
thout " b rnsargmre et e BT ) e e Sriamproraar D ALY "bont o 3
| ogi oFRtyRhetRd (&?&ﬁgleﬁ‘@ﬁﬂﬁtrﬁo tffa@gétf%%ad (EUTAYL Ih%%ﬁ@mﬁ@@ﬂ%ocﬁnfén! agi oFFU,

or at |east about | ogi oF or at |l east about 9.6 | ogi oFFU, or at |east
about @helatlogagﬂﬁlcu ElaTAatIn Certegn embofilmegtssthleagmm%ldhurmcoraprlseedsetch@bﬁbogt 9.9

| ogi.oFFU, or at | east u 10 lo at st out  10. Iogl oFFU,
or 350 g afbntc T oRPhuied 4o08 057 sl il b3 g IR BBt 0 Ot

I east abeHddiniéhtd thOFhdibdiu@rcoatpris@aht claélsm{g abdnatlaQ@hednrkioObf Bltwb@ast

about 10.6 | ogi oFFU or at |east about 10.7 1ogi oFFU, or at |east about

10. 8 | ggpeFFUMNto about §HsmMabue snaYife grakpidament, thgrvash medism cerppiites the

| ogi oFE affinity media. In a specific
enbodi rren@{m%eéﬁ%]p%%%@%ﬁ gpgﬁtld%&?\{lsso Corp.) affinity nedia is utilized
and bet weer[009Q Ilﬁ@meEﬁUodlmeat 8hd 9ig o6 el ah nvddiuis camprisiogdecchplringl of

Cell ufi neTM SuI fate. anot her specific enbodi nent, Cel|ufjneTM Sul fate
( Orilss Geerrip Pyt warh ?l?ﬁw rgdiakoptsS it [ ¢ sneqifiernbodimpitrthe P ofdbs WEU to 9. 6

| ogi OFﬁlgéde?%\ég&@sﬁg%é ﬁ%u it géntri@— &@ve&?e%ﬂo‘d{? 'Seﬂiﬁ/'a%ﬂtfz%aé eI];nI Pt | | anot her

speci fi MSufae Chi sso Co nity nmedia is
utili zegeafidcaibodiesst, tiadjotdibf meMdsh@n@lEEthomﬁnsmgthel oshabttmgb@amtt 1sShebwéangi oFFU,
or at | ast bo t. 9. i OFFU, or. at ] east about .9.7 Ioeql oFFU of virus are

| oaded 3P8H all?élltgdh QP P4 &vash mediung GRprising §ARTUHSSECHERE t he

affini taéureeﬂh@ thay MRS IRGDH mﬂ@ r@suﬁﬁlf fdeRicBRbre R Wabemeliukif A &ordiRgphinch t he
viruses will remain bound to the af Tgl nity media (e.g., an SP bu% er)

reRdve agribiowpntbodmaenis dld pH bbanell edhraheingmashddroith & asafkilwin wmm’mnm | n

one or P ETRRApOREng v B At 4 SRR RE S s AR . 7

In anotthebvagpﬁeafimptoem@@edl d@ite. Thhepvesh eﬁhl%ihﬁ{enﬁ@lﬁlﬁlbﬁbﬁa@éll émtrhban 0%
variation of one or nore conponent) 218 mM sucrose, 11 nM phosphate buffer

pH 7. 0-washed pith @eyashinedaup semparng a chelating sagakis adisted e peitroen ahaut He
ffinit f |
ani ch 1 TR 2 b ShodtaS oS BPuR th i it MEUTEu fle SPMRL 1T,

W 3boutspeétieasbodinny, tieopt afih valhtd e badg mShdaiemlohumﬂ;nadﬂmecdmlﬁm@ I n
certain odi ment s, he elubtlonbffer comprises salt. Salts useful_ for

the el #§ tlag ageIt isutuyi 19, betwqen ahepz ) ang hauhf i ) nopdedpiRmIdtRn Afde

sodi umtﬁ@{,vggﬂﬁi@dlu{;}%qleé&&mm@r| de, ammoni um chl ori de, nmagnesi um chl ori de,
and calcrumchloride. Cenerally, the elution buffer is applied to the resin

as either a gradient or step in the 300 to 1.0M concentration range. The

ef fecti veness of the cation and anion_used as the salts in the elution
buffer correlate with the Hof neister $éries, where the order of

di spl acenent for commonly used cations is: Ca2' > Mg2 > Na+ > I (' >NH4' and
the order of displacenent effectiveness for commonly used ani ons: PO43- >
5042- > COO- > CL. In one enbodi nent, WO 2010/ 036760PCT/ US2009/ 058157 t he
elution buffer conprises (within 10% variation) sodiumchloride at a final
concentratl on of 1M In anot her enbodl rrent the eI ut| on buffer corrprl ses

o A NN -, = Y o o o o o " A LN R R



25buffer conprising sucrose. In a specific enbodi nent, the non-specific
endonucl ease is present in a buffer conprising 218 mM sucrose, 11 mM
phosphat ewbubfoarsébl 7. 0- 7. 4. I n anot her specific enbodi memtus2admssapeci fic
endonucl ease is present, at a final concentrati on of between about 40 U nL

to about 60 .. 1n a buff C s wi.t hin 10%v riati of one or
mor e cc_—,rrpc_—,rlghiflﬂL z‘ﬂ}@emm@f)g%em erﬁ?/hﬁ% Héﬁ%tam%f@r thm ditgnpiahe’|
certai ny3Q eaad| 'cHﬁiBﬁ§ng Ttﬂ?ch'e&ﬁﬁg Q@exﬁl Afd iﬂﬁ&htocaﬁ %lhlftl'oﬁz{lswa%h %te?_%h%& ad to
ensure that the bound virus wl e exposed to the non-specific

endon ucadém@a off epriteasae évgitabouof th@ cnhturamw talee Ebautsing2ocans welldgowinnone

mbodi di h. djt that th
Pooad The b R 3oL 08 18R S ke e P e R e TR bt naen
abouyt  AfrationWragitMend0 0SS Bt WRAROS Be8dibic! B aDAPoncAR dHithakesh | n

still other enbodi nents, the | oading and wash conditions are adi usted to
ensur e mediems ansl the g of Pellssindhg sellpultasey Js sertaip cobedimentss ecietlicglture is

d I t I t
50 T noeBaRE ol £l LEERL il ?&g?g%aﬁ%?@%f*-Jh@@%o%%oﬁﬂu 7 BBSdinRphe, 760

M nut escell@ultade i$ egititedrdd amiighet E‘cﬁe than tiadt ubeiafet pﬁ)@agatmumme @ilsaWhzhaast 90
m nutes, or at |east 100 m nutes, or at least mnutes, or at |east 110

m nut edtighsy agitatiogdaic 19 pwdihnisiceis mqf?ﬁsé‘él??t&ﬁeﬁﬂ e 0% torbRHnPENt i on, t he
ting Ofbe?\?&ﬂsa‘%gt 300, F&@ooﬂ?@@ﬂpe&ﬂ JohFe i 9885 Sbout HRCONGRRLLAIHLRD of the
non-speci fi ¢ endonucl ease and’ t he vo non-speci f1 ¢ endonucl ease

cont ai ri0Agtdoabolie65% amn h)ep@:lﬂ(lm]&ﬂﬂlmﬁﬁr themgnzptiom,ratemsad nitehzentabeutt40¥e needed

to cl eave am nates .t he concentrati on of non-s ci endonucl ease
ARty g SR R e R I R g R A A pe
endonucﬂl‘%%&th'étaﬁhﬂtl%ﬁ@f bﬂ)@ea&é %h%ff%é‘h@%ﬁi’fﬁoﬁ%f k&% th@ﬁ{afd}‘ﬁ?@lf thgol | owi ng

treatnent wth a non-specific endonucl ease it may desirtable to wash the
af fini trylcmdrr@rwrom sattlsng toi th¢ bettony of thewulifirclygssebn pwmﬁmhoahh@nts; thases wil |

otk R o Pt iR s et T b O HinEes Ah R BERT monts, ¢ he

15af fi rBrﬁBbd[rﬁ@ﬂtnthb SclveshedisapitdRd o 4bedt T HprabolefOmemudRd/ or after treat ment
with a non- sgem fic endonucl ease. I n another specific enbodi ment, the

non- speci fil@ %ddﬁ&éﬂ@ﬁ@@bpéln@élﬁﬁzé@ﬁ@ase (¢.8- serineipretaechisraddeiel the ecll

enbodi t a t the
sane t %ﬁlées E?}gl 1319 %Sgtb:ug%?% a}{gf ?1 A 3 ‘i'n hﬁ%écﬁcgérﬁg%wnggté%g%éﬁ%@ﬁ agﬁe(?n t he
Exanpl ewproowidte tnic aﬁﬁﬂffelp@di’te&eﬁs acﬂiéﬂ(ailﬁﬁi tHerlag mersie ahadingagitatidnhelheur i f i ed

i nfl uenza viruses caonprise | ess than about 0.0060 ng, or less then about

0. 3855 Hﬁ@teaﬁ’iﬂs’ll’é§§T%1ﬁéweﬁtﬁ@éf ednm%pnn?gserpﬁ PFRISasCt N LYl HIgProtctg4er #g, or
Iess t 4 s, n about
0. oosohdﬁg @%ﬁ%lreog%agghfe?ln?{' st o Og%é}ﬁg}@ﬂ}% Seegigg’ %5?1 Aptotite (Io%?)’o Qﬁg, or
| ess t hBgphaboat). On @ﬂdtﬁen’ﬂgnbodnmétﬁsmept‘c&easalﬁmm SPePOLX-engrisors dessdbedin

non-s ific en 25Io oFFU..In a s i fic enbodi nent,
The DTt Afr R E o, L1355 BT i s T Bk St B 55 b oM SOl | s s
t hen abpuferd1P03PoM% re@ImbiBSS s&l&%@ 2ROhotht QP R)t&ge a@ded!t6 SEredtRRUCRROHT

0. 0025 ng of "non-specific endonuc| ease per 7. | ogi oFFU. |1 n anot her
spesi f iundenthowi appditions el hoat-lsgé! éKﬂﬁ&s tl@aﬂidbmneleéqblé thescele ha_@m@@ prén certain

aspect tion foII urifi.cat b ra t he

pur 11 it AR G ool h B a5 bl e BRI R BB angea.

Met hodscutg RS dald tﬁ@éoxﬁ@m@phromherwo@aw B?r vayfdfekamyehan gsmhﬁe\f@amemlldascr i bed
supra. In certain enbodinents, the buffer of the purified virus eluate is

exc hand@‘@ph@%@xms nravidedassh bSOy skt Wonidrasnehy basﬁﬁsitat 3 faaheasicentesion

't r ool FS RRSa Pl IO B 2T 1T Dbt S OBl 6hhe ™

DF/30et eddhercat acdlk,usireh asTvD GId\¢alind. a@@&r@dnsﬁfxt@h «’hﬁg:llm@efmﬂeetldth&ﬁ) ﬂnb bl 5

di avol unes are det ai | ed &n t he Exg npl e vided in Section % anot her
enbodi rROASCtEHBRP! Bry@l&voramdsd todet %ﬁ?cﬁ?i OF} BHFEPEHREES 15} 0%

di avol YpBstioR! A

di avol Hrres 18? bSP de}ngglr ?%ﬁ%ﬁ%ﬁﬁleﬁ@%& \ﬁ%glrégng&g}aﬁggéﬁﬁfgg?é@dg? rtloe t ot al
buf f er thotdhwmliung sddtvored abouttthEX operoat D OM2 HXirarrbgtvdiehraboetrit. BY ¢o stmiutire. I n a
speci fic enbodi ment, about 8 di avol unes, or nore diavol unes of buffer are
exchanged by DF, wherein a diavol ume P& the total buffer volume introduced
to the operation during DF/retentate volune. In a specific enbodi nent, the
exchange buffer conprises (wthin 10% variation of one or nore conponent)
200 mM sucrose, 100 nM phosphate buffer pH 7.0-7.4. 10 In another specific
enbodi ment, the exchange buffer consists (within 10% variation of one or
nor e corrponent) of 200 mvl sucr ose, 100 mvl phosphate buffer pH 7.0-7.4. In

. e T T - T 1 Y T



10 formul ated virus bulk prior to sterilization. In another specific

enbodi nent, cGAG (200 nM sucrose, 100 nM phosphate, 12.1% w v argi nine, 10%
gel atin awo26W/3bt60r 0.9% gl utamate) is added to the puPCiusd09ioss1s? bul k in
aratio of 1:9 v/v. In another specific errbodl ment, nonosodi um gl ut anat e,

e R AR R R S S R P T,

0.09% bje%e%]a%ﬁ\{/()’l)(%‘gbcﬂut%()‘%\x o BSREH h¥&110.075R 8 labblt (AR R Gy SPECi fiC
enmbodi ment, the formulated virus bulk is sterilized by DFF as exenplified

in the temml abopr GUI X erlationt BOEZI XrprbeByeen about{(DA2AN tol abomt G PEIIH, ioc

nbodi f f f | t
compr | Satvianbl LRI eBHEb 2% B abdlh SR BReHp 0 gt bR Pl St oy
d! rgct dhbeve. 68X tarabb@. (6735'9; abStQUEHX 8t aHo@ﬁ@.bSXQ&%oﬁ?@fbdm@@ abaxionexa pore
size of between about 1.2 mcroneters to about 0.45 m croneters;

: . (b)
concentWhare & rpgrescasgan final conpayatipr phproteasangedad toutefachrsglipwhichagg edfange
by diafjlt 500 k Da
ol ecal SR G el uREReg Bt Bl Ao REIRRANS, MM E,
chr orratwlgélaww thal1Xombyn alss tppesehi) the ﬁ(lﬁi)wdsmfm‘gefoneamiaaalg eftdydilboh of 4 ovv| ng
step (c) using a nenbrane having 500 kDa nol ecul ar wei ght cut off (MACO);
and  ( EPNediafod;sioskiod RTGLEASE GRg- ng PEYiEse penplisg apr 0K sk frndthal tBlsYorbing
ey arh?oclﬁac\éh 0 RO iRl EohinBhUARNIaRM Qi TR oromet ers to about 0.22
m croneters, erein overa recovery of puri viruses of at | east
30% and wH80%4|n Rdpeodueitild bexd tu ibeatstes st i hargeschlegsartulfimrthglgengraliCD, and

| ess than 0.3 [t CP pe 7.05I0|0FFUof virys. WO
2010/ 038 M0iCH? LEeAIG0 BEl i1 Sebs KEGHFPILIf cpdit HF ere bt HERrSd o ep (o)
furt hercultﬁf‘e%oﬁ%‘i@rﬁﬁﬁﬁﬁ%@@éfﬁe iMhiblorR 0P 2NEREGHId bobd e ﬁﬁﬁﬁize[a%/%?]
Addi tional parameters that may be incorporated in the method of purifying
vi r useslifrinate dhel eed ddrtapreteasn Hmmwecdblalrargersrcala@nmalevcrlalume@smséh@xerrpl ified
'n%he Ex%gple rowd ﬁ | on Galna E‘i F |f|cat|on of RSV

1 3] YHEEPREE ¥ %8‘?% Y ﬁ‘%le%‘i %%asy CRIHE QOETFPEE A e respiratory
synci t i @htributiHg esfallRRY)in fiddgetions AABPRABLADIdRIA Ak facturing processeh 8ddF4] 1 n
one enbodi ment the nmethod of purifying viruses fromcell culture
10conpriFdestiophia freduchivitig Aseapmnsly; d)e ripsent mvelsttqndﬁomi%anqw mgthoatovest ;  (b)

stabi || ‘E ot tﬁ‘&g/s%rté%%hgﬁr %&ﬁﬁ%ﬁ?@p@ ?lbz%u?t“’](’en\?as%n dt’unﬁlg)oB&P{ES%%Q& rati on

and/ or er exchange

chr orratt@glsap hMeﬂQ)IdIs owsﬂﬁ@:tmg ®|9a(( ©)bcad ndnska(ehicke reraiuaabr é\lehtehﬁﬁmmthfeoﬂebd)w ng
step ( eci fic enbodi nent, step ( i ncl udes nultiple
fi1%0r at waasaltl%qogrocwr%a@ H@? Wise ngtlimigds dhsgthod §¥%ﬁ(ﬁaﬁﬂ S her
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anot hera dphting iagere ibhgd EBéthFt) pmat epp@te)ase seqnmerﬁtmaﬁeﬁmluwtet ﬁmgleﬁt foaktmblow

filtratjon. | d | udes both
concent haioaih B diRganonate s o 1ddtict BB RECRe ERArGE B
di af i | t4gattiodh médla @&ﬁﬂ&{éﬁ%‘ ioC deyHnad ichmus an§/b?9a&ede)ledl§nt§)€tﬁ$r@ HIESn M th on

exchange chromat ograph (e.g. cation-exchange). In still "another enbodi nent,
st &9 (cyashriled Qﬂilb@oﬁtmrgtewﬁtﬁ@hnmmu on. Additional enbodl ments of the nethod

pur 111 cat i 0803l HBSEEErPaa bR bRl RSPl Bl af B add Y BB erieat  on

of a Vidhalatil@ay@$ Hircctiyero Glidietel dTﬂdth(ﬁfbf bt e6tedhe titsypesr wake first be
clarified by centrifugation at, 1000-2000 x g for a tine sufficient

to rendditioa)d praepic (& gaerythDerChe & ageitts MBishaes betitizad nghqymethpds ween 10
and 30 S r vel

F11 tor dVE Hh G A0 EBBEL Yot ST S el E ORI RaAIL BB °, g
of 3por e;hsalaes:aﬂmrsg(e geifatigndtMgd).| bve gpasisiegenbotiindie, the Chtﬂatmigl dgentriet ai ni ng
intact cells and ot her Iargep iculate Thi al’lfl atlon step in
the purkPTRafh spmprybedimengyhg %@ﬁ%@g agpy iy %@55 i He c\ﬁf lenltyre gbp ! 1§f3'e0| fic
endonucl 6aseafien 8f LBFPELHISN b8 HAILANEWES] dbddPs’s A WUt 4 mM

50107 38D aaicn B hARDEDIIRU (b3 HIo tﬁ% vi&{r o harvest s PMCered by

di rect HehpwenfabbuirGaf inovi t¢ Bk 3 o], or awech atioth0.& rmdits peeitf2 mMepdbeuckease;
and c) filtered again by DFF. [0177] In one enbodi nent, the viral
harvest is clarified by DFF and/ or TFE usi ng a MF nmenbrane haV| ng a pore
size | arge enough for the virus to pass through but small enough 5to retain

intact cells and cellular debris. In certain enbodi nents, the viral harvest
is clarified



by DFF in combination wth treatnent of a non-specific endonucl ease. In a
speci fic enbodi nent the viral harvest is filtered through at | east one
menbr ane wawhrg3erépor e si ze of about 10 m croneters or [PesgiS2doolobsaded by
treatment with a non-specific endonucl ease and then filtered again through

at Ieas one rane Vi a.pore sjze of out 3.0 m crometers or
| ess. 1370wt %ggr?? gb%ﬁgdrlﬂrg of bgtw?sn phqud 0. Sﬁnﬁf @ratbemelpnﬁ nbEEC AP At § on
proces 51 S %oha[b%gﬁ‘nﬁ\ﬁ Ar%ax/ee&a%om@m%o Riswti AGn ¥, BOB&wSZfo0f 2 behvasn

about 5.0 mcrometers to about 1.0 mcroneters. In a specific embodi nent,
t he secabndt f’r M. bstvegeniahoutt3e) wiMatad dliouad inovl, @rb@@e@@ dbout P oo aboutéast one

e ot 8 bt e PF 1 o Sber 2 ¥ Mo APprare s gl Rl TR Sedgptt, © *°

al oge Qg addedae i datdufiise 48 €indl cohdbntFIRIGR LA RIhiar A fiehi@idditioMmoffthe t er s of
different sizes are stacked todgrevent t he cloggrng of the filter with the
e

smal | erchplgtieg agené thejagllgnbure piehe inchbaiedifala peripd ef ting pabbietthg/ 0. 8

m cr ongeg ilter to
A A N L e R R e Re
har vestagest ﬂaf Bétiveéreabduy 0 bBifr té bsca §P0 anid, |dr$>btvr&ﬁ1ab@ne) havtb agow Joanid, si ze of
about 3.0 20 microneters and a.second membrane having a pore si ze of about

3/0. 8 dretvugsaabont Grithioabgreelmin, or betwepinabegtt Ominde Abaiit 40 él#ﬁda“h?@rﬁe@, t he
met;hod I

no%hspégﬁyﬁgﬂgﬁﬁg%%gtggge eéﬁhgwﬁénzon%§€§ﬁ§gﬁ?€h%§ﬂ% ﬁ#ﬁﬁggﬁx@é|| DNA
(HCD) . 90mmeptabout 1€0maid] erertsgent dboutnhmap@cibbiitcOleman nua:boelaé@ ntin pabment

occurs early.in e 25pyrification of viruse one .enbo t he virus
Pt edbemdionobp s BERE cia el LSl shl St TR Ty kBB 1
enbodi ngke cﬁe%ng'ag&rﬁraﬁg prf Rl thO AMEST of épt%‘ce’éﬁ‘éj Mb&rﬂ; ?’até%%%ﬁ%ﬁra%@%?' sing a
non-speci fic endonucl ease. In sonme enbodi nents the nonspeci fi ¢ endonucl ease

| s pr esﬂgrttatlcpm hayrebdsofdeearibad aboveomd ey tet lermlmd peorwedskdbouhe &t withbutand
ther enbodi crfrc nu se is
o e9enimine perigRpdpcn SRRSO ERbRaiment 5 %07 BRER e SRR o o
about Qiheluﬁﬁ% agdnfl pAoSteehd ﬁd@tlmbﬁ@%twﬁlh@ﬁl@r@nﬁég@t@héﬁ o leRpeuahjease | s
present at about EO Umnm. In one enbodi nent, the non-specific endonuclease
i s presdic miprecapyigrp @pnt@ﬁbngmhgbaﬁ@ntof theoreimecovessbut 10nM Myl . I n a

specific e fer | 59 WO
2010/ 036763@%1 %é‘ﬁ g’%@??,{}mﬁ ?ﬁ*gi%éhiﬁ%% &?la??g‘{gi%ﬂ ‘ﬁ%ﬁﬁ%n%ﬁer

speci f iagljisrddofhir rRMhplet ﬂ@&hd?s/@lﬁilmrhrﬁ pbT 3 et prateasdirivh a[spaci¢ embbdimshnigepile fir st
filter st%p in the clarification process, the non- spegrfrc endonucl ease is

i nédbatieadiitptedh ta prEwesn 3bopk g o w abomr?vepsrp eﬁ%ﬁs wigLmay beytikzedgttshout 4
hours. ﬂr&r&tﬁﬁ%ﬁﬁi 4 bl ﬁﬁ%%gbm{at« Ofred I%ﬁref g s&'ﬁg %ﬁ%ﬁ{if&%?s bR

i ncubated wt vira vest or a out ours. In sti her
enbodi nferal soncehteatonrof ppaeast |add@1rtdcb]mmdllelar$tﬁra ter poubedtadntunides codatdig | ons

adjusted ta gnsur e t ha £.eXpos e . non- fic

o onucitehds SPSEES abqlR b Bbmht o Mo, of B R AR DY feRRo BB o o

30 M NWeBSeenAUbodt0. 1 R3S LbAHR 028 UWrastw&h a%Buﬂ(ﬂ*Xtto AbU0SI e or bRfwedh abs@st 60
mnutes, or at |least 70 mnutes, or at | east 80 mnutes, or at 10l east 90

m Rat esQ 12§ 1to alout BAIH X100 betivgan elsout 8r0748K tp ebeut O 130 Xeer b@we@;t abogh@.05X10

m nut e P t 120 ut es ast 180
o3 afhu ol br Befh AhET029% GioqERT2 S et Gavofo By &
aspect sabefit 6.0 Nkedthér@mboidhferits, 1R Bhal @¥RQREtHE G0 (sfﬁrb@as&calaa@@w thé eell
endonucl ease, the concentration of the non-specific endonucl ease and the

vol une ftureciies pectreameriydghuehedaing agetiaprbu §-098% perbanaA.0BE. aifhest ed. For
exanpl ¢ o0 d?‘a%ﬁ‘(ﬁ%)& Qleabjoﬁt b.05R &ea%‘é‘ﬁ{’o.b&’x%k @Eﬁé& ol G eﬁ%@‘s%mfshe
concentrati’on of non-specitic endonuclease may be increased; ernatively
t 0 301 nithe ﬁﬁalt\h&kmrgmumenn‘atldstom&amleloném of aeadmamdtaaﬁecwéﬁﬂrbm&é (the ati ne of
exposure may be |ncreased In a specific_enbodi nent, the non-specific

endonudrr%ta'g»“é SUBDisshis Snideestpgk). Eoe ribwtlﬂ@ of PRk EAPR TR bR JRICEPBEH Py ¢
endonu 0 renove
any T ooy A e PR M B cchBer R P PIORRR Dl

[ 0180] IMetheds frr moantbou ndhdgadhhenBaxkonas én theeat and indladd miceokcopical har vest
is stabilized by the addition of a sucrose phosphate (SP), tris sucrose
(TS) or sucrose phosphate gl utanate (@&G) buffer. These buffers may further
contain a salt such as sodiumchloride or potassiumchloride. In one

enbodi nent the, TS buffer contains about 2.5nMto about 25 75mM pH 7.2
TrisCl and about 250mMto about 150mM sucrose. In a specific enbodi nent,
the stabilization buffer contains 50mMM pH 7.2 TrisCl and 218nM sucr ose.
The TS buffers nmay further cont ai n, alone or in conbrnatron NaCl KCl
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25 buffer conprises sodiumor potassiumcitrate at a concentration of about
5.0mMM to about 50nM | n one enbodi nent, the exchange buffer conprises

pot assi urwphorpisatse at a concentrati on of about 50mM t oPabaIsR002HESTIVI

Exanpl es of specific exchange buffers include, but are not limted to, 5nM

Trisd:; 7-25%W v _sucrgse; 1 to 150 NaCl : 20 sodi um or _potassiu
citrat ee,xaml%%p\f/a%e Gglél}re%ﬁﬁ/ﬂﬁafé s %V@%ei%cﬁafﬂ%emwwy inacivg

phosphate, b{+ROIMiYorSdHcd RSRascRRitLESalh ab Tindd b%@@&g dift A fBRkdcd he
exchange buffer conprises 25%w v sucrose, about 100nM potassi um phosphate
buf f er aaddreaboediuidrdid@icroqertic? beadsimayathon henddsdde ittfa ailterd balsarent , t he

exchange buffer conprises, 259 SUCK. 0S about, 5mM Tri sCl d .about 150mM
i L b e T R
CoNBoNefkng GRBfthaneRatifibesf tlepandiing aadof Recrtdrtisrsand the purification
conditions to maxim ze viral yield of the chromatography step and the final

filtration [80%0. Tofegdfate rragachnzdnh aedesdugreeth afterpricase dispimengtheviiashl

nar ves b4 ACLARHTL oty Y GRI TR ARRKy B ACS SR T Fponkf) ST
enbodi ments, 1on exchange chromat ogr y 1S bused (e.g., anion or cation).
I n a spediding, waodiimied to, CaCl,pMigdd,, WdOetri@dilahtrmnAbR, dkd @nddditfoher
exchange by diafiltration of the treated clarified viral  harvest the virus

i s fur REFOCBUIT Prady apyaliohe iddeHan e HPEmEr6BIPEEN FOnCPRiraicnn (ofrke Staphy
st g, %dl%@%%éﬂ WirSd®R or Jg@réo@f" ho EéTFs%ét{hfcR ?@m‘f&@@ﬂﬁ&% 'élfe #3%AGn ’T%Q%t 5V e
chromat ography. In this enbodi nent a surtface (e.g., polyneric beads) is

der i vatixeepldrg chncedtribiGidsof GACR, Mu(le M4 dhogeltinenthiAn @i, agd 6f whire tHOvi r us

particles thus allowing the.virus to ss. by the surface. iS,concept

oul o ey ot BuT Peurtb i of SR  Wockib i S paSGain TEFM <l ng ¢ he
Vi rus RALhinGnfd dGAChtPRS QYLK sBpplBMeAiBE Wi THeMAlch 286utSIT S A&L1o gt £8npl et e
chromat ography process is free of additives and easily scalable for use in

| ar ge gubl €a(@p.dttretanarbont0.Vimdo flprut V2eoVINdg € lor and| tetvesm. abput (.5 tedwuenpl at ed

al 16 nat? O ST R o iR, MRk Mot bR ET R et of ne

condi t itpRedlcvichal A | Bagdics Pusdrhd &dbdimemts B cGIRIORiOF RRRYut the origih£1184]
Fol I ow ng either the chromatography step, if perforned, or the. bu%fer
exchandelcrachuicen acisansfarcd do gilarger quipieeessdl belorbhidadnger after shasadditianiofat | on
step. | ' - Il.kzation step is a termnal filtration
st ep. IfgesgEgppg%ﬂgﬂlé&n@%{imptgn%fﬁ}c?%éﬁlr#eégti on filtration is DFF through at

| east one M@6d8]ana ohavmbgdignspMEDEKz&1IS ard cultbreddetsadberchtazdls i aicetuspeci fi c
emhodi nent the filter is a dual 3/0,8 mcraoneter nenbrane. |n_another

, e
spefi f iYStEMpbYltissysteme Whighraey bsutiizsdio qpiivye YIPSK cqlls 1agluduoperamplge
filter r 11CL QMRS e ific
enbodi r%?lcth%u?[ Hree%%egtéﬁlggngf é%%oua?ell#{ll ng SS’rgts%g}srvg%%er ?/ddsltilonl{g?%?%l]mt\g/ :aer S éz%g rom
Vi r us- isofieet @olino @bids, atgrape addled at lieyfaod dephdted)fromaps stasingahatinrhye fegilaatei r al

harvest conpri,sing;, |. filtering.the viral harvest by direct flow
£1tr atg oY eyt Gl dsagition Alteadiveine: nRppky Rehivign LIy RGO a por e
si ze 0fushfgtaéﬁ%aemyﬁtﬂeﬁlsm&htagr%@é@rﬁﬁe,%@Mfug?mml,qn&aﬁ&ﬁ kfin f3kd andt r €ati ng

the viral "harvest with a non-specific endonuclease; iii. filtering the

vi 24l Hhe UketmiyybDPRd thiagiligite atcdivwasichonge wlddrishpplamewatidn ofdapldated/i ng a
pore size.of t ween.about .3 mcroneters to t 0.45 m.croneters:;
D010/ 0Tt uSSE06r aghamnadl SoRTRRR SO MERAR ke s 47 LT D Sirenlsy
W th suerosea babwsniiaé &yseim Withsutthédign esabﬁamgs/@hﬁp1c(rhaﬁg1ﬁdhr(e.§grééd_nfg or
concentrating the stabilized viral harvest by tangential flow filtration

(TFF) awefupen iing feeruufirearmediempd dee Byedioar(eigt, Medi¥ S EME) O shdditienahol | ow
fib ' ' i .of £ 0 kDa -
0 5 b R PO ARE AL (4%, 90hibr ke ML RTWIBRLARY | o

ongoc| arllf magbe dourld, fdrekample] indJ$ PpeneAppliation PhidicagenNab@003/0.188860;

m croneters to abogi Q.45 PicroneterS' 10wher eby the regpirator synci ti al
Vi rus i@oaf?rlilﬂ% anq B yblication VP 0084880 He | ¢ammaplyised guliyrs systems g

i nf ectinibfy fdrichffvalbn ﬁﬁ Mlﬁqfé%elﬁs- izclluQthﬁ‘r%iF\gs@fbioreac£o(1)sl.86] In anot her
specific enbodinment the purification nethod conprises a step of
purification by cation-exchange chromat ography foll ow ng concentrating of
the viral harvest and buffer exchange. 15 6.6 Vacci ne Conpositions and

Met hods of Use [0187] The i nventi 8h further relates to viruses (e.0.,
i nfluenza or RSV) which are obtainable by a nethod of the invention. These
viruses can be formul ated by known nethods to provide a vaccine for

adm nistration to humans or animals. The viruses can be present as intact
virus particles (e.g., live attenuated viruses) or as

i nactive/disintegrated virus (e.g., 20treated with detergents of
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(e.g., porcine, piscine, avian gelatin). In sone enbodinents, the

formul ation of intact virus particles can conprise live viruses that are

st abl e i rwbi2quiadefeor m f or a period of time sufficient tecalusewInssisage "in
the field" (e.g., on sale and commercialization when refrigerated at 2- 8C

4C, 5C, c.) throughout an inflyepnza vaccination season (e.g., typically
from atﬁ)ﬂ‘ Jaflyensa Xprup %ﬁ%ﬁgﬁ"‘?n the northern hemi sphere). Thus, the

vi rus/ vacci onmpositions are desi.,ed t et ai.n their. po or,,to | ose
Vhet s vt orlodio B ekl Bt on 3l b RofichoR [ Al BlafioP BE S5t Sy o,
enbodi neRt, ionIuEBri S (MG C¥IR) Ghl 8theRhifinmal adllsen kdrui fied Bledi@ fdanaiflatfonem

about 2C to about 8C, e.g., refrigerator tenperature. For exanple, nethods
and cormsest fortbaboveorlt ispesifiealiyrgniemndsted thet addationst ewlfuse gendaiaiateay nla | uenza

e Y s L e

enbodi membagedifideingvontdnoogiQgraleidg as adiicrérgecldst, grovah@hbd soncadierane cells,

formul ati on conpgi sing one or nore of the follow ng (within 10% variation
of one BVINERNSPEBHHHGHERMOTPRPIHe SYRDREING ?ﬁenha%til%gzvamos&/wswpﬁe; 1- 4%
gel ati Ny nasrkRY 3 j I,Nn . 1%

gl ut am%gpg%rﬁgg%%olggg\ggg?%ﬁ]ﬁ%% 8{%3%% )zg%'%j C@%%Ia %E%%moggﬁéﬁ%tﬂﬁ%ﬁﬁ%gp jat e and
80- 150 amiVloniagt¢nwaliadgto high titer, 4.9 18 8jg:d RCHWe/ ndpaci/érn aclogrBddl/mbnif at tdasgt vacci ne

fornul ati on gonprises,on r e of t foll ow wi t.hin 10%vari ation of
ondJor boRE7 EGHab rascapSies Guar aF lifstahat! S, Shssdilftke 5ohditpt i But

(opti ongk liphifed t& tRNGRRRAIrAIRMEARIfac@RE] d8RitTNeRpSlabidé, (0, ddhcanRkiber

speci fic 20 enbodi nent, the vaccine fornulation conprises one or nore of

t he folthghphgl quliitation, agigsiomratest digsplofd aygeweomertend ohlponent ) : 0. 01-0. 1%

gl utam c agj| 0sodi. nonohydr.a - 21-29% ar gi npi.ne; 1% gel atin; and

. 056 sucr L0 ERSREGHTLP IR f el A aLPR: v Eisiratnt s

t he i nuRiAtHe0Bf Wh@vio dpEmizd At Bdiah aF MDCK aklle(/aciin@niodipbhit MIDOR &URPr i si ng
one or nore of the following in the final formul ations: 25sucrose; 6-8%
weilght /Sushadeptatigng mayzalsg issHeIFoRSRYErB d Rpflerdion of wirgh atehple gnivérugei d,
nonosod) y 9 i } r ; cine Type A
(or ot ﬂa!g;a&s%ﬁ)rg@gépé%%ﬁﬂgs&g;sg%a}ﬁ?et%@:éhg%f\oé%dbgcﬁ%%}ﬁ é/vﬁ(?ag@(l)% Eg(%?i um phosphat e
di basi cAlter2®ivehn thopaitassionditiphe sk bt adamedloasgitienife A6 pidduetion of @LBRAE | N one

speci fic enhodi nent, the vaccine fornulation c rises _one or nore of 30
the f o|m@sﬁqﬁg‘¥qr%”§9?€§é?ﬁ%wstﬁ@}e%$a@§f9r¢ f ginavth e ;Ce'_i%- JhtRalture
monohy qi,ag#bRY ndRidd baLde WoVlim 8L dHoAMhEreAL i caRRA O] %H@@%‘E’M@@@? 0. 094

w v; gelatin hydrolysate, porcine Type A (or other sources) 1% w v;
pot28s sicent @i pinatehaell dasiltevation 3ssobed oppgasmintomt pibisiphat e nonobasi ¢ 0. 48%

wv. In an ecifi nbodi he vaccine formnul ati rises WD
2010/ 036760 PRI LI8 868 FogaTsRaE MK salla (6 nemierenirabsX eTBRR °°°
wei ght /et dt WO » coRb&itRHBE o MRNSARY B9 06Nb Ot L€kt 3o 23 %61 WeastBMtAFf Gt aci d,
nonosodi um nonohydrate 0.094% w' v; gel atin hydrol ysate, porcine Type A (or
ot her deast d%spr albatigast Spoerdsit Inaststiospivaeelcait ids o oflatllgas 8umdr ploatdenst um
phosph nonRabasi.c 8. 48% wiv. 193] In another specific enbodi nent, the
vacci n?of”oorrr?gf‘gef‘%ﬁoé’o%P?a\gelesaS%m?MOf the fol lowing (within 10% variation of
ongsor nor §0CeATPAARAE kinbsdiglcas the diss8KAd wey@ht(DY|conEnlwdion (pCBHAIUR) ke
nonohydrochl oride 1.21% w v; tgl utam ¢ aci d, nonosodi um nonohydrate 0.094%

w v gedxentagaeyely segpdaeddurig Be eltivgiinn of NIBCKorkis 1 thgrraras)frome iy ynd

Pot assi 1y PRSP fe diriaRlfioh). bPHnREH 180LATHOUN RNASRARL eRARRARIE 0. 48%
w v. | n another speci fic ertbodi ment, the vaccine fornulation conprises
al | of disselvicd lokpyann(@ d)wiohintrafiO/gprvahic) dn aitasw 8% or adeast 2QYspare héakt
sucrose; 6. 84% wei ght/volunme (w v); arginin nohydrochl oride 1. 21% w v;
gel ati Q“(gi&r at i;?%%iég{% BHRIF#E 6&%?‘3\ S??ﬁ%%?rﬁg?ﬁo%ﬁ‘b 61?%1‘&9‘1\9@“‘?1}11% uch
emagdi RALSIincH Al 5oY.atlh @ BartRhfar ERbOUELRL, DO is fIBwPPHERS k3 50RAagRRAt e buf fer
(pH 7.0-7.2)). In another specific enbodi nent, vaccine fornulations

conpr i geainfaincdfat thatleydl. Nd¢thodsi logmawitaihing O devebrindtde forafxampl, spargog e
corrponen.g[ . sucrose: 6.84% wei ght/vol une (w v); arginine nonohydrochl oride
1. 21% WV, PYFQEEH e aci d, nopnosodi um nonohydrate 0.094% w v; gel atin

hydr ol ysate, porcine Type A (or other sources) 1% w v; potassium phosphate
di basic 1.13% and pot assi um phosphat e nonobasic 0.48% w v. [0194] In yet
anot her specific enbodi nent, the vaccibhe fornul ation conprises all of 20
the followng (within 30%variation of one or nore conmponent): sucrose:

6. 84% wei ght/vol unme (w v); arginine nonohydrochloride 1.21% w v; glutamc
aci d, nmonosodi um nonohydrate 0.094% w/ v; gel atin hydrol ysate, porcine Type
A (or other sources) 1% w v; potassium phosphate dibasic 1.13% and

pot assi um phosphat e nonobasic 0.48% w v. In still another specific
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[0197] Cenerally, virus or viral conponents can be adm ni stered

prophyl actically in 15an appropriate carrier or excipient to stinulate an

i Mmmune r espanp3seci fic for one or nore strains of vir@sT/URg@oOs$15y, the
carrier or excipient is a pharmaceutically acceptable carrier or excipient,

such as steri ter, .aqueo al i ne sol uti ueous buffered saline
sol uti ons, ah‘tﬁj oSS epitetipp ebeliitresisnera @aﬁépagg@éérarmg LPRB AU anol
or corﬁqh @atntlﬁ Sin (B4R Rnbodfigenky, apaﬁatfaa%tngt S a0l W 4 QN1BcuIfisdHol Bluce
sterility, isotonicity, and stability is effected 20according to

pr ot ocdbsmw@t Aolti-Sawng sechhaisaful formrmnalllmcellacuhalrerarearemﬁadelxcnbtﬂlmtit is

sel ect to mn c_and 1§r esi e effect and to suit

Phe o it & e e S & SR R TGS Tov Mg s ol e

i Nt Banasigha, MldGthers. SpecifiahPifantBg beid in¥ludt Bet rohoUliBiéPRd, Aatifdaroehy! actic
adnini stration of the viruses, or conmponents thereof, also contains one or

mor e adimvisiensardoFoanAaiarThgntapcsiffmgmbodiswnb fudifosn & Emalsionfis addegdo
antige

o unt ot Fodirb &Sy gl P RELE R WG L ARE R br LS s P Bl Ao

pl ur oni T,soqxphy@t Betweoh Yieout 60 ppmpae pbowtesH) pphl, odbetvge st bﬁ) ppRIt laBinarns)
Bacille Calnette-CGuerin (BCG,  Corynebacterium parvum and the synthetic
adj uvaritg, esbetzrvealhabcmfégppmwbyutdéﬁepar 1§, ce%.le@mbedrrm%t SENBIREMERe

adryjpni %étetg addbd%o ML DMy HhidGd &fhc%% BT SRR ERG daJTHGmESSPONSE
speci fi or one or nore strains of "influenza’virus.” Preferably,

adm ni strtadiroentgfthd drei-foanuseszcet iscidisd @ the odlact mediunmpaioreo rtl&sq:ohiitm ofDosages
and negpﬁgﬁ%fgﬁ eliciting a protective i Mmune response agai nst one or nore
vi ral i e known to those of skill in the art. For exanple,

i nactivate 01@I|qﬁ%ﬁ&hEﬂ&H@&ﬁm@ﬁeﬂE&@¥6ﬂ£QchmHéH%dhﬁ@gﬁﬁQBr@@QHHnﬂﬁbn

2010/ 03676 PCT/U82009/058157 1- 1000 H D50 (human infectious dose), i.e.,
about 1d%he n@stupfanigepic ALEKS eilriiiggulaict siuripg cultose adns mithe eangd. from pH

i IRou DAl B0 Rt i i ot B Somnal PRt it hstifhelirutoBi BT e Rhg e

adj uvanfulturkyiédiamliy at 4666t 61958 avhbdut B, 8elhtlHHETs B drhi Bbdud79, bang®olesed on,
e.g., age, physical condi ti on, body melght 5sex, diet, tine of

adni ni strehebasih 7. Yapiatebpel 7. Glar st @latut 7 Scoiontdeasth. Iraopit¢uastambogieent s

f or mul ﬁiS he%uﬁ%%&? tgﬂmﬁgytnrstered e.g., by subcutaneous or

intra scu ar 1rnjection using a needle and syringe, or a needl el ess
injection c[embs;e InAl ﬂlﬂheﬁ&tmboaimenttMBGIaealsrwe Ewltured fmta' semrh $readadinins ber ed

intranasally, .either by drop e particle (greater than about
10 %M crtgwyem&n & BriePeTAtuge ?ts%-i 9 Keshiy S&Fe?r/alf}r egemphpter éhaértgﬁ of the
above r y
responggﬂhﬁﬁ?rgﬁéggfhh%%Fﬁ?égfgiFgﬁhgonpgﬁg%ﬁﬁgh&gﬁﬁ %%gﬁg It e |citing
mucosaltummrpeni¢ MIACKickBs siay be rgfovemttry 102 °C e proffiferation af teragls achbart a

intrangsal adm nistrati at i .Us vaccines are often
preferrgﬁer@n@emngﬂ(%¥tgﬁua 1§g5ﬁﬁ CHﬂ%P YaCC AL 2Er(%gsensitive
r ecombi\RARS. 19 hndtBETSMoliaint] tAE kéll’srh%@cthrétﬁ at MBbEragifrd Hpteast @R 364 CBor of
protective i mmune response with a single dose is preferred, 15additi onal

dogagedessdharbel *ddrer of ssethed 320 ¢, ohel lessrtkannd3°di.fofr of s thapd¢e C foothachi eve t he

desired hyl actic effect The net.hqds adapt r any virus

ol uai NG BaEY KBTS TP, 10 SRRy Ra0 P ate ETRerae ged i1t tenza A and B
st r ai NgpmpHafuRdyKIPi T, ws83° (i @mm ws@S@ o BUTEN fIFER AHHBE LTI OF W c it
pararnfluenzaﬁ% rhabdovi ruses and fIavovrruses 6. 6.2 RSV Vacci nes 20[ 0200]
I'n one "e#diodli e AsDecHicaBbadmenehsicalls aesuliued 8bs tagtpeeatitgiof Bag 286 Phikane

respon%etzoéhﬂ;tl gyp&%ﬁkrn&&%?r|5|ng adm nistering to a subject in need
t hereof" an effective anount of an imrunogeni c conposition described herein

thao conpri[gess]a Thiceraiateirbotiatents, MIDCKI eetls wierculuilcd iga serRﬁM)ree 1|nld1$tﬁnﬁﬁf

enbodi nents, the attenuated virus is a chlnerlc Vi rus. 0201e ﬁg specific
embodi B INYeRHQNIa R SHFrCAeEichD lareéctr%f dRlagic single pse glassor snlesriisrt r esponse
in a mEablfolacto) MHEHYor nfREPhlat s B B&AHOGohP ¢ Wg%k i n need

t her eof an effectrve anount of an i nmunogeni ¢ conposTtion JES bed herein
t hat capppérstse, agitatdnentcapdddiReWedlaxygepd?®), Oulaad CéEhifdk mtntare mbitored
attenuated RSV is rA2cp248/ 404/ 1030ASH, [0202] The i mrunogeni ¢ conpositions
described herein that conprise a i ve330 attenuated purified virus may be
in the active i munization of a subject. In one enbodi nent, presented
herein are nethods of preventing a viral infection, conprising

adm nistering to a subject an effective anount of an inmunogenic
conposition described herein that conprises WO 2010/ 036760PCT/ US2009/ 058157
a Irve attenuated purrfred vrrus i.e., a vaccine. In sone enbodrnents a
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conprises a live attenuated purified RSV. In a particular enbodi nent, the
attenuated RSV is rA2cp248/ 404/ 1030ASH. [ 0205] The i nmunogeni c
conposi t iwo20teseTdbed herein that conprise a |ive atteRroatusdomossist ed
virus may be used to induce an inmmune response that results in a 20

reduct| in vir iter | sub ect. In one enbodi t, pre her ei n
are net /dP§ Carrtrqltéﬁuiﬁl AL ?rﬂ linP’étr {hﬁftelap?fﬁfﬂlfﬁsls.mﬁl%taglﬁgﬁﬂl&twe%ﬂsﬁ §‘%€
adm ni sbgphhRG2EN drwyagm& BATRPSIut chﬁﬁﬁét{)vg@rgaﬂb%f 850 hhBbuCRAE! | ses a

live attenuated cell-associated virus. In sonme enbodi nent, the attenuated
virus ils acspﬁcnﬁc embodimeat, $lgret@n1pm@ttecrtsadaln'@med aprlaehtieden ebwtr%%(i ® et hods

f dy SV tit t

naran) SRUoEEreen FRbofiBER: U5 il RlS ge el fuB T TroTouc Bt pof
hergin rbﬂlatln QAPRIifis embadihickea ghiienyabRebaBdYis thizd BRd thie Gikk F agitdtiRdiiyrent
the attenuated RSV is rA2cp248/ 404/ 1030ASH. 0206] In sone

enmbodi ra#nkincgdpt betiveen ploat gﬂmjahoubﬁ(mm babgehiabow SR sbautdA0 aeBcrlnbed
her ei ti fol :

Eobr o GTLF SRecI Ppadh o e ABBISGLIRY B) ith Ul p DR Rl i

appr oxim#heined 20bétakeh sourds®td dboat 0jpas or B&ekah hiesigedd hyatiohe 180 tpus
relative to an untreated subject. In certain enbodi nents, an effective

amount dFitaEAN et e el eé&h’ﬁB%qn# W?Hémﬂé@d’il thsett. nEeeype skiesef t he duration

and/por KeLht Wil 9 It Mﬂﬂ%ﬁﬂ% I 3.l p@ssoci at ed
virgs J%@éc{?dﬁlﬁﬁdsﬂgrectggsg%iequent In c?g hnyhgﬁgel @a5500|ated
Vi rus ragitamn/mtetto h@mﬁm&de«ﬂmhmeebsll gﬂowt]s @mréomnbmﬁtmnﬂslamage ef fective

anmount of i c conposition her.e i ncreases survival of
b et o o TR HRRRS R Corabthacys inf ARG MIFE kel Rl maiT iy
unt r eatiRely &ARILEEL 64 td @Ri]IQ%mb&HH@H@@&h&n@@ﬁﬁ@ﬁbﬁ%@@ﬁnﬁ@ﬁﬁmhkﬁg her ei n

that conprise a live Sattenuated purified virus may be adm nistered to a
nave sdbpexmabowéi$uadxmbyécmdﬁMHmﬂhéﬁwwmhm@eenwamdnwtmnboubeuaﬂmmy

i nf irus of i enbo i. nt ogeni c
corgos: 7 S bE Frii Bheskths THARRLorsPn 3800 SRR usei s LEREAFHR

cel | - as9@GhA RN infaySHeripywoe t@ﬁ@dasééﬂee&amoah@@asﬁe& uRkeEle thatwhae at ri sk

of developing a viral infection. In a %5e0|f|c enbodi ment, an i nmunogenic

conposiit mymmteiaed ringerprivarasomboriment dieon sseﬁalataurie@éit abpui /e rtherdlimaevemay be

d AR

f‘m[“eg't Isoﬁ{rS e&@ sg; P@X%cﬁé%h& n%%@&{ll}é §c1ﬁ]e§ afl E?%‘?E%F’N%%H"‘ N3RiCO;,

r A2c p248d,4004) d03RAGH. [0208] The |nnunogen|c conp03|t|ons descri bed
herein that conprise a |live attenuated purified VIFU%»é? be adm ni stered

to28 subj ed019¥atinld appthcy aRadimetdhe aaceiable dangetar fSé%eé\ﬁ%engqbeutp
subgr ouRnQh aB& a5, Oﬂ‘n aldpBeitik gﬂl%oa’ifrne'nf'tﬂ?erE@toftlll@ %E’IE W mai@fired
i munogeni C COprOSI ion1s admnistered to a su ] ect that as previ ousl Yy
been |nﬂbc@&ﬂnubmh3é%MDmhsmdm9acmmfMEmeﬁW%gﬂmamﬁhaumgnﬁupmbomstmanmathan

Uit 090t BaFASR bRt ipoefSon I8 tinOHRHERY R it RG g b Toobs '
coNpPosidniighe ﬁ@%ﬁ%y Q@Qm@erd% rarsﬂﬂ&awrpwﬂeéﬁ&nﬁnéd réeelqe ke rsu%) %&he%ﬁvls( e.g.,

r A2cp248/ 404/ 1030A is adm ni stered a human i nfant or "human i nf ant
bor2a prreatmtameél yhe &rm@lh@meénf@odxmm,, byaﬁpargmﬂmgkmectanmﬁplwllmmtn

descri reln t.hat | i.ve tenuat.ed RSV

ocnodss 08P ST NEHIER oBal A%t YRR SN Eofirerys hecpe.

br onchop rasO RMmiaifiERH asicss the® BRIl /ntig andtilicsieasmboit@eNkh tahstant

i mrunodefici ency or acquired i munodeficiency. In another enbodlnent an

i munogdei#l Bow s dsMeingAnaidler 49l mapband Msgdias supphed fosaingen hedlost t enuat ed

anot her TSR e e B B B A QPR S R RO

comnpr i sesintairl the ®@hiepdat ed RSV (e.g., rA2cp248/ 404/ 1030ASH) is
adm ni stered to a _human c I n anot her enboq}nent an i nmunogeni c

hij
conposi ti ord H‘é"s]chh&éf@nW@F%‘ﬁl glugqsas sluigming. Lackate offey mediuny pompaenisats Vel g. |
r A2cp248/ n i 0 | .
[0200] e e pa T e et Mo 088 e
herein that conprises a |ive attenuated RSV (e.g., rA2cp248/ 404/ 1030ASH) is
adm nistered to a human 1 to 24 nonths of age. I'n anot her enbodi nent, an
i mrunogeni ¢ conposition described WO %10/ 036760PCT/ US2009/ 058157 her ei n
that conprises a live attenuated RSV (e.g., rA2cp248/404/1030ASH) is
admnistered to a hunan 1 to 3 nonths of age. In another enbodi nent, an
i mrunogeni ¢ conposition described herein that conprises a |live attenuated
RSV (e.g., rA2cp248/ 404/ 1030ASH) is adm nistered to a human 6 to 24 nonths
of age. 5[0211] In another enbodi nent, an |nnunogen|c conp05|t|on descrlbed
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chimeric cell-associated virus may be used to i nduce an i nmune response to
a non-viral 10 antigen. The inmunogenic conposition described herein
conpri si myoaoioozereat t enuat ed chineric cell-associ ated viPCuaISaey/obsasused to
deliver a protein, polypeptide or peptide of interest to a subject to

prevent apd/or .trea di sease. [ 0215]

Pt r odugH! @ﬁear}lpmn@&enw@ E{hnnsﬂéum %ﬂmcvﬁ%&?ﬁg@wﬁw&f S8,
descrlQﬁqmgeﬁ@ﬂgwmﬁgﬁﬁﬁmbﬂ&{Hd,UHQH%4are not limted to, i nt r anasal
15intratracheal , ora pul nonary, intradermal, intraperitoneal, and

parent eg. 34 (ResPiratdriytSyneURE ViAls, CilfireaVanntens and subcut aneous) routes. In
sone enbodi nents, an i nmunogeni ¢ conposition described herein that
conpri ses dﬂluueIamh@amﬁted&o@hknﬁs&&uuateﬁmvdbuhﬁnaﬁ&dunMM$uemﬁd V|a t he

nmurm rout e, of n of the. virus. CIfC embadi nent
i mmanod&incéted e@?f dglﬁ’f?b‘} tosé}Cﬁtha a|CpRjHn a?t?]e‘ﬁﬁﬁ? sell R ( Orgexam@%?
r A2cp2434 4 Q411930 ’3§Hlltdr§d AOVD JYERL @ﬁ}ﬁ)‘ﬂeﬂl@fté@@ﬂ§ abiNy 1- glutamll[lé)a?rfhﬁﬂ% I'n
i mruni zati on procedures, the anount of an i mmunogenit conposition to be
used andDLOpat appmxuman’elyoﬁ €(}1hécﬂmthlemblb Icelbemdm z&rdmeﬂe/uhbh)lytyas mlysiral. dn a

skilled in_the_ art and T‘ € E, ered. reference to. the i mune
r espons8ed e cmbesigsal cel St%rﬁénfsqte Hathg aéi?@lat dvigis siegierGeRaig e @efent , a

human i\Rfia0tell OHARR a!cﬂlfca&{ mrc'ﬂarﬂﬁfc”ﬁ{ Wc?a@é @Jbl@c@ﬁcdﬁﬂﬁ@f‘ap%%@trely Bs
adm ni stered a dose of an inmunogeni ¢ conposition conpri si l'ive

at tlénuat B cRbwtigsee gulfure ARepler8ndio 4 080ABId)y ¢d béfereha ccltseird mafe:t@f withe
i mmunogeni ¢ co Siti ri ses r t el 25.t0 200 FFU of. he
L oo T B Gl B o Rt SRR & P e s Snt e s A o

pfenatQkﬁbﬁmﬂkﬁ%pﬂ%ﬁﬁ&n&9QQJﬂfckﬁyﬁQﬂb@hﬁ&@&@ﬁeﬁndﬁﬁﬁmﬁﬁméﬁvFﬂﬂ@ﬁogenlC
conposition conprising a live attenuated RSV 30
rA2cp2481181/0815/@cgbwsn}issememeasnredhem@ocg éfVltCﬁ cpmmmﬁge@hle@e@b@fpwedlson
conprls X Lel r QX 175
FrU or S pReR C R s Bt AR IRk, o ARG S o ARRER RISt

20118/ 036166 BT, éddﬁ?@ﬂz&!p@&ﬁﬂﬁt%ly 1 x 10f 68/ ssudcusarey s adpreximstely2s € 1ddses of
an i nmunogeni ¢ conposi tion conprising approximately 125 to 200 FFU of a
live atquHU&%&umvveeeb approspegsely 8 /xh cebgssappuliye yessehpsevedmaily hunan
i nfant, SR EBd I yBRt me

enbodi rrse%tls E/U'S&glgggfsm%get 625| nnﬁﬁgege%}n%[ gr’rgom tlllc?ﬁglgtlretg lsaa n’?gt ered 1 to
6 5 rmrttelfnmael&ra:re orfe@ed oith2 cﬁbmsslmiaamh\ritus dlescrrbeémexeuf ilo aaothodi nent, 3 doses

of an i eni ¢ conposi.tion co r oXi 25 to 200 FFU of a
v GATE Ry g I SR AR LSRGt ) X 4 o ieStbFEd ot ha
hurpgn i Eﬁﬁﬁmat@ly@’@dg éeﬁl&@@&uet&‘a[tﬂrelﬁlfeﬁééﬁta%ﬁ)&}fnﬁél a DyereR b addkeiigremont hs

apart. For exanple, a first dose of an immunogenic conposition conprising
150 FFU@&%lappKvenatbehméﬁedHRSMméeugmeVﬁﬁ@hpz4&wnﬂmmﬁ®$@Aﬁﬂb ¢a@lsBsuc

d t dt f th d f
unogUl e EOmbERT IR I 74 g 158 BRUbr (el PERA vt Bipdedl
(e.q. <WﬁggQ@ﬂ&ﬁé&é&&&%@é@ﬁ%nbgi@Q&hnlStered to the human i nfant at

apprOX|nate nonths old, and a third dose of the inmmunogenic conposition

conpri si ng [Q¥U]Fe@neﬂtlnlney|0if weetiond YIAb) dlept REeteraningd tole@@prszfondw/ 1030ASH)

I S Hadm sler i Nl 156. 7
Vi r2§s escrﬂ1 e Ceﬁg bgllgf& % eiléFg%lsSs gﬁc ?3‘5“35 v%ﬁﬁcg(ﬁﬁr‘ﬁy %?Kél %f atq;@r zi‘llli%atgdlc curring
virus, (RO00IttagpprioZ@chtsty us approgimatély\Vi.0003 tor01085 edudeyl t@ das lﬂteeceul@ w
|rrad|at|on nmut agens, and/or assagg@gé a reassortant (fo

cel | - aslsseribed darein. r inswethar embedimiea p MO afrmesymatghy 80013 a@@ﬁé@ﬁé%lw y

engi negy Ghs\dr ag d%glvofﬂdovﬁgs AP8& %%\b%ﬁk hes%ﬁ ofhatid I%tk{e F US€ES

i ncl ude respir ory syncytl VI rus neas es virus uenza

Vi rus, dmthnémamMO/Ildfupprovcenerteiylmlmespmwuma&sky BI0DY, appemtimyticly @@/ 5sarch as

and SI , an oviru er t'veI a cell-assocjate .rus is a
DNXOVI npgr %éi&a%? @smfﬁ%@e St dehergne iz‘a Rt Brrer@&dﬂmees%c. at ed
DNA V! NUeRSf h bﬂ%t&fb@@saﬁﬁéﬂ&ateEWm% %&ﬁn&{@l’y‘iﬁ §r é{ip%&é&@tel’y 6Y3s IN

certain enbo ments, the cell-associated virus pufif a process
describeddhemémnﬂandﬂcdmcnhﬂﬂumed hnaammﬁkundmmbgemlckﬂﬂnﬁegpﬁmunmdescrlbed

her ei n cifigc enbodi nent, one or nore
functio 1%@@%%P?ﬁ?ag%ﬂﬁWﬁsghs5&#&ﬂ€%?@3ﬁﬁ8§?ﬁ%n and/or synthesis are
defective in the replication- def ectivédcel | -associ ated virus. In another
enbodi nent, one or nore functions essential for assenbly of viral particles
are defective in the replication-defective cell-associated virus. In

anot her enbodi nent, one or nore functions essential for 30viral genone
replication or synthesis and viral particle assenbly are defective in the
repllcatlon defectlve ceII-aSSOC|ated V|rus [0219] In a speC|f|c
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the PBl1 coding region. Segnent 4 encodes the hemagglutinin (HA) surface
gl ycoprotein involved in cell attachnment and entry during infection.
Segnent 5Swernoewdsse’ébhe nucl eocapsi d nucl eoprotein (NP) peCyaspaodssist he
maj or structural component associated with viral RNA. Segnent 6 encodes a

inid | | 7 d t 30. mat
ot e s, - BEIHnd b wcisg «fes T P s e ek TPTORTG GH et al |y
spl i cedyofANAR ureRe B&NMitichs]R ‘f%t s d8spdNRirea e, Négdltléﬂp afPP} thdc i raﬁlgr\?\%ﬁ%e eins,

which are translated froma atively spliced ARNA vari ants
2010/ 0367 BORCAT liusSeeen 088KET!t in optinid) 3x2]s dtherusitiggit Fgeerompls ddgrentlss of

fl t
o tho FRACAST RSt Rbdh FARE 4 A MR aRy Shir e s e PR B ot et m.
SegreNtm&lign R fFo k- ccﬁigemgba@ R0GapsIemeRRd WAthRS @MLrglaﬂaﬂuﬁMdNB protein.
Both proteins, NB and are transl ated from overl appi ng readi ng franes of

a 5 bi Soeubatedrai @pmﬁzNAlat@eéﬁ%for’ﬂpmfommﬁttluéﬁz?ayswah@d @cldiers thevoryyist ei ns:
ML and M2, T | d NSL, whi ch. |
U ans) dHEEFAoM TR FPeFERGURS ERACC ARG HER ol R e et B om

spl i cedn&iRdRdIVBF dpidximately 8 I PLSysBeATS Bctvaiib ivhdri&es. ah gpRifaduced to
i ncorporate selected hemaggl utini'n and/or neuram ni dase antigens from

clini ceﬂmbosien%ﬁt%sRS\ﬁHtfh@e etsaxe ingpbages @pp}pmemafm{t%éiﬂy%ﬂor%fﬁrﬁbla’l so 10
cal I ed s r of
cor o P EBTHRLYERR, by obk Merd i R ER R ER R o g

ca A/Ardw@babf&théelrag]g hagveBednn Arbor/ 1/ 66) Clher strai ns that may be used

as a master donor _virus .include, but are not_ limted to,
A AnnAr bor /1816Y, Gell-srogistedy Barmfrdet cills dayaribad h@fﬁ%i’oqa@&/%fiwl’;# in any

Al Puert / 94 HéLdf! 55,

B/ usswt%g?f&%&é‘ge %@E?%W%ﬁ‘?‘%l?} ﬁ(}?i%/qg%é& i SO“FJ()AE@%&%E e{r:éﬂof met hods

ar e usefsdcidtat vitdseinfpetedreatls ar cuftuneéals?felﬁtﬁmskswTaQésﬂaskscIInldtheg egg- based
ods nor e rec ntly.cell. culture t hods . See, ., AP bllcatlons
183/ ci—‘@wgfne% g oS iR T INGES CUbUEein Fer. %héeﬁgf bigs.

6, 951, TRer Gtk Sy PRAIRDL vARBLT Sk LRRiMNInbolih ARDB LB kb ARE R, “and

11/501,067. It is 20 contenplated that the nedia and nethods of the

i nvent |1of¢c®deell|$@€@ulttﬂred it 4tdegpt H6QA mdmodfing molumenpbentiottissedn  spdeift ng, but

not I|mt nf ue astr clos reassort ant

0) uselmidib i, e Sl Aot R e R B P e b T R B AR R b 6/ 60,
ca B/ AnR&baubildHbrol lRRBsttlE! B dtherd dmbodlithents, hEd c&p@%@aﬂhebﬁds-m@&ed ok the
medi a and met hods of the invention are useful for the producti on of

i nfOuerfraculiwrediasl0 litas |1 G ditaig2¢ bigs ey hist tissue qulaye voshlsy ihethehe or nore of
e ol e RO OISR S0 EPRL AR PENS LI AfhurciTh d ALY Ll A 0t e
Reassortan assl| ca reassortan ques, for
exanpl EhthytlsIS@e uﬂfue@ws@dsls rTBid’tbd’:‘enﬁfodﬁﬁéﬂtQ nied ¢eyl-dyyoqiatad miras- rnéawieceﬂleefem ques
(see, Publ i cations WO 03/091401 and WD 05/062820; US Patent Nos.
6, 544, ureg, “62@0 btep, 508 Igeror 1840 liger ggsmeagburegesssts: glie tissuogehtugpavessels

5, 824, , ent
aop 1 carrnBdiiRed it REQs P L ES Jub Sobya Aty dR3e A uRRL gy Ras e

20(25026616%toﬂﬁ€)5f)§161656&paﬂ0050221489 20050032043, 20040142003,

20030035814, and 20020164770; and Neunmann et al. (1999) Ceneration of

i nf | uerfehProduction of YiaceimeMatevil cl oned cDNAs. Proc Natl Acad Sci USA

96: 9345-9350; Fodor et al,. (1999) 74 WO 2010/ 036760PCT/ US2009/ 058157 Rescue

of i nfl uend81MlviTheereseaiinyervriiavdes loRust methogs fof thy graglgien@fapruseing mann

From e St Tl san o B S G e R PP b st wieTh fEe8, " v
Hof f marviruaesd Imbﬂtcelrar (tROPRYent Winicdiioeptov aleaimeRNs o therprodseidirgfohfjuerase | |

rg scri.pti on stemfo t he generation of 5influenza A virus from ei ght
m ddt S%Slo tltﬁ@lﬁm A AN PEFHIZE ORfuPP $ohpascue of influenza B

V' ruses frqm%]mlﬁ%ﬁb @ﬁﬂoo@i%(e%? the n4e1tﬁc3d1fo¥%Foh@cm@%%&é’wrﬁs%@%&%ﬁ&@fﬂ% have
been generated by plasm d rescue in MDCK cel (see, e.g., PCT publication
WO 2007blow®23tepang and Duke; 2007 Cct 23, J \/ rol., 4: 102) 6.7.2
Respiratory Syncitial Virus 10[ 0225] The net hods, processes and

conposi tions herein are particularly useful for the production and
purification of RSV for vaccines. Any @r oup, 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 i mmunogeni c conposition described herein. See, e.g.,
Sato et al., 2005, Journal of Cinical Mcrobiology 43: 36-40 for a

di scussi on of the groups and subgroups of RSV. In 15 one enbodi nent, the
RSV bel ongs to group A In anot her enbodl ment, the RSV beI ongs to group B
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5passaged (cp) nutants (e.g., cpRSV described in, e.g., Kimet al., 1971,
Pedi atrics 48: 745- 755, which is incorporated herein by reference in its
entirety)worempssmbur e-sensitive (ts) nmutants (e.g., RSYCTAR209RBISTS- 2,
tslA, tsl1l9A, and tslC described in, e.g., Crowe et al. y 1993 Vacci ne

11: 1395-1404; 1995, VaCCI e 13:847-855; ls et.al., 1971, J
| munol . 107(319@??@*6“%@'@% 18 aSerump-| rf]ree Galtwr ﬁ‘éedi%g”l?ﬂ : JeigtajyRg Onc

col d-passaged 0t8PR&N@ELERIRPDAS hélbé&é‘d fr%ttﬁé gt®db %Hﬁﬁstﬁl% &J-an agi@étﬁ)%WeAfOAf
cpt s2481 255, cpts 248/ 955 and cpts 530/1009; "see, e.g., Karron et al.

1997, J I nf ect ofbgwearghoutt PE ami3HI0, l’pemd p@bwfétetw@nl apoetrfgd meghoat 7 8us ant S

(e.g., rA2cp248/ 404A5H, 248/ l and 48ANS2
Goser i bed i ne. mperagsor BERR dhodt 35'c gy e ab € iy el ety B8 9381 110,
Wi sehead et ab@tweéﬁg&utgs%\.{bra%ut 108%:;3438-3442; and Collins et al., 2005,

Proc. Am Thorac. Soc. 2: 166- 15173,). [0228] In a specific
embodi ment, (bhmfﬂ@ugttlhﬁapmhﬁ@yat%WKprﬁﬁwﬁp ap Iflusaes ¥irdesichqub exchvagiag n

and/ or contain ni ¢ conposition described hereinis
rAQcp248/404/18%6&EH%Q?%| ]ggnuated RSV contains nmultiple attenuating
genetic el enenirubdiing the ﬁlfécﬁ@i)lﬁlﬂﬁfebdted MDICK teslld @idee tatditienssenpietrnivi ty and

attenuation properties 20including: (i) a set of 5 m ssense nmutations in
the N, F and Lroplisttiansf thoinflugnaasiivat e col d- passaged RSV: (ii) the 248 and

1039 lm)d' f'[tﬁﬁed]orlﬁﬂﬁél% viHi§es AR ﬁ‘faﬁrgpa E‘ LARNR ofthddiferioRPt €1 N

t hat | ower restrictive tenperat onfer a tenperature sensitive
phenot yjescréred hatect (sew, &irexthinpley Beat®ns 012i anyl &I)earméchuﬂdbmu aahotdinsitddtat are a
conbi nati on of a nucl eoti de subélti t(gfll on in.the gene-start transcrlﬁil on

si gnal TESSPIN MBS ARAT SeQTROTHE SSEHSE NIBISAI LI AN Y ReyEarRiniians ) tgchs,

t oget hgfe G&ﬂ&&rof addidduanal teh@@ﬁ%lr@%éﬁsﬁw%e&ﬁ& Ta&ia‘ﬁtécb’(caﬁﬁgtt)(ﬂlé(s)ter%'ﬁbﬁ’m' chis a
deletion of the entire SH gene that confers an attenuated phenotype. See

Tabl e Vityetso orr @Kampie Viowsas ert@mﬁflst He tatnkbumea(nrwns ebstore vRNArsginpet) oduced
[ nt,Q g R;%V 2 'J['kgg . A no Ag\ ebstH uti ons,[ I ra{ éodﬂig%e% Jgrato The
RS\} RGP %?ft‘i 48 e B ?nt Y818 Oaritno “RBTd SR T i 6ir8* &R
Phenot ypg), G983 9feniatcd (N AL t A AIBIRBOEG60, BY AnnAhfbor/ V86, PRS,
2010/ 036760PCT/ US2009/ 058157 C6810T T to | F Att T7187C T to C M genest art
Ts @03Hhenmgrdad/1G/ 1% Byl4/5/As B/USSR/60/69, B/Leningrad/179/86, B/Leningrad/14/5
B/England/2608/76 etc.). Methods for the production of reassortant influenza vaccine strains
in either eggs or cell lines include, for example, those disclosed in Kilbourne, E.D. in
20 Vaccines (2™ Edition), ed. Plotkin and Mortimer, WB Saunders Co. (1988) and those
disclosed in PCT Application PCT Patent Publication Nos. WO 05/062820 and WO
03/091401, and in U.S. Patent Nos. 6,951,754, 6,887,699, 6,649,372, 6,544,785, 6,001,634,
5,854,037, 5,824,536, 5,840,520, 5,820,871, 5,786,199, and 5,166,057 and U.S. Patent
Application Publication Nos. 20060019350, 20050158342, 20050037487, 20050266026,
25 20050186563, 20050221489, 20050032043, 20040142003, 20030035814, and 20020164770.
Other influenza viruses which may be produced by the methods of the invention include
recombinant influenza viruses which may express a heterologous gene product, see for
example, U.S. Patent Publication Nos. 2004/0241139 and 2004/0253273. In certain
embodiments, the method is used to produce cold-adapted, and/or temperature sensitive,
30  and/or attenuated influenza viruses.
[0117] In a specific embodiment, the influenza viruses are produced to a peak viral

titer logjo TCIDso/mL and/or log;o FFU/mL of at least about 8.0. In other embodiments, the

influenza viruses are produced to a peak viral titer log;; TCIDs¢/mL and/or log,y FFU/mL of
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C10570T, A10571T Qto L L ts T11628G D to E L Ts T12040A Y to N L Ts
C13147T, T13149C Hto Y L Att *Amno acid substitutions relative to

Wi | d-typewB3V10AB6760 [0229] In sone enbodi nents, the RBUTIUsSat09/8315De
purified by a process descrrbed herein and/ or contarned i n an i nmunogeni c

conposi tion i bed he e| neered tao. 5ex e or
heterol%g“@é ibriied atfea% o8 %é?ﬁsré% O NS A @ t {oggy 4.2, or of
het er ol pgQuss. é%ﬂ‘b@@?l%st@‘i?yo%f ét’l&JsPQ'EC&‘ﬂjof a€1elst 8.9, 8f hhBadFn 0G  NS1, NS1, M

(ORF1), M2(ORF2), /or L coding sequences. Non-limting
exanpl es of[OhIaﬁt]erIoIcelgmu@néeqm@m@eﬁletMECI%tcm\army)h&eated@ adherand c¢lls. dxpr ess

(Such: 2 TEHEEE pet et T ST R AR AG Mo e i,

I mﬂsnolpro@fera%%ﬂas@aﬁémmfdérlgatn AP 1ﬁ@ﬂﬂb&ﬁ-ﬁl@§t‘ HeQIBUK «9&1@%}6 sefectar ker or
a flag tag and a His tag), chineric proterns (e a h brrd of

ta e.
RSV G HRish éhmon sing df MTEIGREP S NNET S RE T A prEhsHE 7T
ol ype <) r | d i or
ot /o RSP LRITofeRhg PEARADE RS R BURFA SUMERP AR AR RERRTL N " |
| L-7, Irhetﬁodsl Uscfl® forqm@lltbta-tiaghdhdréht&eﬂg)l@&lef‘tiwn essoabddRpig (s%élSe@tfdinmSBI T RSV
is attenuated. For 15non-|initingdexa npl es of chineric RSVs see,

. u S
appl i c A& -Berlpgthegmbedineats, thedVIDady ¢alls ane prthrAatrcbaSotqnsrﬁé@reehC%rnuary 27,

a lication
Se??al%ﬂgh§% ﬁ%ggﬂg@%ﬁ&?mf Qh%%?%hﬂgggQgggg% pu8% ﬁ&%l Q:ﬁ#gka 92006 as
U. S. AdpSSi Batntdvo: BLdisi 208t iAothlitidonal Q06E Odrbiitiaaie such zQ;ZBﬁ]extrmpI@nten@Htmde ment ,
RSV is eng i.neered to e ess one .0 re viral nt ens, 20 fronra i rus
bel ongi 4R e HicaPHt BPaR(OGrREGHTAiaBIaLE! Serding Jipiy g deisyitefdnostil Rev
vect or ., bAf (s6X9&BRbEs 83D HAle DY) I im tation, the RSV vector may be derived
froma group B RSV and the heterologous sequence may be derived froma
group A RS\0119] Ina Spﬁﬁﬁ@ il]nbodmmnbttltﬁeMEtﬁibodisrﬁeﬁprollﬁsmed95 edigirenéeeléd to

expr.ess _on [ nore.vir nt| ens _pbt.ai ned .qr dfroma vir ot her
h e R R R v RF st i A b B Gt RS S e FiShbe i s DB G bR oy
adenovirkicdg®, 4@, luc, mtoﬁﬂ@dﬂﬁ‘dtlém%@Me?ﬁkﬁﬂ&&@b‘f‘fﬂ&c)uhu%edlum to culture
2010/ 036760PCT/ US2009/ 058157 her pesviri dae (e , herpes simlex virus 1,

her pes the pgll Sexe mgplgged;durlﬁg cplbering Wewlhr?drﬁtﬂ@mdseq}%qcpggs [P EREOY IIB 6.
E
I g\srlt S: Pcuggl en er o ent{@gl a %se@g %EZI% Bgfg?ag?%@ﬁ ge??(?enslf Shed It&’éeq‘aa?)og‘

Ichor dopl@)ivo ihonad x I0Aar Apexutivels, oraapnpmttyr thel MD@Hm’ellgm\prdlefSrated for a set

eparii poxvirus, I pOXVi rus S XVI.rus nd Sent V|r|n

papdv amerlpeaétlrﬂ@ Jﬂe Bl s6eR0e ri%rssﬂarr@“@ﬁﬁg fimspadi Ptrge)d fi ﬁreA iy wr

(e.g. r@rr}/ RY tidd ne@ P& b lifeRpa. Vi §déﬁ ctnbolRRnkd, k) JeHS c4/E 8- exafﬁ‘fa?e?l es
vrrus) avi rus g., nunps virus pneunonovrrrnae f e.dg.,
pneurm\herpnsl;tfefwmhﬁtbr i ecs |1)0 daysooyfos Pric Bidals, wr farsd) to Tndaysnlr esm enalbbalimersty,ncyt i al

Vi rus t neunD AN unovi rus and human
netapngaﬂ5ﬁ$?%§fﬁemﬁ g%?ﬁ%&ﬁﬁgﬂgey@égﬁuﬁygﬁ?erovrrus r hi novi rus,

hepat ovi r ugo{£9]9.1n c@fﬂﬂﬁrénﬂegbﬁxﬁ@ﬁtd tR Brubh s Incdfimh i MVdnkidBed s%ﬁﬁnffféfehov' rus),
reoviridae (e.g., orthoreovirus, orbivirus, rotavirus, cypovirus,

f i j20vi rmoediuplay desceibed hersin (afrme@tlylz adihu él) ong embesinentdlthe seeungyfree meedival i an
B ret
et T oviePUBEY € YR8 oPRTDG ! HPBlomeh BB REURFR UM Rl B Siape or s

(e.g. hbe@mddmrReMebh i 6516xtcd/fromIhd gif chiki@ihgioTHuRORETel GhBACYCINY,r US 2
(e.g., HV gpl6e0), spumavirus), fIavrvrrrdae (e.qg., 15hepat|t|s C virus,

dengue Wiamias, fafgsacids ans Imctqsrgl}ies hlepflaathﬁwmb@rh@erﬂeﬂtg: serufehEe Madgng v rus)
togaV|r I VLI

Fubol | SofEFsESy e cBRRORA dfind Bredy SEMMIB R bR HSLa R FLLE, Thittpelife
ephénmerembodiBent Ctiit e¢roabfieyinediam @nsisiesdeatilhabittioMine usmpor&memﬁf\thas midev (e. g.,
arenavrrus Iynp ocytic. charioneningitis vLrus ppy Virus nd | assa

vi rus) ,SEVd 10 &g lrtpéabTrtéea In etﬂ%bqtéwcrﬁ%ﬂah@%%t}rerss&m A MEdeRei fi c

20enmbodiHBek &ftﬂ%ecorﬂprﬁtmﬁﬁttwmab‘te slef in¥ efaf AR AraYibhdSdidRY, Testtds 10

respiratory sease, SsucC
embodiments the serum-free medium comprises glucose at a final concentration of about 4.5
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as influenza antigens (e.g., hemagglutinin H5 and H7), netapneunovirus
antigens, parainfluenza virus antigens, Newcastl e di sease virus antigens,
Sendai viwoomBswens, and i nfectious Laryngotracheits PCTOS2@05816NS
(ILV). In certain enbodiments, the viral antigen is derived from human

par ai nf |l uenza_ virus pe 1, human parai nfluenza virus typ , _human.
25par ai%ﬁi {[}éﬂ‘%‘sr ?fﬁ‘?@é%?% STUNG e PE??'}%%H@BPHW rgi}’sc.osq # aafeﬁbaf AYCCREHBE nent
the virglhpanto @en, is HV gpl20, HV nef, influenza virus neuram nidase,

i nfluenza virus hemaggl utinin, HTLV tax, herpes sinplex virus glycoprotein
(e.g., gB, [§Q1]1gDpflagrdagiEpsesrwhidpamy be s tounfeeighe eglisi(step (b)hephtdet by C

virus E protein or coropnavirus spike.pratei.n. [0232] | n anpaqther di nment,
Rsv'i s g aefo, BO R B B b o SestiRel BendT g 1ne,
bacter iahouaPat viRlsab Bk Ad@dd tBiRkeChé YaIsARfbB@Nto AR RAE hathe dvmltiﬂpﬁgha@t Bsia).
Non- limting exanples of bacterial antigens include antigens derived from
bact er iracasre g theguvaist of virgmddadrperncell Agloe pommonlyricfeaner [ty as the srdtpledier aceae
famly, o] fam|l ngl |. ' L.ovibri ily,
Campy ! SEATERFSBERREE T Ak oo BRI Rl REERGFUARL SRV R L)

Ent er ohac tisihg acerakinparoflapoted. @000 1 ERLY ccdbacibeiit ISe/esl], ocdbaut @00601 a,

Ent erobacter aero genes, Erw ni a s&ecies Escherichia coli, Hafnia species,

K ebsi difitfcapocabeut | Kbt {gaHerm ahoutdb0000d Fibeglbigsbout Q& FFE/ccy oiabtashei a,

K e . . \ &
ey VROt RERl R 08EHE0R TRIEEE PR he ASARILATHE Moty 1 net 1@
fani |y, viteds cmatd aweaimgfaarial ynput oitbent &08QECFRS celMat siplind.00¢bEEdEH ami | v,

cobacteri ) obact erj rcyl osi s)., Nejsseriaceae.famly,
eanosor Eodiianpyr eaborel b Blget i nienabadiet A5 Spshrae!
PseudonplagisSraciiess is Bic@Bh {zi@aﬂ‘iﬂllpht oPBthickh DBOO@NFEY icc PR 6.0660BRCEae

fam |y, Staphylococcus (e.g., nethicillin resistant Staphyl ococcus aureus
and St dgiiykdt obr e thd spgaibgembedimest, rtbpindeion ws theecells witBtvimp isowoneieut

Varkgi r obis BN BB AERER ST B001 BTy COPERFPGRSEARIER Phve anc

Vanpi r aMayhbd @scll aartidtyrmih®tiR sRRGE 6f Gngbadi:nent, the bacterial antigen is
derived froma bacteria that cause or are associaR%gF¥$&p a res?iratory
di seasehmeustof aguPmelnododd wsllsp &aiabmputddtBehh V Us "1 nf 1 uelfiemL) >x1000.

St rept ococ angd Chl anydi.a pneunppi.ae. 15[0233] .l n anat her enbodi.nent,
RSV s engi LA psPR e LR BAEEBrHER e g R Rk o BN b Btra R F

deri vedictdrMed ahd AEAToRcInUABHS of WAR-ih HE dulte:. PoRRRABSleOfinfsungabe ant i gens
i ncl ude antigens derived from Cryptogoccus neof ornmans; Bl ast onyces

der2fat iadded ata fnpad cormepatsondafrabant 1187 EFUfmls tophons R0 Exles HIFAY ik, or about

Cocci di pjdes cipm.ti.S; j | 8S ' ' :

ropi o PEE ErOBL S und ORI R AT AR b PR Ry B e

Asper gidetatmirse n@syunti ofehitus tongldAo athiovat dssirel.fidal eotiesnt@nidnA. ni ger,

Rhi zopus speci es; Rhi zomucor species; Cunni nghammel | a sgeci €S Virus FFATier
Apophy ShRgeE ST ypBE INesl. =iculinigdiohana(mbkx Juheqncenration 68 Ulmle /A0 absi di a;
Spor ot rtﬂfﬁ/‘%ﬁggmi i, Paracoccidioides brasiliensis; Pseudallescheria
boydi i,  Torulropsis gl abrata; Trichophyton species, M crosporum species and
Dersat ophyr|@s23 pedptemally B peotssdecad beadird odiicrebhringstabeutftbdiglahvagnbf gen i s
derived froma 25pat hogeni c fungus. that cause or are associated with a

respi r dWeusoy ipEieig ©f hemagglptirpin 4 Ap langdriBusbe adsoppsiangsiibe virogs pa thertgilheer ed
to expr Lt e i : i M.t of

par asi tﬁ@gﬁ?ﬁggﬁg rﬁ?ﬁg?sgggﬁg%ﬁ%gﬁgﬁ d%(ral;@(lan rq %émh%ﬁ%ogggg%éWE%Api conpl exa
phyl umssucltanasuysly ar oreshartiyl dter Bebeficaon diotke ptlésswil) inPluaszmodiuges. [Etheer i a,

| sospor a,,. At oxopl.asma, . Cyst oi sospor a, mrondi a, Besniotja, 3Q, Sarcocystis,
Fr enkel F4itopds : ?i?@d@lﬁ%ebﬁyF%f%s&fﬁeﬁ%fﬁemtseweﬁé? Qb el & egari na
SPBO;  RARKIPEYBE b8ll 6@UrPd be MBIREIGt, RF ckdifpIM KO R RV LAMSHE RS, for
exanpl e, Nosenmm, Enterocytozoon, Encephalitozoon, Septata, M azekia,

Anbl yospos anocakaes dihe p@tergeas, Ptasiagt aphds af tindnvwintemsyserine pratgasper 2 and

menbers_of . t he Ascet ospora ph IurpV\D 010/ 03@7 QPCT/ US2009/ 0&8}57 such as,
for exafpld ARETssPot aﬁP%fﬁg%%B?O, “a3s MBPIC HEOUPREM &YPHE LS g H asmodi um

fal ci papbeltic Bmb¥divakt, TRCKO34tEd trﬁpsiﬁrﬁs' @k aln Ji@dos et 9@y\stin is al@ddsianani a
mexi cana, L. tropica, L. major, L. aethiopica, L. donovani, Trypanosoma
cruzi, T. brucei, Schistosona mansoni 3°S. haemat obi um S. j aponi um
Trichinella spiralis; Wchereria bancrofti; Brugia 5 nmalayli; Entanoeba
hi st ol yti ca; Enterobius verm cul oarus; Taenia solium T sagi nata,
Trichononas vaginatis, T. homnis, T. tenax; Gardia |lanblia,;

Crypt ospori di um parvum Pneunocytis carinii, Babesia bovis, B. divergens,
B. mcroti, Isospora bell, L homnis; D entanpeba fragilis; Onchocerca

A = e . . o o o o o



30[ 0238] 4. The nethod of any one of the precedi ng enbodi nents, wherein the
MDCK cells are proliferated as adherent cells on mcrocarriers WO

2010/ 036 AORCIVO3BB009/ 058157 [0239] 5. The net hod of enbedirmsaesssidher ei n
the concentration of mcrocarriers is between 1 and 3 g/L. [0240] 6. The

hod of d 4 5, wh h d
n”ff:r 8céﬁ? PéFgﬂ%%e”ﬁﬁ?ean@%ly%@nggt@%@nf tf%%éfﬂﬁe?ﬁ %mO@P@&‘fr‘fﬁf@? ?rgt °
prol i f eypated/mi. 1R%n RRLMEER EniiEinentd@yssin 1sQ4ddd tothd Ba1 SBIUROG, &fa A one of

the precedi ng enbodi ments, wherein the agitation rate i s maintal ned between
about 1©0ccamE@tionof t gm0k u@mqbrerﬁsto #fingtral, ned th2d weed imbeuultgreOn¢dumbout 7. 8;

the tenper IS mai nt ai ne et ween .abput 33C and abaqut, 42C,. and t he

i ssotved dlbalin ThadroRe e ne SPRLE DuBWESrchn g thoss R b 5 oD b0

10[ 8242} cdhabihent I8 IR 8dondiNar® Prot&fscd iftaPleaeeekicng: RANOHLFRIALS frowher ei n t he

MDCK cells are proliferated at angngltatlon rate of between 150 rpmto 200
4

rpm  numbepof@Immertind sersedsorclodingnipr exrnple Inviigogend & sdilig™ asodigment s,

wher ei n h& te pH nd 7.8.

[ 0244] i b SR o8 é?%’glé?%%‘?ﬁg Sle Fh%“‘ﬁﬁ%%%%n% 251 0245]
11. The roginhisidam pr@tase tnescafat & ﬁﬁalpjoﬁe@ﬁlangn efrlimdbaﬁaﬁoat 0.0MErtebboudt e, ¥DCK
cells are proliferated at a tenperature of 372 C 0246ké12.The met hod of

any onéchrcanidop bRy hgPahBSe erdistecenabanrtd- 93X foabomtlk 7 Pr Retween et cel | s
de%s' teges, 4belo /éﬁcslsﬁét&@erl\%guf’a 65%%9% t 0P, J%%%%%éﬁ(h %Bhe met hod

any one of the pr écedi ng enbodi nent s, ereln S are
pr ol i f esbatite@4Xporebetvetdn abontsd.0YX of atwet (Aééﬁa obhdt@bern abdBx 0BX @l dbsnnd.2X[ 0248]

14. The et hod .of n one of recedi ng enbodi wher.ei n. st e b) is
T PO af b aYiRE e Horgtin i e B0t Sk o phgrle ey s
FFU L. apout 0.020248hbokp oﬁag qﬁ%ﬁ%e@m@dﬂ?@gﬁtnﬁ@tiorétéasewz?fe%bﬂlbﬁfaﬁpt n-i S
carried out using a viral input of between 0.0 FUn to O. FFU/ L.

25[0250ﬂwlﬁOWh®,m@hﬁﬂ@lnmn@ﬂynmﬂbmdﬁypbﬁmbﬁewEdgm@ énisotianogers, wherein

0. dBox FrIOPiEFTE S adde S50 P bbb o R BAREITTE U SR L B (b) 1 S

carried o858l ng a viral input of between 0.00001 FFU cell and 0.00005
FFU cel | . [0252] 18. The net hod of any one of the precedi ng enbodi nents,
wher ei n t hd0B¥lnfAfisrinteciion. theoafosied celiicultergapewdared DptBa] toTeplmat thet hod of

Cemper avare Copdlien G b Aoy Thy SR MSH DR o0 oSl AhRBRIT T8 B0 et noa

of any afigerofant el cpycesie dinnghcenibodinat aficr Wiertidnnhd bedlsiarf dul@pstieat\ai rus i s an
i nfl uenza A vir§$ [Oéhg} 21. The nmet hod of any one of the preceding
Reitpieqmd°C

enbddi FERPE U o e n(z altyferiaan grabodamepis, qf@ﬁfafe%m@.vvlﬂgvmﬁmsa]
22. The tH@EQR%@@uI%‘?QPQ'aW@&h?I%&Te YPREEHE, 8% TP A;ésyﬁfa&@g«"c Vdr iU HEAMPRESES one

or nore gene segnents of l'uenza strain ca A/ Ann Arbor’/ 10257]
23. The Gréd:sb(liﬁhnd%"@n(yr lossehaf 35é’|@9odleme1rhhn 345C \MﬂdaasethamBBéCJ arflessemaad3BCyi r us
g\?gglr, I/ Sﬂ? s t nofl °8,D orr%es%%?a% fO%%. e cuﬂurnllgng tﬂe 1an cte ce?fs at temp%{ra'%\ures 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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[ 0258] 24. The nethod of any one of the precedi ng enbodi nents, wherein the
10 MDCK cells are incubated at between 30C and 35C during the replication
of the i nvDrermzgexsbrus in step (c). [0259] 25. The net ho#Cofuseobossisent 24,
wherein the MDCK cells are incubated at 332 C during the replication of the

i nfl i i t .. [ 026 26.Th h f th
or ecodt ng MRl HBRRER EbdineEn Gl aC iR BEME ol BtepI B gt oy
agi t at i o ALE iR fﬁ%&?ce)ls%ﬁﬁtgg glleiid% AWERILEN 0016 B! SRpBAILCDPT the

influenza virus in step (c). 4 27.The nethod of any one o
pr ecedihdpyerditedinfestion, Inhes einbodimeniiidke method, the enduhatinigaafalie etllsdstpH of

bet wee bout .7, 0 d, agbout 7.8 durj the. replicati of t i nf]{ uenza

oF T e Par rife futB? B2R5Hr Jatonat 4 Buet o iSRSk B D ot PSR re pH
i's 8. 4QnRctid) 28 3Ihc2OmBHEmIBTs iIRdinelbaanY 0P iR Rfls td (I@]A)Q§@eri8&o@trfbpﬂi® fent s,
wherein a protease is present during step (c). [026 é 30. The met hod of

enmbodi rritoupaftaffideetion. tlhe speotieembodiment, Hwrineibangoeths scllpB(epdeB]s 31. The
met hod - ' {n. . protease i s a reconbi nant ani nal
free prcg éegirsroteﬁ?ﬂ{rg%g@]&gtﬁ%ﬂéorr%emg%ﬁ%?H{ef?ﬁ%b iment 31, wherein the protease
is present [8127F flhrattaiteibedinicitd eith©method3Ke cEI2&R] fod 3xahgle Nt ihogbaedd any
one of the, preceding enbodi nents, further 30conprising the step of

har vestqﬂﬁgirtf%réloeo’fifhgrfiwﬁsa@re@rfbafsv@r thahthe agitaion rpigBid] PQuvatpe GRst hod of

e di : ! t i i rs to
RO kgt B G SRty ol P RS o BRNE A B3 RS LEER 92084

met hod @3.3effecting bead to bead transfer of cells in a cell culture grown
on m crocartriers conpr.i sing:. (a first h step.in ich all or a

ool on ot IRES B RER e, FenERea N ERer Somliteh A en fOuhe R ng a
chel at i J1gaAQ6Mg the CRlkurk RERRS bMlaifingitherphibdte @ Wirbdii €., kit dullrarasdlumgAi um

with or without agitation; (c) addition of a protease to the cell culture
i n t he washinfedédienlls hdye bavogherwn)onThe harhestesedul tucamedinem agintaming ehepr ot ease

wi th or wthaut. agitatian; an e) transfer to @ new growmh vessel. [0270]
56 1 he aaisie drt S S el e bR Do lond wash step 10
bet ween st gp$29]b)IndAE cmbddiMchhardy maséeaiah Uil LA iciroghgatichef @ti ng agent .
[0271] 37.The nethod of enbodi nent 35 or 36, wherein fresh growh nmedi um

and/ or MBEK pdlsgire slasradda setile psortochanribag Hictcaltursmegsliyrg conpopmpthe 38, The
hod of: , ' 3 ' £ h
met hod ,Q lap%Pe\ﬁ \9131 ] Hpn‘c”sg%?ﬂﬂ Iopapetrﬁatleif%l fhe cﬁltuyggﬁée(gﬁr%rclbgt?mtu%g’e ﬁlg llj?pl%af%w

r
medi um’'a or additron mcrocarriers are a I'ng, or after
step (ejirusthh 02H3 eI Uilieinged hleshaingdoy shawe tafgepiid dbwWnEAEED) d@bick sed8or

wherein the concentration of the chelating agent is between 0.4 nMand 0.6

20 027 APIe0) Phe- b ibd B Uiy 2B el fof esASRITARICE €7 S5 QINBYAIC it BP n the pH
of the yaghy @8N HTdcirRe é’éﬁ?e’br?orf%o ARe8: #n another embodiment, the viral harvest is

stabilized with a suitable buffer.

[0130] In a specific embodiment, the viral harvest is stabilized by the addition of a

concentrated buffer including but not limited to a sucrose phosphate (SP) buffer, which may
25  be added to obtain a final concentration of about 218 mM sucrose, 11 mM phosphate buffer
pH 7.0-7.4 in the stabilized viral harvest.

[0131] In another specific embodiment, step of harvesting the culture medium
containing the replicated virus is coupled to the purification of the replicated viruses. For
example, alternating tangential flow (ATF) may be used harvest the culture medium

30  containing the replicated virus and the harvested material may be directly subjected one or

more of the purification steps detailed infra.
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[0275] 41.The nethod of enbodi nent of any one of enbodinents 35 to 40, 20
wherein the protease is a reconbinant animal free protease. [0276] 42. The
nmet hod ofwenbodissmnt 41, wherein the protease is added tPoTaSkémAabs157

concentration of between 0.04X and 0.06X. [0277] 43. The nmet hod of any one

of enbo nts 35 t rei,n the cell culture is agitated during step
(b). é’i[j%)ggg‘]ﬁc tA"“I'ﬂ'gVﬁ‘é't‘% a(5‘Fr”gny one of enbodiments 35 to 43, V\/nerei n the

cel | C”'t”r[ﬁyzg t%edtf’”rﬁt%g Srtelﬁsr tL—;?ih 45 pJ 0. cagon Truse
embodi nent PIGITEE BV P aes 1P ?B’Béd \i Séth% ¥ 175
rpm andn adRicuRAlivE 0RBR} ftlinliel mRithathaed besmty wmatmééu cwheeeThe t he cel |
culture is agitated at 30 23025 rpm [0281] 47.The net hod of any one of

embodi rrswifisatzs methads ofihe iventiqr@ay Be Bsediip PURE YisusphEomauleres of st eps (b)
d<(d / 157
(0282 bl S It A o TS, R SR SR PAPRRNREES Ot case
i nhi b| tMRC-5 aﬁﬂﬂHdSSz),fmmEan%‘embb(lai;)ome[ 62283 es dunfanniatiinyceetifline$ {egt PIAR.(sead t o
Sy adegS b eHERau R kDAt b€ hEREEry Moo R dnssirhgoene
cells; V&égh Id Q@%édﬁ%élﬁ&né{?@%e& r%ﬁﬂéé éég %ﬂtﬁﬁ%}@ﬁ&&ﬁ&@o@&e&tﬁs Ghgkati ng

agent out agit addi tion of protease to the cell
cul t ur enventibheivgradsen oecral retcbeergrmélvtrm; mg pagewnlar hve VlI'uS ahdyesuftaubeaelsad of the

| | t i t hout t d 10 ddi
S Sdoe T oiost e B el RS ST Rt R il oo e cbnet sl e on or g
nedi a qeUFREeRAE], sv‘hld:h%gﬂ&b@oﬁhg b ciRbhOs RiuitdisdicbBRlor? faenfi@r €1 n the one or

nore nmedi a conponents are selected fromthe group consisting of CaClz,
MyC12, MySda133ir dt@iuellnerﬂemmow of H&d® fremevimnpserBratignsiistnasticulaslyeimpettentC.

15[ 028 1. The ne nt (49 or. 50 the ne or nore
redi & QBB Nere a0 e e BaI0L SRt s Hastngs LIRLEMERNRRRN 071 M o
0.2nmM l\mﬁharm@’edlt bedoneaiplfed tHabth@ s&erd%ﬁ@ﬁ%uamcmrmeldﬂeem&ﬁthém theX Trace
El ements B, and 2X Trace El enents C. 50286] 52. The nmet hod of any one of

entdddi metage gge phamancogprs @i K Sthese pars) topsdigerthe engogenic ppEmitk ed to a new
growt h chc% {}glghlg%o tagpr%)g%.e :gepeq,entqﬁgé?{t%ﬁ %E&Acgﬁ% n(&ﬂods r the %Qﬁﬁqnoﬁ%‘f—rhe

nmet hod nts erein t ncentration of the
chel at iinfluagentruies ob&SWethat @dbcerthvt qurechtiby add sifOXBEY rés«ﬂdu‘ﬁthOIDtdiedels)f
centrat on of the che] at.i n about 2

nmbod th
re;M OZISFI%B%’@iaEBCO?ﬁ‘rée ?Wﬁlefcg‘g ARy “'BfE %Hoeﬁ’?ﬁ%mﬁ%ﬁiﬁ wnagl g &% fein the

pH of thgreghily gahlhﬁ&&ed %&91&8@&&1@ 1962 L, BiBESHLE REA Kat%ef“%l%é; pPri or
to or during step c). |0 56. The met hod of enbodi ment of any on

en26di nedtiS749 to 55, V\/ner e| n the protease is a reconbi nant ani nal free

F rhgt S?i? 'e a[slﬁf?zl]]] 11517c'ega?18 em leen s]c thaénIXlrl?Jgg Vlruse%régron%lrlrsrgfess thal? a%)oout‘:—ig’ngvmer ein

HCD/dose, or less then about 9 ng HCD/dose, or less then about 8 ng HCD/dose, or less then
about 7 ng HCD/dose, or less then about 6 ng HCD/dose, or less then about 5 ng HCD/dose,
or less then about 4 ng HCD/dose, or less then about 3 ng HCD/dose, or less then about 2 ng

25  HCD/dose, or less then about 1 ng HCD/dose, or less then about 0.8 ng HCD/dose, or less
then about 0.6 ng HCD/dose, or less then about 0.4 ng HCD/dose, or less then about 0.2 ng
HCD/dose. In a specific embodiment, the purified viruses comprise less than about 1 ng
HCD/dose or less then about 0.8 ng HCD/dose, or less then about 0.6 ng HCD/dose, or less
then about 0.4 ng HCD/dose, or less then about 0.2 ng HCD/dose.

30 [0135] In other embodiments, the purified viruses are influenza viruses and comprise
less than about 10 ng HCD/7.0+0.5 log;oFFU, or less then about 9 ng HCD/7.0+0.5
log10FFU, or less then about 8 ng HCD/7.0+0.5 log;oFFU, or less then about 7 ng

HCD/7.0+0.5 log1oFFU, or less then about 6 ng HCD/7.0+0.5 logoFFU, or less then about 5
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30 is added to a final concentration of between 0.04X and 0.06X. [0292]
58. The net hod of any one of enbodinents 49 to 57, wherein the cell culture
i s agitatwo 2duvissostep (b). WO 2010/ 036760PCT/ US2009/ 0B8TAR2000288F7 59. The
met hod of any one of enbodinments 49 to 58, wherein the cell culture is

3% Zit ﬁ%ﬁégﬁ %OS@F@&%@ £ Zgﬂea@ @Jté‘tnggﬁ{?ﬁz ﬂﬂiﬁgonb%drﬁlgﬁg eé%gﬂegéhﬁ?l?t

5[ 029515 1107 128 Bagl, QAR 1&%&%@1@% PRI/ 2.048 5% G0 U WeLitnt e cel |

culture i's incubated in steps (b) and (d) for between 90 m nut es.
[ 0296] @2uiTheg MEINA+05 lagyFdheordéss endnodonehs g 48CHG.060,5 mgaFEUnOlalew ot ease

i nhi bi t h i.fyi

it vergn YR dEIRRhTaRt S Bet b bEBR el Fndh FRATHCP L PED S il of a
viral f@ﬂé@@%en@boaﬂw@ Hd oM. (ol 2 logf FPO. (PEkpedific @HBdiRkbnd, 8RSuriie nenbrane
havi ng a pore size of between about 1.2 microneters to about 0.45

m cr ometieses comprise 1qsp hag ghewnk raHCEN7.830.6 degy ity ar lepy then abaut A% 14 r at i on

UF
rermbr andC R R EGTEER S, B Ml b LAERCTR D=0 31O RE T 160 chplft "0 2
puri fi a4 hgrdLy 7akDisNbg YFEO) mSammwgm@iHCDm 018 g, FEEP (b) (d)
concentration by UF and/or. buffer exchan by DF follow ng ste using a

menbr ane hd01#y" Joenk pabagimsatthg apyng et 1de|e’fe“€1m%énl)“ng&rﬁj00(€reen (e)
st qpi | 'AS%E& Ofh Jn%iﬂe?%ﬂgdlgkﬁ{? thm PFgcﬁi‘{s%%ﬂnﬁﬁed S35k 2 &iEenbr ane

havi ng a pore size o et ween about 45 mcronetersto about 0.22
mcr onqiodmscramm macttiw (otP@RaI Th@secassags ma@foemarfon‘rn@ihsmgmsmeds s at | east

30% and wh ified, v es rise less than 0.1 ng HCD, and
Poes O bR e e TR o *vi 1 e [0368] 64 e met had of
enbodi nent 6537 V‘hﬁrc@ftﬂn %Hﬁ)BQﬁﬁen@s”Qt Rad? QQ&R '3@%3 of 2uidt %o@%@%a@iﬂﬁtqeats@t he
viral harvest to a final concentration, hin 10% vari ati on, 218 nmM

sucr oseboutl70 qshobpstabeut s ef thp HCD (lee%@m in e powrifted vauegs ig E);s thp@ 29@]t

COL% P g%(ﬁoaﬁréz%ﬁgﬁ%qho@ aoslpe%% y eg‘ﬁggr R gﬁ%%&ﬁr’?‘g&?ggo%of%‘bé@mg ei n

step (tpreseﬁt B0Qhe ﬁﬁHdrﬁﬂﬂlséélsaesE mwﬂsemr()@oe)ppﬁ tH. &n 4ridviDdr spécifiet ween about
10 psi to about Si . &0301 67. The net hod of any one of enbodi nents

63 to 6EIbodHBeHi woyt%Q/ Ebyhei i Bem%@nwédh%wursﬁerdl‘uwswalﬁéeswhané*bwelr%%@ut 35

2010, oABTsRE B GaPatmd hichS aBRE o 0y bi¥ehes Wbut 50%. orat lggst ghaut (o o

63 to 6670% what kagt abdw[y (& or iaslem abeut$eth @ﬂthamepfesamﬁxetmfpubﬁwveemseabout
12,000 s' to about 16,000 s'. [0303] .69. The nethod of
enBddi rie ks then abeptd80 bipre feagth- slfléﬁp%%?w pabpdiment, 4t lé‘aféxg%r?@émf@? P and

| east S daval HORSiRd BHALES 18 BuxBOANIRby AUORAA] 70 The nethod of any

one of ‘enbodi nents 63 t erein the buffer in step (b)
conpri ses, [038]i rIn]sGﬁiwmboéﬁmantsﬁ i Birifiet] stroscs sed cdﬂlpriM lptsabphationt bOfer pH

R Ne S INE e G S A N T SR NS
one of %H@Wh@ﬁ@ﬁd(@& 3rQes§menhBU€h Nlg HCP/dose, or less then about 5 ug 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
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concentration by UF and buffer exchange by DF occur in step (d). [0307]
73. The nethod of any one of enbodinents 63 to 70 or 72 wherein step (d)
resul ts iwoanidmsesd a 2X concentration. [0308] 74. The nmeChab2@b/058157 one of
enbodi mrents 63 to 73, wherein | east 8 15di avol unes of buffer are exchanged

in step ( 030 7 e met hod of an of enbodipents 63 to 74

wher ei ri'& Iﬁ@’@&@fﬂ?ﬁ%@w@ﬁﬁ?@% i abpug Gy teddr 0 TogoF A rorrlews e 1ot on,
200 mM §|&%¢H@$’¢7.0£(99 IdBVEEosPRat dehubbar CPOr. 005 ldggoiﬁi@j, of Rsdthen Met hod of
any one of enbodi ments 63 to 75, wherein between 8.0 20l ogi oFFU to 11

| ogi oFRUouff3 g HGPEHEH0. ¢ ilogiddd),ar éesh dwd elioger ngrd CHf7.0£4. 5 fighgFFb o fess

0311] /7. The t f odi t 76, .wherei et . Q 1.00i Uto 10.0
oo orbrooin T Fsdh T P RIBE R ord S ARl S5 5P D RELPE 00912
78. The |pRttharthit €8RdIORN0+06 loBhEFE] &t 108t tHaeibodt 8.4l L%QH_QFEL(’)&OS_ 9.8
| ogi oFFU of influenza viruses are |oaded per nL of affinity nedia. 25[0313]

79. Tlhe leeHidd, folisféﬁlgérmb@ubw eatddd s legkbU7én ?mi@ qmbgdiment; e vih rus
oo vartiagie oS5l e FFELd SaHRIRGER R0l BEED: BATR S, M sy

80. The pEHOPY.®H0. Ay DAY @flewniadiboand.6 ngICR'7.020.5MbeLEFU, &tleg they) furt her
i ncor porates exposure to a buffer conprising a non-specific endonucl ease.

30[ 0315ort0-4He Hih/k o0 arlomnbidéi ardens than abgre?-éig HGR7106A gt IngoFFléxposure to
t hgpbuf fer riggi : Nl IS

Gt es. [ dOTH 43 g chREA AR SREGhol oTHE A ek iR bR A TR,
exposurlexmmottrbeitAfsey (KIdSPD using gn tthigbatlyragspsic €P doredetkanoc | Bas esshp na 10

m nut es. 2010/ 036760QPCT/ US2 /,0581 0317] 83.The nethod of any one of
erbod HESOR0c Eas e BTIURERo S i PEvKRA e 1 o
BenzonaseTNo1 403 1kn8ds HRehTRE RSN ofamie 08t SHRE I TEPiEc B0 83,

wherein the buffer conprising the non-specific endonucl ease, conprises,
Wi t hi n vEOSiny aehpaesitaoms agl Bellkn@sm oy ths ert and hatd riso spha¢defobafdrel0 ysris7. 0- 7. 4,

and .t he non-speci fic, endonucl ease at a final concentratign of between 40
e+ B RS e g er R R st o il GRS Ll adR e a0 o 84,
wher ei rfoahil@shydbewhich EaalofBatiNicl Fot the l@éptafaﬁbn ©O M dt §irigpdri€led BdesNBCi f i C
endonucl ease the affinity nmedia is masﬁe with a buffer conprising, within

10% vardnddivegiterupgdmyusercinpgeiculpr. MrgHBShh shepreeptivertigapravides7. 4. [ 0320]

86. The gL OAG A AARCALEIHRUIIENNS 30 10, B MPLEL0, bIRSRYLLTLRY Vit uses

conprise l'ess ng non- speci onucl ease per ogi oFFU
of vi r usembp@B3&lgnd&éndifiensmetddeguaddly aeparaaeIC) aiHOR freentis 0l harv8d, Thler ei n

the affinity 15nedia is selected fromthe group consisting of CellufineTM
Sulat én%thagsmfﬁ%eepr@éfmrmvenﬂon gl[vesiiaq% %?%@C%ﬁl‘@r“%y?% ARE of

nbodi : t ' g i t f th
embodi r@r%oﬁg?élt, e %%ra@ﬁﬁogé&coéf %}ﬁ)mﬁ@& #1‘1‘1%%5“ ?sta}‘ﬁ LS B, i R, Ik gm the

affinity media wth a rising, in 10%varitation, 1 M sodium
chl ori degst 238, ot derst 3¥e, oraan tLadti4 0 qohokpst 2080, bubf least pHP67 oDatTeast 70%323]

59. 011 (eRZa, YLLSES Brodhesd, By, 1 e fod o, sy one. of gbod peot < 201
than 0. Aranthfdddn aA8Mr bR%Eh. 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

44



than 0.3 [tg HCP per 7.00.5 | ogi oFFU of virus, wherein the influenza
viruses were purified froma culture of mammalian cells. [0325] 91. The
purified wof2bwarsgmovi ruses of enbodi nent 90, wherei n t heCzASawasdisan cel |l s
are selected fromthe group consisting of human diploid [ung fibrobl ast

cells, human retjnob asto ells, human kidney cells, fetal rhesus |ung
cells, CAFQ%_&W@%%J %ﬁﬂ%@?ﬁﬁfﬁ&lﬁgﬂgaew&@saﬁa %Mﬁ%?%h&hggpwﬁés [ 0326]
92. The RUkhdd: §dth MINERER\EnEYRR TS arRNPAR IRBhL 0P the WHRERAV S B’f'@irﬂﬂ?&ﬁél' Ian

cells are MDCK cells. 30[ 0327] 93.The purified influenza viruses o
enbodi nErese 90ps miebeperfarined madtple itianes ce tHepuaifieatoan praesss psd m AERGrgbat|

culture, [.0328], 94. An i hmun ni,c c ositi.on rising ppl ypeptides of
Uhe 1 nflRREES o UL Eeogy gy S R B il P Pagid s dggibetl above
2016/ 036760543 USA0@84 P8R hf fordhe EXANBARR of a viral h&3eRlincTiR, bis@dahston s now

described with reference to the foll ow ng exanpl es. These exanples are
provi ddimitesktot ¢ratifyeginnedigtysisi pnsmembriagn Iidptipnawhichieclidps hittiiorptdloitadd i n
no way .he - i [ ted. t he S , ould be
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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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116.6 1188 1n 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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the impurities are bound by anion or cation-exchange and virus is subsequently separated or
purified from the impurities such as host cell protein and/or nucleic acid. It is contemplated
that the chromatography can be performed in a batch process or alternatively utilizing a
5  column process. In certain embodiments, the conditioned viral load is purified by column
chromatography.
[0149] Methods useful for the efficient removal of contaminating HCD include, along
with the other steps of the purification process, treatment with a non-specific endonuclease
(e.g., Benzonase®). However, for those viruses that are intended for clinical use in animals
10 (including humans) it is desirable that the amount of non-specific endonuclease in the final
purified viruses be minimal. Accordingly, in another aspect the present invention provides
methods for the purification of viruses that reduce the quantity any residual non-specific
endonuclease used in the method to levels below that acceptable for injectable vaccines.
[0150] In one embodiment, the purified viruses comprise less than about 0.0060 ng,
15  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 dose. In a specific embodiment,
the purified viruses comprise less than about 0.0040 ng, or less then about 0.0035 ng, or less
20  then 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 0.0035 ng, or less then about 0.0030 ng, or less then about 0.0025 ng, or less then about
25 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 log1oFFU. 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, or less then about 0.0025 ng of non-specific endonuclease
per 7.0£0.5 logi1oFFU. In another specific embodiment, the purified viruses are RSV and
30  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 5.0+0.5 log;oFFU. In yet

another specific embodiment, the non-specific endonuclease is Benzonase®.
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that are intended for clinical use in animals (including humans). Accordingly, the methods
for the purification of viruses (e.g., influenza or RSV) of the present invention incorporate
sterilization, which can be performed as a terminal filtration step (¢.g., RSV) or using know

5  sterilization methods (e.g., Influenza virus). Methods useful for the sterilization of vaccine
components (e.g., viruses, delivery devices, etc.) include, but are not limited to, irradiation,
filtration, chemical treatment, and other suitable procedures. In one embodiment, the
formulated virus bulk is sterilized by filtration. Filtration methods useful for sterilization
include, but are not limited to, single pass, dead-end, direct flow filtration (DFF) and

10  tangential flow filtration (TFF), which have been described supra. However, due to the
fragile nature of RSV the virus can not be sterilized using a sterilization grade filter. Thus, in
one embodiment, RSV is sterilized as part of a terminal filtration step during the purification
process described herein.
[0153] Herein are provided specific methods for purifying influenza virus and RSV

15 for vaccine formulation.
6.5.1 Purification of influenza viruses

[0154] In certain embodiments, the viruses to be purified are influenza viruses (e.g.,
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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purifying viruses are detailed infra.

[0158] In one specific embodiment, step (c) is performed by affinity column
chromatography. In another specific embodiment, step (c) further incorporates treatment

5  with a non-specific nuclease.

[0159] As described supra, viruses obtained from cell culture may be stabilized (e.g.,
by the addition of a sucrose phosphate (SP)), after harvest. Accordingly, the purification
methods of the present invention encompass the clarification of a stabilized viral harvest.
Alternatively, the steps of harvesting and clarification may be coupled. For example, ATF

10 may be used to harvest cell culture replicated virus and pump the viral harvest directly to the
media and/or device used for clarification of the virus.

[0160] For example, 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 medium is

15 filtered through a semi-permeable membrane of a defined range of pore sizes large enough to
allow passage of the virus while retaining intact cells and other large particulate matter.

[0161] 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
to retain intact cells and cellular debris. In one embodiment, the viral harvest is clarified by

20  DFF and/or TFF through at least one membrane having a pore size of about 1.2 micrometers
or less. In a specific embodiment, the viral harvest is clarified by DFF through at least one
membrane having a pore size of between about 1.2 micrometers to about 0.45 micrometers.
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 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
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1.825 and DLF Ailnaa?llot er ernbodlrnent 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
5  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
10 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
15  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
20  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
25  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)
30  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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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
5  1isused 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
10 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
15  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
20  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
25  affinity media. in another embodiment, at least about 107, or at least about 10°, 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
30  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(FFU, 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
5  about 9.9 logoFFU, or at least about 10 log;oFFU, or at least about 10.1 log;FFU, 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

10 (Chisso Corp.) affinity media is utilized and between 9.2 log;oFFU 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,

15  orat least about 9.5 logoFFU, or at least about 9.6 logicFFU, 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

20  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

25  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

30  0to 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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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,

5  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

10 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%,

15  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

20 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);

25 () 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,

30 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.

57



0.1 0.1 0.1 Tween 80 22 22 22 ' Conponents not found in DVEM F12 are
shown in italics. bConponents found in DVEM F12 and fortified in MediV SFM
110 ' Reduwecdomasémnt rati on in Medi V SFM 110 to mai nt ai nPOoSruskelioss1stdTr ace
Elements A, B, and C 5 Qucose is present at a final concentration of at

| east 4.5 nd may .be | ement e o.a final concentration of about
9.0 g/L. T%ﬁﬁﬁ?@é%%n?@gg%@%ﬁ% ?@gﬁﬁ@qrdﬁ@rﬁeraﬁs HRgment "‘ﬂftgléélom errentg

Soln. ApdfiacguElaeents Soln. C Conponents ng/ L Conponents ng/L CuSO4A5H20
1.60 Al CI36H20 1.20 ZnSOA7TH20 863. 00 AgNGB 0. 17 Selenite2Na 17. 30
Ba( C2H302) 402725 Additimnl piaamatess thaGmayl 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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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
to retain 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
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
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
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
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
buffer 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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[0179] Following the first filter step in the clarification process, the non-specific
endonuclease is incubated with the filtered viral harvest for about 1 hour to about 4 hours. In

5  aspecific embodiment the non-specific endonuclease is incubated with the viral harvest for
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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usi ng one of 2008/ 2009 virus for each experinent. For each of the first 3
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seasonal vilPl8llstingrriaingmbadmeenie diomerdicdhungst iscorstatef @adel thphutfenst 2
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medi um ex e pr ocess L7 Al ns. experi 3x2L
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virus 15reassortant types. Experinent 5 was a _replicate of experinent 4
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exchange process. e virus straln use ection t he
sour ce UOF stepld srios@dd tmng RGOk kolkPREbentagade 6XIp elchittenate) asrmrdimﬁmr i bed in

Tabl e 6. 25 WO 2010/ 036 PCT/ US2009/ 058 T e 6.Virus strain and
cel | d‘iaigafﬁ%“éés o tFkgd %?‘gﬁi et 8R OR%%E%I}@FP( ‘r‘—@%é’ﬁl %nﬂ‘faé PIJACER] |
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1SRl FPRL 1.2ca A/ Uruguay FPR2 lca A/'Sout  Dakota Experi ment FPR2. 2. 2ca
A/ Sout rcomélklonatosmmmhauﬁwtaﬁlﬁh&)ywldémEﬁlpﬁé vagneimt foBmpREGN. 2 an B/ Fl ori da
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the buffer is exchanged by DF. It 18 conternplated 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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FPR5. 4. 3ca B/ Florida [0340] Seed Reactors (SRs): For all the experinents,
cells were grown in seed 5 bioreactors at either 2L or 5L scale using 2 g/L
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bel in.the Ex | e provided,i.n Sect.ion 8,2, bel.ow., The, cqnt ent f SRs
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[ 0341] dahﬁﬂl{clﬁbggwgtaggg Reactors (FPRs): The seed reactors contents were
o]
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i nocul at e t[A&84pRYllatvingaithephierchgimatogaphphiens éf pasfarmed s thiPmyfager e grown in

Medi V ' |y : € jon, 2 L FPR
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NaOH for a FPRs. The tenperature during the grow i nfection
phase wascifionmbodinedt g Bfér € ahndt BEMOrrlesspdic bnagdpyct tHhBlteniis 08, 8H6@irn f or
FPRs 15@%5(9 Listed in Table 6 and process conditions during growth and
i nfectibr PHASECEEY the FPRs are listed in Table 9. Table 7. Seed Reactor

(SR) Procegg1§xnditi s9@c§ﬁ5’@1&1%8@ih{%ht,%m@tﬁb&'%p@if’zﬁ%ﬁﬁsﬂiﬁf&} syibitidl b rus
cells/mcro-carriers (20 Final Wrking Volunme (L) Mcro-carrier (M)
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quantity/ type Agitation (. H cont.r.ol Total flow (constant throughout
the run) (ni/ ma‘n) lq\lﬁgﬂ% au\égaih%ﬁ St COMPTISNg;

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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9.0 22.5 2 250 7.4 37 1/ marine 175 Wth 1N NaOH and CO2 40 SFMLO5 with
Trace elenments A, B, C Controlled Quantity 5R25R3 9.09. 0 22.530 52 22 5050
7.47.4 3'N80 2010/a38160ne2/ 1ightnin 175175 Wth 1INWth 1N Ra©HSardNssdsy and
CO2CO2 4040 SFMLO9SFMLO9 5R4 9.0 30 2 2 50 7.4 37 2/ lightnin

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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175 Wth 1IN NaOH and CO2 40 SFMLO9 WO 2010/ 036760PCT/ US2009/ 058157 Tabl e

8. Trypsini zation conditions using bead to bead protocol Steps

Speci f i cavDanB/@awo Set - poi nt sVal uesUnits 1. Renove Medi ®C3WS2002/05818d 0. 5niv
EDTA/ DPBS wash solution to the ori gi nal 80 working volume % 3. Start the

agitation to original setti mn 4. Stop itation to allow MCs to
sett| e (QSwAROEBNE, BISEANG, ayian @é%ﬁ&e Weaer%@l@e% %@9 Eaﬂomé Igac yjius

EDTA/ Dplﬁﬁléﬁ@sscfln%ehlﬂhbé)pvet Anhal {hapire @fa'oﬁt' iR %quitOblch &k & RUribARf 2t fficienzet
agi tator speed 250 . Start the gterrperature controls to

ori gi nab aewtsiomees Sm;heffwld” (e.g., on sale and cornrnercialization when refrigerated at 2-
8°C, 4°C, 5°C, etc.) throughout an influenza vaccination season (e.g., typically from about
5  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

10  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

15  (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

20  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:

25  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

30  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

64



% C9. Adjust the pH setting on controller 8.0 pH 10. Add 10x TrypLE
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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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were infected on 4 dps in experinment 5. The viability was above 90% for the
FPRs during cell growth phase. [ 0345] The cell density at the tine of
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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,

5  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

10 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,

15  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

20 [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

25  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

30  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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virus may be administered to a naive subject that is at risk of developing a viral infection. In

a specific embodiment, an immunogenic composition described herein that comprises a live
10  attenuated RSV may be administered to a naive subject that is at risk of developing a RSV
infection. In a particular embodiment, the attenuated RSV is rA2¢p248/404/1030ASH.
[0208] The immunogenic compositions described herein that comprise a live
attenuated purified virus may be administered to a subject that has previously been infected
with a different group, subgroup or strain of the virus of interest. In one embodiment, an
15  immunogenic composition is administered to a subject that has previously been infected with
a virus of a different group, subgroup or strain than the virus of interest and is at risk of
developing an infection with the virus of interest.
[0209] In one embodiment, an immunogenic composition described herein that
comprises a live attenuated RSV (e.g., rA2¢p248/404/1030ASH) is administered a human
20  infant or human infant born prematurely. In another embodiment, an immunogenic
composition described herein that comprises a live attenuated RSV (e.g.,
rA2c¢p248/404/1030ASH) is administered to a human with cystic fibrosis, bronchopulmonary
dysplasia, congenital heard disease, congenital immunodeficiency or acquired
immunodeficiency. In another embodiment, an immunogenic composition described herein
25  that comprises a live attenuated RSV (e.g., rA2¢cp248/404/1030ASH) is administered to a
human toddler. 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 another embodiment, an immunogenic composition described herein that comprises
a live attenuated RSV (e.g., tA2¢cp248/404/1030ASH) 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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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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administration of an immunogenic composition described herein that comprises a live
attenuated virus results in a 10%, preferably a 25%, 50%, 75% or greater reduction in the titer
of the virus relative to an untreated subject when challenged 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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and 10Zompesitipn p@pasag apnrozinthtely dAs 100 IF ¢ pbaise adempic RSV (e.g.,
rA2c¢p248/404/1030ASH) are administered to a human infant, a human infant born

prematurely or a human toddler 2 months apart. For example, a first dose of an immunogenic
composition comprising 150 FFU of a live attenuated RSV (e.g., rA2¢p248/404/1030ASH) is
10 administered to an infant less than 1 month old, a second dose of the immunogenic
composition comprising 150 FFU of the live attenuated RSV (e.g., rA2¢p248/404/1030ASH)
is administered to the human infant at approximately 2 months old, and a third dose of the
immunogenic composition comprising 150 FFU of the live attenuated RSV (e.g.,

rA2cp248/404/1030ASH) is administered to the human infant at approximately 4 months old.
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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control rpm Turn agl tation
to all dwoﬂhae embadilmdnts ﬁmtalttbmaaﬂftﬁwdrsas ge@ﬂbalt}rmgmepmdnat ant. 20d. Add
to bi qreactor. Turn an aeration rature

d d |
Comtror o Fr0 A SR ReiBlsn s b bedi i Biso i 4 sBote pEPIGTERt B -

7.4, teMRREA HHR 15'a~’133 wcatif-Fe ol e alitus S i é‘?@rjﬁbrﬂﬂv erﬁl’)&iu%%ﬁtr fRIchimQRIMERRN
about 135 to about 175 rpm (generally faster for smal bi oreactor). 10.

Add gl Lis:@@ettQImaifGﬁrviaiuSQ g/L 2511. Draw sanpl es and rreasure by NOVA, perform
DO calibration and pH correction (if needed). 12. Turn on bioreactor
corfrol@ 2l dnéluenga Wirth a fl ow rate between 40 and 320 rr1_/m n (for working

vol unes bet .30 Ta 16. ATF ntrol . Set s ATF Contr ol
Settings Rdﬁfgﬁ éﬂr‘?%é”ﬁ# l?‘ﬁg S, PFESEYTP an _&?mmltrﬂn_s g b¥F 0.6 psi
lpsi 1 Hﬁhlﬁﬁﬁgﬁté}é%l g&cth@pﬁoldﬁé”t’lo%- ahdlufiBatonlo A fMidhz4 vir( 8 %ﬁ'val:élﬁw Exhaust

cycle flow 1
Influenza viruses are made up of an internal ribonucleoprotein core containing a segmented

single-stranded RNA genome and an outer lipoprotein envelope lined by a matrix protein.
20  Influenza A and influenza B viruses each contain eight segments of single stranded negative
sense RNA. The influenza 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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1.8 L/mn 2L/ mn 2L/ m n Exhaust tine 3.8 sec 3.8 sec 2.7 sec 2.7 sec

Filtrate flow rate (Media exchange) 500 mL/mn 500 nL/mn 750 nL/mn 750
mL/ m n Fiworatw3bicow rate (harvest) 160 nli/mn 160 nli/ mPaTABRNN0ASIEh 160
m./ mn [ 0354] Seeding and Growth: Cal cul ate the average viable cells

per roller il .seed reactor a ansf th ropriate anmount of
cells intol 818%751 e]f@eedg &CP9TEC W@an%qdé\éﬁﬁu%é?%ﬂl ﬁa&oﬁl@talgﬁ £€1:8 split
may be 19@%&@%&5& doak f&%%pbﬁexﬁ?@ﬂth% w&bsryme?éseamﬁrm% Aned A §ég?né@adl ng

density of between about x 105 to about 1 be used. Note cells
may be empddes thﬁSHAg)ran@yl o‘_’fegnh:at b@ad)dtsanBeédgmmarfsef@odmhmb@sprdmmdﬂd in

XTI 9 ProteiD) Rem SRR N T B i B e (a5 S00E BRBRE ST Br ot boo)

( ExanpligsditdnictaRNAD Si%@ﬂdnt)m oBu{fDuenAfB 8ls0 lcRQSMEL Bl Proteifd: aV1 ST E T&r post -
i nocul ati on Nova and nucl ei count [g% Once the nuclei count reached the

desi r emadlest sggingitiopcqdgs gwo pnpduatysN Pbuthichys translated frperthefull length RNAf ect i on.
Set po' h%\@f&h%ﬁ'& a%fé&%‘é&sfré) a%gaﬁce%smflﬁléex?%ntpH = 7.4, tenperature = 37C,

balt Sat ura on, reer = weerni 5 about 135 to about 175 rpm
(for Wor ki r@22a3j! lR@Ssdi)ﬁhMﬁﬁrses?aI%@rd(ﬁlchd to incorpofa@3e i tddtcaapilatininRnde: t o
i nfection about 66% of the CGMis renpved an replaced with conpl ete
i nf ect iNSHIARIBIMATH (OCRMS fBWEMlmcalzsolafs%rgqhe coext Of@e AoV e Mastastien also 330

d' 18t 1 Q0110] a Afdcr, %&rfbh@ru? pRb)! 1s€®'fo?9>?aﬁﬁﬁ%,h Qﬁs%%png'é&@ol‘a” and

he m crocarri er s ar aIIowe to sett e5|re nmount of nedi a,
eq ui valadapted cnttﬁﬁl%tecs telﬁ)paraummdsﬂwa)MD% striiho(eeactaon/amdrbepd/a¢ ead v t h

fresh, r med set ts are adjusted and, t he .control | | oops are
turned AGR Aghor Hs6) pRE sefigy Hebpt e Sitide HefGpongiufigf e, B ard

t enper %‘t‘hﬁnted%@@a AP@nnA?&{%%d cé@?ﬂﬁ@k‘rw}/l/@é“@a%/wﬂl %rac‘f/l!?@/[l%‘?” about 135
to about 175 rpm (for working vol umes between able 16 shows

t he ATFA/RuoeatoRico/8ext(PRGY cutB/Ann e\db@m}/%gB/hemngraé&léHeYr‘ﬁgie BMHS%W@@(M wsh

si myl ati on run a3 Using the control 15settings described in Table 16 the
degsr eoé@ﬁ%lﬂﬁﬁaa@f%ﬁgdi a, equivalent to 66%is renoved, using the ATF system

wi th agit atfoprg)and nigbeddflroMhé @ drdesdfildbotiabh@htihtsadsadsertagtirhgs fromthe
bi oreactor and replaced with equal vol une oTg fresh, warned CIM Once the

set poilnelydiag sgg-basdarcthors and snare sccantuedl! gftuyg mahofsSeeddgd PO desired a

nucl ei i 8 rus need

oCi nt dapHPhidng vEERRITE KL SR oD s EE b s B0 S S35 Th

( FFU mg,9%19715, aﬁdism]d’lat@t Apphiction N23001/843, 818%&#461&,)732& Lamdparidertes. stikai ns nmay
virus at a known concentration

?gﬁlé/s rer%pnt@gr}piﬁﬁi at\;filg @&d%%?rt%h@e%ﬁ'fwfﬁbe wrﬂafﬁaél ¢ upahil fopthisirse ucg@éof% or
ex arrpl n%n@g&w@ %Jﬁl‘ﬁcgﬁ% Pﬂﬁ't ﬁotjigm't&i Jis) a%% Hﬁl’ﬂeﬂﬁa) stra‘[l&%@losjéa 'ilgl%ﬁ{ ?1 dAt the

desired tine (genera etween 48-72 hours post 1 nfection) 25the control
| oops areascbrmﬁrmed*uw[sfcom!pdsmggemsmﬂacmstardondueaﬂs (agecalAl/Amm@rblodWeé@t tde. An

appropriate, steri g c is att hdtot e act or et port
et he Binmarbar e ek e Tohay Bithsy Sl aRaT et T BrOATRT belhodsol When
usi ng anhPaRvesi drb ugefm%ptmfr@ddwgﬁ opﬁfﬁéﬁasshﬁﬁ@’s hféhﬂﬁﬁ% ﬂe%bﬂslﬁ vitdSes,

m crocarrier beads. Once harvest is conmplete 10X SP buf 18 M sucrose

and>110anvigpoe 88 siouarhihe Splimtiag pmaompeﬁetymp@rammmme,tqwéd wgtqdo a final 30

concentr.at | aryve | rectly
coupt ed EoPL Rrarsuten it ¥4 srSalieh GRS 0S-SR F BReiebr ovi dec
i N Sectyydd-i@ftidn nteelodwor Epﬁthﬁlljlﬁ?z@th@ﬂﬁd theucAddhntqiet (Lk, sgt PCmgs utilized
during harvest in production simulation runs 1-4.
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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WO 2010/ 036760PCT/ US2009/ 058157 8.3 Rapid Bead to Bead Transfer Process
with Low Concentration of Protease [ 0357] This exanpl e describes the
processeswandiggasmnet ers for rapid and efficient bead t@eChamsdoownasist er of
MDCK cel I's using DPBS/ 0.5mM EDTA pH8 wash solution and a | ow concentration

o' Bk et Bienzad Siyslotei b pue Bl R ekt ST ES6SE plasBammeral gur e
BA  ReRDGRAN BNVEAIHHBRERICARS dRAGRDE 3 HALB NP HSPLichMpIthfidpr Ocess

are detailed in Table 17, Tabl'e I8, and Ta cour se, ‘ot her

equi prdipe Mat Aced $entUS AVHIL IS B oW 81/83 7%k, Hefimeapnbed dpetisten£2000),

substi tut.ed herej nd,specific, nention of particular .brands or .t s of

oqui prrettideel raLNA PR ERE A B AP OB SR R S i’

spesi figaldn¥a Mn@%z&gﬂei R NEsnigs, 8191803584 7. Ehid HATFRERSS oNAS00) ] Résgedof N t he
ed a

twel ve runs descri ove. As noted, a proper cell detachnent in the seed

r eact origfliggaiaa Boirasesaeit Stdesnadd, PY(L7x IRBRE-IWALS. dhesepthpdeassortants echee t o
bead t | i h w . ¥ oY, i
oo TSR RIALRRG e AMBERORER (050 ¢ FICT RO R W28 g 3) O

rapi d, Whig aidebtkandoT obul,.J. Yhollabl@)17. Equi pment List Equi pnent Bio

Saf ety Cabinet (BSC) Controller/C onsole Stirred tank bioreactors (5L, 10L;
15L) ME&T.2s dvegspir@entySy@eitial ®ooust er Peristaltic Punp Manuf acturer Baker App
| i kon Applikon Zeiss or N kon Innovatis Cole Parner Mdel SG 600 ADI 1030
AD19035 76192250 1theanetbods pR5eSOORHO®NERstnEghaoingre petirwlartlenscful fppthice 18.

Mo TR0 SRR PRIF RSy SUOBRS. S AoLy S g TRy 10X

di hydr gtg), ghovpOA o1 £rdab B ridyBb Ghaticd iy dptbbss descaibRhnapinang/oBuditeined inSal i ne
(20L bag); wthout Ca 2+ _and 2+ Dul becco's Phosphate Buffered Saline
powder anARMUYGOLHHE compesition deserigg:herein. See, e.g., Sato ¢t 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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WO 2010/ 036760 PCT/ US2009/ 058157 Tabl e 19. DPBS/ 0. 5mVEDTA - pH8 Wash

Sol ution Preparation Conponent DPBS 0.5, 1f EDTA pH 8 (G be or In-house) pH
Concent r avpanMalseree (nl N A1000 0.5/0111 8.0 0. 1NA [ 03Pejr/use@pasas? on of
1X Liquid Medium DPBS from 10X DPBS powder: Add powdered nmediumto room

terrpera ure water entl.e sti.rring. not heat r Ri nse 5out the
i nsi de ¢ ?VWGEW%£@89W3F@ %alah'lq qf)@?&@of%@o@dﬁ@é ?Dh%h@dtoa a desired
vol une Mhﬁd?ywtﬁfos a§US A'IS}JHchtl&l P@&ic\éﬁ‘&x NBQQ)O'SWOI%’@) A X).S. aﬁgh&hﬁffoan of
mediumto 7.8 0.1 (final working pHis 8.0). pHunits will usually rise

0. 1- 0. SonigbNof 11/38%0 iffiledA¥iarsh 2|§I-P-0%s(pb@®he@dp isly 80, KWSnsdbRt Abpleation osed

o1 0360 B disaniy-PoRERTCt a8 bt RRe SV il S b e bt el sl
dI hxsd O?a@éagé@(c%@&u’fﬂnt@(fegdeng'S'\Z@ﬂcr\i\Eéth e.SI”imRouI, 1@69 ftbfdlam&aﬂspehiets or
while stirring to bring pHto 8.0. Note: Add the last few gr ans

sI ow y 15§, whishds woeiperadest hqasgntbﬁéefpmn%mﬁs SRbiKCtY ). naReBdtyis-Sensifive thle pH is
around Iﬁwﬁtgl{lé‘gt RYY/ tlS”IER?% Al Wlkhts‘?%o Yi@%%:?ée(% f‘ | tercr \Eh g1 meron
1 quo eac (o} n] e

filter. nto simall er Vol ufes (2 storé at room

15t enpelogB UV gccine 11:139836GI0H; Crosadtat. | IQ‘PSQVa&ﬁ&SIEQS@—IS’BStMﬁl@ dEEIl'Pl.97Aﬂﬂ | L of
0.5M stock EDTA pH8 for every liter_of DPBS. A)‘13 ].ZfDH of nedi umto 7.8
0.1 (fllﬁ%ﬂm%rllgﬁﬂé pHO; andgPrpgls ¢t %eé’ég%er VI9INDtEF3-piusled-gasapgad usual |y

el S ar AL A LLSh, AN, J Pars i batos e
t emper ai3()x‘lé)0@mb;eﬁg sKafro?ptpeﬁh ¢awl,d InkettDm 1:7601:@&]4@6) heddsnsienlly e for mlSSeg
Tabl e soeRpRd s o oevgurd b itisn 2t s 4 R0 SRR L FNea gl

flow ( %f@AN@Hés@ﬁ@ed"fnt h ge%ﬁlon‘épﬁlu 'Teoﬂfnfélz%( DEEKO A : MIFDIA; wildBey wash

solution to the culture Véssel | e 2520. Start the agitation to

ori gi nait abetd9Pnl Vared. TRash3&aid afld)COHBlS ebalni208 . dyoc. Skmplhdrec. agict 2itlib6n and
Ietl m grﬁi)arri er beads settle for 15 5 mnutes. Renove through the outl et
poré 8 0% of wash solution. See Table 21. Note: this procedure could be

done usi ng [0BES|ATRn aAgstiflelebEHENG tHEN ST maR il pfritied By 8 Photickon to the

vessel up to 50% of working culture volune. See Table 20. Set agitator
speed tdgseresihetpin pid/orgeatamey)ip ap iIMmM8pegani ¢REnBOHIPNtdesGbed hrreirD® and

e AT A
and Agidiahémathapeae desBoayidladdrats tampiatige vevlsitivity add afbdnuddn proberties
20  including: (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 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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Vol. to be renoved (L) 1.6 0.2 4 0.58 112 1.5 Vol. to be added (L)

1.6 0.2 4 0.58

DPBS/ 0. 5 wivEDIA3pH8. 0 Wash Vol une, Agitation speed, pH, PTems2eo59er

setti ngs 2L Bi oreactor wor ki ng vol unme 5L10L 15L Vol . to be renoved (L

0.2 4

’IIZ\I'\l fnba :xrlrlnrl /I\('\R n 2 IZ ('\IZQ('\

1.5 Ag

== .I.l_ agocuou—(Yg) A\~ =

|¢6§tlp$n (rpm 250 2561930 220 pH 8.0 | B. 1 AR

M2 gene-
T7187C TtoC Ts
start

G9035A, T9036C CtoY Att

C10570T, A10571T QtoL ts

T11628G DtoE Ts

= & £

T12040A YtoN Ts

C13147T, T13149C HtoY L Att

10

15

20

25

*Amino acid substitutions relative to wild-type RSV A2

[0229] In some embodiments, the RSV that may be purified by a process described
herein and/or contained in an immunogenic composition described herein is engineered to
express one or more heterologous sequences (i.e., the RSV is a chimeric virus). The
heterologous sequences may be introduced, e.g., into the F, G, NS1, NS1, M1 (ORF1),
M2(ORF2), N, P, SH2 and/or L coding sequences. Non-limiting examples of heterologous

sequences that a RSV may be engineered to express include antigens (e.g., viral antigens,

bacterial antigens, tumor antigens (such as those described by Robbins and Kawakawi, 1996,

Curr. Opin. Immunol. 8: 628-636), fungal antigens, and parasitic antigens), a marker or tag
(e.g., a flag tag and a His tag), chimeric proteins (e.g., a hybrid of RSV G proteins from two
different strains of RSV), and proteins, polypeptides or peptides possessing a desired

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

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
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

antigens include antigens from adenoviridae (e.g., mastadenovirus and aviadenovirus),
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112 1.5 Agitation (rpm) 175 175 134 134 Table 21. 1X

) 1.6
1.0 4.5



8.0 0.18.0 0.180 0.1 Tenperature 37 0.1C 37 0.1C 37 0.1C 37 0.1C
DO 50% 50% 50% 50% 5 [0363] Cell Detachnment Procedure: Wen the culture
pH r eachewiono10®36®01, add cal cul ated vol ume of 10X TrypPETtus2@9f0581a87
concentration of 0.05X through the injection port or through the nmedi um
port. See Table 22. Note: You can also perform 1:2 ggdiluti n of the 10X
Tr ypLE W1y g fepg-th‘Fép?i‘e“érPPléﬁV%? iih?gpegé}w Vfﬂlﬁrg FPe REPREh By port
take sapple shpiat VW0 ERME BadRirud MHVELESVYRhi ky%ﬁle%ﬂo@ﬁﬁs@%@i@jﬁdﬂ@t e.
Cel | detachment shoul d be conplete in <60 minutes: Add basal’ mediumto the
ori gi ndk.gwdeviving, vskuplrectefia plirec dH2, alldeviessygloxvisidep (ag.|, chandppaivitimeps
except the agitator and pH contr.ol Slenarii \{.0364}%[3 Bead to1 ead Pr.oceduyr e:
Tr ansf dFT 1REY & FYBE VO urHR '8P detacREGPREI'TYS: Y P FIVHED Y datiePTOH" r ¥hct or .
See sTalhedshoxRinddP b&oddvirid@X(cld. Yo AlitRRad BhsilIeRaeHals) WakdthyGvitRlad me
2L5L10L15L 10X Tryﬁ @p(m_)Slzﬁz%S@.J‘go Tabl e ZSEhlgead to é\gaad rocess

Tr ansf de-gt. PaRnpaovIPRD gaetifbsnRedasdr mpbglikipys (e.g.. measp girpactubrlagisiki ng

vol U8 22 B livuc PheyRlndy DR DLZ Blle b ifus nbnire@ifdy shnditvited >

Conpl et

human respiratory syncytial virus and metapneumovirus (e.g., avian pneumovirus and human
metapneumovirus)), picornaviridae (e.g., enterovirus, rhinovirus, hepatovirus (e.g., human

10 hepatits A virus), cardiovirus, and apthovirus), reoviridae (e.g., orthoreovirus, orbivirus,
rotavirus, cypovirus, fijivirus, phytoreovirus, and oryzavirus), retroviridae (e.g., mammalian
type B retroviruses, mammalian type C retroviruses, avian type C retroviruses, type D
retrovirus group, BLV-HTLYV retroviruses, lentivirus (e.g. human immunodeficiency virus 1
and human immunodeficiency virus 2 (e.g., HIV gp160), spumavirus), flaviviridae (e.g.,

15  hepatitis C virus, dengue virus, West Nile virus), hepadnaviridae (e.g., hepatitis B virus),
togaviridae (e.g., alphavirus (e.g., sindbis virus) and rubivirus (e.g., rubella virus)),
rhabdoviridae (e.g., vesiculovirus, lyssavirus, ephemerovirus, cytorhabdovirus, and
necleorhabdovirus), arenaviridae (e.g., arenavirus, lymphocytic choriomeningitis virus, Ippy
virus, and lassa virus), and coronaviridae (e.g., coronavirus and torovirus). In a specific

20  embodiment, the viral antigen is derived from a virus that results in respiratory disease, such
as influenza antigens (e.g., hemagglutinin H5 and H7), metapneumovirus antigens,
parainfluenza virus antigens, Newcastle disease virus antigens, Sendai virus antigens, and
infectious Laryngotracheits virus antigens (ILV). In certain embodiments, the viral antigen is
derived from human parainfluenza virus type 1, human parainfluenza virus type 2, human

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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13.125L Cytodex3 microcarriers 3.45g 8.75g 17.5g 26.25g WO

2010/ 036760PCT/ US2009/ 058157 8.4 Prot ease-Free Bead to Bead Transfer
Process amo 2088036160 ATF [ 0365] One of the mmj or chalPCErusea9fnss1s7
produci ng vacci nes, reconbi nant proteins and other bio therapeutics is to

repr odg&' b}lgkgﬁ[det ach th gdher ent pr OdL%CtI 0 ceI | s Lrom the culture vessels
and t herleBBAie REAHMHEH) o VRERE i eRs TBEE 618, CHBr4idsecHebnal |y known as
sub- 5 E:d%a{r&glél[bgmfer&lfdc}& aefdFeRest E%znﬁﬁﬁ)@@i%§ E}@ﬁérlc%ﬂ &1l vadif §pgielst for

m crocarrier-based production in large scale manufacturing. To ensure the
cells Uélepwdpesm@mulmoegﬁmllﬁ gucics.yyorans orlguriy fsoviencs, Seagent/s sgeia. |

TrypLE) conmon ver i on roc s can be hard
R R e i T o e R T PR R D e

negat i VRulbhRI&GHaRRe fangly, BRUSSHIRES fathilyTRIRLAGH Mk D Girfily) CRISESsRBEs even
reduction in productivity. Here we describe 10 a new nethod that all ows

manmal idethlerdasacan fpaily.ireydodactpiiy e g, Heltrdaeistiunparercebis), Metsstréicses i al | y
passag t i Kk h s met hod nmekes
oo of EBf Q5 naflEn bhE MRl B Ay BrbBREERE 0SS ot hod may

f urt herPsopdsmeuial epecidst Rhiabbiecdaatfamily tSpng/@nt Faahily, Bpwogbenuce@e fafiily) to
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viability over tine during cultivation are plotted in Figure 15. As can be
seen fromthe plots, the cell counts and viability of the cultures

pr opagat esousiog6wDTA al one (protease free) and ETDA/ TryplCHSare/os518par abl e.
Furthernore, both these nethods were generally seen to WO
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Phthirlus pubis; and Dermatobia hominis.

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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exposure to increasing anounts of EDTA, 0.5, 1, 2, 5, andli0 nM
respectively. Sonme 15 rounding is seen with the 0.5 and 1 nmM treatnents.
Tr eat mentwai20to/@6mM and up results in additional roundi rgTarsdoodesashnment .
Nearly all the cells detached fromthe mcrocarriers at the highest

concentrati of  EDTA. Based op these observatigns 1 - 2 nM EDTA can
facilitate [ggﬁ] roundi .mftg@sdi?ﬁe%b%@gﬁﬁdf ?@Ffeé%ﬁﬁfcog%ﬁgﬁfl% s was
per f or R rdarrxafdiveayvdcha glifsegt, of 20 TrypLE concentration in the presence

of 1 or 2 mM EDTA. After pre-treatment with 1 or 2 nM EDTA, TrypLE was
added to tH@24HI 16.cul tTheanethod af ¢mpadimenintent, mdicram thefMDOKLGSIX ar®. 025X and

0. 05X and t achment v it Fi 2 . t he det ach t f
he cel PRiR PREDwaelr eh Sy bhssel b it SO Re oS Ene BoT bresg
Tr yBLE fe¥Bdtwkéd™B and's diysre zero after TrypLE addition the cells showed a

rounded nor phol og%/ (Figures 24A, B, 25and C, 0.0125X, 0.025X and 0. 05X
TrypLE, redBHi vkl y) Thietnethod of anydweaf Hireniecedmg @ubadimentasvhereiathery ypLE

addition..al e .cul.t - - r

20101 0BRGP eSO BEE pEIRNT S TR AL ANRR e o &f QB E ¥ 0650 ot
all theboei 4.6 toeboat A8t chadpanitirsi meaitthingd bagy camsbab S8V ad {Hougdaces 24 E
and E, respectively). At 0.05X TrypLE nearly all the cells were detached

and | i tanddhedissphysdxnaen GYbisyantpimpd betacom apgut 3pgnfeBeut MEn t hese cel |'s
werg transf ddnto i \ﬂ@é@, i sh

gr C}Rt h rredi[g?ﬁ{ t hgéy faﬁegg%gé ?ﬂ%ﬁdgg%ft 0 ﬁ%edgrjfég&gn n%@vgr%e:r%gfgﬁerel ers,

| i kel y MDEK celished priolitamatod at dveagitiatien st oftlattweomms] S0nptate 200 esh. gr owt h nedi um

[0373] The jtion of __a matrix.of CaCl2, C12, SQ¥, and trace el enents
A B and. GOEBIL K" gr oRitATHEe STV aE DR e TS BT 48 Wver com
the cheligidropelRfatEFlolifRadl hALHITRR betdadn 9100MdY.8 Tabl € 25 shows the percent
of cell reattachnent and spreading on 10 day 4 post seeding with the

addi ti on of[0244tatl0i x ofheqoetbedot embasimmentf9, Ghekdn thogp®llB,7. 4. M\gSO4 t o Medi V
105 .SFM gr i um.. Tabl 6. shows e cell,.counts.on day 4 .post seeding
o o he addeBlon lof R o §F ENE ah ARt Fes oS HhetoR i sorang
Trace BpmadtdlsAre Bolifistefat 4 @nifetitiec 50357-8F growt h medi um As shown in
Tabl e 26, MDCK cells reached over 1E6 cells/nL and above 90%cell viability
on Day 4 pd824@ledd-t o Beadcthed ot anysmeof fiisarcogdaigenipaligens.waergn gl enent ed
wth 1. . . Of@all ments A, B,
and C. %??ﬁe%%{%%gégﬁ%%gﬁaﬁﬁ |o#a@%géﬁleﬁ(?%e%gg%yﬁgb@?ﬁorrred to
further opt[02daAe 1BheseTHeanéthodof ary mxafeeprecedigt antadivacithevtapéin mum gr owt h
conditions for additignal cells types (e.g., VERO cellg) and/or to nmake

t hi®d pridP&&scslspigprol er%{ﬁéft%afflbcti%hﬁltwé RREWBTOIUCE FOk 180 f@gﬁay EDTA
Concentrati t udhi es MRk i q 3 re
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densi t Ybpfs carrRdxl0Bsiogh Vahhhputifdcserd Oeb sl O Fildslset0. &t 107 EEUahLpH whi ch

was controll by CO2 and 1 . 50% of  air saturafionw th the constant
ar of 20 bERIn1557c Trpehod Grabohestd mheRE SE & vorcd o Sy b, vhen
fully conl lipanbs terded 0.0 1 16EBFORNL 36 0oy F2%/mE_of 25 microcarrier culture
was transferred into 6x 100 nL- flasks, and then EDTA was added to each

fl &8k to mdRSUi flber enkhefmethod ebayemerodthagrededmessmbiodiments, whidein 3@
Sub tl .t.,he fl.asks. i t i i 7¢ 5% CQO2,
Suboe8Pt iy L BEHTAP R TR SRl OBy P45, 2757,

t hei ncubat ijgpsperi7od ViR fahd®sNBEbdEmeRneek whbRirlegs @9 id heriékbltuishgaone
spherical in shape(roundin lﬂ«.ﬁ at different EDTA 30concentrations.
[ 0375] vmaypxpEt@“é?eé\‘f@endb%@gtFr /pdhand).eM8i AL Fdh Wth The Optini zed

Concentrati of | EDTA: r ' : .25 Wer e
seeded to éﬁg§gL-¥%edﬁvE%c or%g%%éagﬁgﬁggh%E%%’ glﬁg%%%%%sg%%%ﬁL(:at a
den®i t Vinfifienka Siryd@arecalld sdapted. according to TR #348. The seed reactors were
run for 4 days. wth the sa i oreactor paraneters descri bed above. On day
4, 1M of AP el adddis r{l%ﬁ%qlb]%fo BRRABRERIOIS, VAR CHHBICEENEFI £ S9M EDTA
Bot h m@ﬁ@n@ﬂ&fﬁhﬁ%n&&ﬁu&eQQH&W@I 175 rpm Then, pH of both bioreactors was
adjusted to 8 before transterring cell suspensions fromeach bioreactor to
3 x 5500 nL shaker flasks. From each set of culture, 10X TrypLE Sel ect was
added to each flask to make 0.05X, 0.025, and 0.0125X final concentrations
and were incubated at 37C, 5% CQ2, 15§1rpn1in orbital shaker for 30

m nutes. During the incubation period, sanples fromeach set were taken
periodically for mcroscopic exam nation to check for degree of cel
detachment fromthe mcrocarriers. As per mcroscopic observation, when?
90% of the cells 10 have detached fromthe mcrocarriers an equal vol une of
Lima Bean Trypsin Inhibitor (LBTlI) was added to stop the trypsin activity.
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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 (¢).

[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.

[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).

[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
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
logioFFU to 11 logoFFU 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.

[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.

[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.
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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
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.
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
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
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
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)
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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Dakota/6/2007, and B/Florida/4/2006 (referred to by the wild type strain designation
preceded by the identifier “ca”) were produced at 2L scale and all the three strains produced
viruses at a titer of at least 8.4 log;o FFU/mL. Proper detachment of cells in the seed reactors
and attachment of cells in the final production reactors (FPRs) were observed after bead to
5  Dbead transfer using 1x DPBS wash and trypsinization using TrypLE select and EDTA at

pH&.0. Upon infection these cells were sampled periodically to determine the optimum
harvest time. It was found that the peak virus titers were observed at 3 days post infection
(dpi) for all virus types. Four runs for each of these strains were performed to verify
reproducibility of results and the data were in-line to each other. ca A/Uruguay/716/2007

10 produced the highest titer at 8.7+0.05 logio FFU/mL at 3 days post infection (dpi), while the
peak titers for ca A/South Dakota/6/2007 and ca B/Florida/4/2006 were 8.840.0 logio
FFU/mL and 8.45 £+ 0.25 log;o FFU/mL respectively at 3dpi.

[0332] The reproducibility of data from these runs indicates the no medium exchange

process is a robust process. Thus, the fortified media maintained productivity without either

15  exchanging or adding medium or components. Accordingly, development and use of the
fortified medium has overcome one of the most challenging operational problems in cell
culture-based influenza vaccine production, the requirement for medium

exchange/supplementation.
8.1.1 Materials and Methods

20 [0333] Materials, Reagent and Equipments: Other materials, equipment and reagents

which perform similarly may be readily substituted.
1. Dulbecco’s Modified Eagle’s Medium (DMEM) / Ham F12 (Gibco, Grand Island,
NY, Cat No. ME080012)
MilliQ or WFI Water
MediV SFM 110 base powder (Gibco, Grand Island, NY, Cat No. ME(080045)
Glucose (Invitrogen, Carlsbad, California, Cat No. 15023-021)
Sodium Selenite (Sigma, St. Louis, MO, Cat No. 6607-31) ?
L-Glutamine (Gibco, Grand Island, NY, Cat No. 25030-081)
CD Lipids (100X) (Gibco, Grand Island, NY, Cat No. 11905-031)
Wheat Peptone (Organotechnie, SAS, La Courneuve, France, Cat No. 19559)
Insulin (Serological, Norcross, GA, Cat No. 4506)
T3 (Sigma, St. Louis, MO, Cat No. T5516)

Hydrocortisone (Mallinckrodt, Phillipsburg, NY, Cat No. 8830(-05))
89
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| nf | uenzawpQ8iB6Hhe devel opment of a robust | arge scal eCparszéM9Ost1IEDN
process for influenza 5pr oduced in cell culture required intensive

devel opnen rly stage proc vel where the viral harvest
(60- 65 hoéés 68%? Wﬁy%igﬁgﬁygﬁg ﬁﬁ@@ &ﬁ<§ ggﬁ and 10X sucrose
phosphatelﬁs@c;m&gﬁla g&aﬁo@iglct@@b tfatNBeEyd4u§ll harvest (VH) bag at 1/10 (v/v)
dilution for viral “stabilization. The stabilized viral harvest (SVH was

first treddedoni¢ hnBemzmnééEafaKJ B@Balyai, Poillipsbwig, NJ2CatNGO80-04) 32 C for 3
addi tion &1 5 RRY BB Sarlohibe YIE G et 07 e cconbi nant endonuc! ease’
t hats degr aglesTdWEleicnt Rl(TH @%:ru@h&ﬁétb@iﬁwﬂasgab eV RI €SENG. @901f82'1@9 nesi um i ons.
The Benzonase treated viral harvest was then clarified by a 2
17. Trace Element B (Cellgro/Mediatech, Manassas, VA, Cat No. 99-175- cl)
18. Trace Element C (Cellgro/Mediatech, Manassas, VA, Cat No. 99-176-cl)
19. Sodium Biocarbonate (Invitrogen, Carlsbad, California, Cat. No. 91425/87-5067)
20. Dulbecco's phosphate buffered saline (DPBS) pH-7.4 (Invitrogen, Carlsbad,
10 California, Cat No. 14190-367)
21. EDTA - DPBS solution Bag (Gibco Cat No. 14190-367)
22. 0.5M EDTA pHS (Gibco, Grand Island, NY, Cat No. 15575-038)
23. 0.2um steri cup filter (Millipore, Bedford, MA, Cat No. SCGPUOSRE)
24. TrypLE Select (Gibco, Grand Island, NY, Cat No. 12563)
15 25. Lima Bean Inhibitor (Worthington, Lakewood, NJ, Cat No. LS002829)
26. Cytodex 3 (Amersham Biosciences, Piscataway, NJ, Cat No. 17-0485-03)
27. Sucrose Phosphate (Hyclone, Logan, UT, Cat No. SH3A1578-01)
28. 10-20L sterile bag (SAFC Biosciences JRH, Lenexa, Kansas, 1329B)
29. Roller Bottles (Corning, Corning, NY, Cat No. 3907)
20 30. NaOH IM solution (EMD, Darmstadt, Germany, Cat No. 1071)
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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Anhydrous
NH/ VO3 0.00065 0.00065 0.00065
AgNO; 0.00017 0.00017 0.00017
Aluminum Chloride 6H,0 0.0012 0.0012 0.0012
Ba(C,H50,), 0.00255 0.00255 0.00255
Cadmium Chloride (CdCl,) 0.00228 0.00228 0.00228
Chromium Chioride (CrCls, 0.00032 0.00032 0.00032
anhydrous)
Cobalt Chloride 6H,0 0.00238 0.00238 0.00238
Cupric Sulfate, Pentahydrate 0.0029 0.0029 0.0029
Ferric Citrate 1.1551 1.1551 1.1551
Ferric Nitrate, Nonahydrate 0.05 0.05 0.05
Ferric Ammonium Citrate
(FAC) 0.2 0.2 0.2
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GeO; 0.00053 0.00053 0.00053
MnSO, H>0 0.00017 0.00017 0.00017
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g’;’fz‘z’)‘)us Sulfate (NiSO4 0.00013 0.00013 0.00013
Potassium Bromide 0.00012 0.00012 0.00012
Potassium lodide 0.00017 0.00017 0.00017
Rubidium Chloride 0.00121 0.00121 0.00121
Sodium Selenite 0.0173 0.0173 0.0173
Sodium Selenite,
Pentahydrate 0.00263
Sodium Floride 0.0042 0.0042 0.0042
Sodium Meta-Silicate .9H,0 0.14 0.14 0.14
Stannous Chloride(Tin 0.00012 0.00012 0.00012
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15by rinsing wth deionized (D) water for 90 mns to renove the glycerol
preservative, sanitized with 0.5 N NaOH for 1 hour and equilibrated with |x
SP buf f erwornnido3ttee pH is 7.0 before each run. The enti PeTAXUWLSIFT pr ocess
was operat ed using the Uniflux skid programmed at a constant shear rate of
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[0384] Packi ng of BPG 100 /200

CS resin was stored
he anpunt 15 of

resin

requir
conpr ¢

ed to pattacg H

raensSain. BPG 200 c

ol um whracedlementseBolnsCng a

Lomponearitso of 1.1. Bot hmgRGL00 andomp&a&ftscol unms wer e npglbked t

o t he

t ar get
respeg
a two
exchan
col unm

enpty

heD s ght of 17.5 cm or.@oar get |[p&idlvéH e of 1.37 L and2®. 50 L
r 888100as cal Agl@s ed was prepared hy1perfor
tSat@stel@NS er exchange wi th30 x SP pBdi{CgiH;00.0l | owed by one2.5% ne bu
Jeerng tithatex 5P/ 1M NaCl bufsdzeto 20[|08B5] The BPG 100 and BR2 200
s were assenbl ed according to the @adif acturer's instruc.2®&ns.
col um wWisacpEt@aeats, SalanBt i zed wi t ©oCL,BHMONaOH and rinsed3di t h D

tZn8&8),y7H,Che anount of

wat er

BPG 10
(targe
aut onyg
slurry
col um
wat er

hei ght

énérge. [ x SP buff

(T
(M,e@cgyﬁgoat 500 cml hr toogenerate raarcoq umm bed hei ght of42.(§3
tNaLBid8.gn20uUsSi ng t he AKHAprocessTnese®, d. The AKTAprocess .3 an

ermyas used celf

tngdMO,qui d 25 chromat ogr @@sy Systjern

NiBO1-8H®/ 1M NaCl buf f er gwgs pourledb@l ong the side wall 0%1the €
resin ipemai ni ng| 2odihgHw@! |

The nemin was| al lowed to settle to aresin b
Ahmabiuhessit 10 cm below the liqujid |evel.

1Tl, @Ayydresd)dual
|N’Io|§\b(ﬁ@]ud:|dt bottl e.

aaMydragdy the CS resgm into

[0386] The

was ri

The top adaptor was

m ng
if fer

An

a
20, cm
i n

npt'y
h
ed

premafed res
nsez.off wt

inserted in_the col umm w thout disrup t|n
with retaledng JOPXhamically Reﬁn%lutm@

at the columm inlet.
- AKTAprocess systemcolumm inlet 2 -9
WO 2010/ 036760PCT/ US2009/ 058157 3 -
(a female lure lock used to inject high salt solutions for
BPG 100 /200 Colum Inlet [0387] The BPGLOO col umm bottom
outl et was then connected to the AKTA system 5col um outl et.
the connectlons for the 4-2 vaIve

wast e

test connector

HETP t

Iovverl

or recirculation |line)
est) 4 -

ng the col um adapt or,

| um

The four different ports were connected as foll ows:

manual purge

the 30 resin bed and then secured

LyAoltiqny- 2 val ve) was install ed

1
(connected to
Spi ke

Bef or e
ports 3 and



[ 0389] Before the packing evaluation, the CS colum was equilibrated with
| x SP to establish a stable conductivity baseline. Colum packi ng was

eval uat edwbyoionj3embi ng | x SP/ 1M NaCl at 2% of the col unerCraiseons/0f&I¥j usi ng
t he spi ke test connector (port 3 to 4 on 20 4-2 valve). The colum was
equi | i bratedwth -t xSP at Hlegwrateof 56-cmhr (port 1 to 4 on 4-2

val ve). pproximately 1/2 the CV. The
ng c%ﬁ%%‘%ﬂ'%?'? peak oiP%

resul ti e Uni corn |software was used to eval uate
the collugm pldvEsiREPlght éHETP)385nd pea%zoasym‘retry. Once the desired col um
HETP V\aler galasaphere! umm idS saniti’%ed’|and stored in 0.5 N NaOH before
use. 2‘)[0390}'”@@|Cl'°t9‘?| ne Sul f #°8 chromdPogrlaphy (CS): Tubing rigs for the
AKTA Proces NHC (eifle prepa?éé“énd aut'8ci daved t he day prior to viral
harvest. All M@’H@'Ct'%ﬂbq‘ ng ri gs 2813% ngs dPe detailed in Figure 9B, top panel.
The entire ch@@ﬁa‘f‘%ﬁr aphy pr was égtonat ed by progranmmed net hod.
[0391] |All fPAWitEARPS of AKT&E ess s vere manual ly equilibrated with
1X SP 30 beF@mdolsicchtid un. féd1start 18f tlhe process, the colum was first
equi | i br at edPWee B8& ol utm vol unes (AYPO %@ Ix SP at a linear flow rate of
150 cmhr. TREARAG% vol ume 28¢48XUF 5XBF TFF1 was then | oaded onto the

col umm Land _unhWeRHeY material was coll2€89ed as flow thr ough. After | oading,
t he col urm W37 Iwaibkedcini conditians anil meth@l: Bor alBbe exparimengs, ErodiRs wide

Benzonddd e S TA tgeto <pie b Sl W erash) Fra ABiEL B Rt B

t r eat mah¢ 20081B009eciRasedrised) e@th%Way,QheA/sadth@dk@td alded B/FloDdB. S@stul vol une
al l owed the colum resin to have a Benzonase contact tinme of 50 m nutes.

The colfiFRs Wigrs ramgridopisaleenditions to eyursfrohystngss gf proeesg aptheantye vaprbiby. t he

I CV of

e e At 3t G SEHY e IRARARGNE HEANAR PLoraRE, ARERALA B0 oV o
1X SP/ Je!&ib]hh@& (HofNTE) profbﬁemd@bymtde usang one loff 26082009 vieus ¥or dachagpeainaent.he
e S B R e 26 A B ery e e Al PO o
cel ). Jinge tonflitin %hﬁﬁéé&ﬂﬁs rRIMBPG hOBnferiiRctich &Bgﬁ@f@a%Fse\ké%eo 6 to

0.9 L. The 10 colum an rocess systemwere sanitized with 0.5 N NaCH
af ter eafchtegvoteds samnvirfheraoo tawaptigguocdss vaviabilrtpibius, aasH odhs2 él uate were

led.to test for by FEA, . Benzona H and. HCP. . . 0392

Tt Ry o deRan s xRl T RRETT PRETSatam SRA AL HBelt and

vvas perthRe reds/a00Psdidal Vitud M idvank ¢ iediam éicﬁ!lﬂg%cﬁrd)&@§ A 500 kDa MACO
hol l ow fiber 15 with a 0.5 mmlunen size, 60 cm path Iength and 290 cn®

total nenbrl@Ad8]s Flicdes 2axperimerts tsexperinomad thgencrite morrdabt faiéhcar ea and t he
vol une o [ 0 S, il nge of
20- 50 Lp/errfﬂ%an%;geﬁ%%geﬁd? IﬁQX&laﬁg yr%m%s% Qﬁ tht Bg)ﬁg S%pﬂ% %Y@a“ng%p%ﬁ%e e TFF2
pr oces3xas HPRBW @b sloculwal frarh el Aanwmé imgv¢téd Wah allalsres edaypnadrirtifie

Fl exstand the day before viral harvest. The hollow fiber was rinsed with D
watlér fressotangs e@p@rﬂnlzet?@%%enhﬁ@te@ﬁ gERFIBIeng ¢ aising ydantige coBdiFPRS. zed wit h
0.5 N cl\iﬁ?g I i e pH
reache : fg%m&lthfa()ggglgﬁ ?#wel Og&rl%![}?é UWF yfbc%% \Ja%%bltﬁ]w fne&d%/\{gé agcretgggessed

t hr oughpetfoem&icexosd theen my&hmrmcﬂ'ahgewmt e line was closed initially to

allowrecir tign of the uate at a feed flo te of 0.5 L/mnto
generate al ﬁﬁ‘ﬁ Véﬂ%ﬁtrile% °§1nf60tmaé1fit]ilf‘eiquff‘&ﬂv¥e‘ﬁﬁ DHSCAE? M9Chialfyt es |

the 25 marytRané dip @ﬁm\é@tsarggggaggedglﬁ@g@ diafiltration. At the sane tineg,

SP 100 buffer was punpe hrough the diafiltration line and the retentate
cor0rol val ve was gradually to obtain a transnenbrane pressure (TMP) of 20
- 21 psi. The volunme of the retentate reservoir was kept constant at a

vol une equal to the CS elution volune (range fromO0.4-0.8 L) for the entire
process by controlling the punp flow rate of the SP100 diafiltration |ine.
Before run 8, the 30 CS eluate was diafiltered with 5X diavol unes of SP 100
buffer. The CS eluate was buffer exchanged with the 8X di avol unes of SP100
buffer for purification runs 8-9. At the end of diafiltration, the
retentate val ve was conpletely opened and the perneate |ine closed again to
al 18w f or systemrecirculation for 5 m nutes before product recovery. The
diafiltered product WD 2010/ 036760PCT/ US2009/ 058157 was drained into a 10
L product bag. The diafiltered produc95mas sanpled to test for infectivity
by FFA, Benzonase, HCD and HCP. The hollow fiber cartridge and system were
cleaned with 0.5 N NaOH for 1 hr at a recirculation flowrate 0.5 L/ mn.
[0394] Direct Flow Filtration 2 (DFF2): The filter rig was prepared and
aut ocl aved 5the day before viral harvest. The filter rig drawing is
detalled |n Flgure 98 botton1pane| The 0 22 Ian1po|yether sulfone

.. a A~ Y. Y — N 1




negative controls are included in each assay. Test sanple DNA are derived
using a DNA extraction kit. Sanple DNA quantities above the lower Iimt of
quanti fi ca0i201/036760. 1 ng/ M will be cal cul ated from t he PETAISA@OMSKIAT Ve.
Accuracy will be within 75 to 125% based on recovery of the spike control.
The reported resylts wll he nean u of the sa extraction
repli cgf”éé gh ' %r%‘BF‘Rg cFééWéF)‘/‘sm gﬁ ‘5%91{18“ Rsgetor )anal ysi s
may be performadnffﬁlﬂ'g commercially available kits, such as the Quant-i T
PicoGeen kit (Invitpogen, Eugene, Oregon, Cat. No. P11496), follow ng the

pr ocedur ib th idual Host Cell Protein

Det erm r]%gplgglﬁ&{t §}1{k& dﬁlg{ﬁshost 0[%?(1%]1 protein (HCP) are determ ned

by an Enzyrre Li nke nosor bent Assay (ELISA) using a prinmary

bi ot i nykaf ﬁtaibbl tggnt i BE&Y-1pr oduced ¥t HCP (from an uninfected MDCK

cul ture st rept aV| di rPRarige r adesh/(pegaxi dase (HRPO) conj ugat e.

Ant i bodi es agal nst NMDCK G&iph ol lysatcg A@é&t@ﬁ%‘iabed onto a pol ystyrene

m cr opl Bxeerimdnt® ocki ng saol uti on cont al ni.n ovi ne serum al bum n is added

to saturate the exggss bi g si tcésMS Rakz?%dl lution of test article
sanple i s added to the cd®R8d.lpl at e,catBiEloMCK HCP, if present, will bind to
the coat@f"&itibodi es. Ampiimary bi qtigrbapel ed antibody agai nst MDCK

| ysate rai sed in rabbi tsc}j i{t“?’ ded to | ate, followed by horse radish
per oxi dase (HRPO) | abel e pt avi t aﬁgat e. Finally, the HRPO

subst r aEeerigienidded 3d afPRUIBSA plat/éSeutabaotda s 15used to neasure the
intensity of the col ored gppd 3pr oduct ., fwrpegd. The intensity of the col or
devel oped i s proportional P,th t he amount of MDCK HCP present in the test
article. A standard curve 18 %Jener af€dFP8% t he MDCK cel | |ysate cali brator
of knowhxpsrigieein coifdent ARSI  Fraam/souh Brkdtér d curve, the protein
concentration of NMDCK celdprbsuysat e | sqaetigndd ned. [ 0399] Resi dual Benzonase
Det erm nati ons: The Benzonase activity is determned by 20its ability to

cl eave herr S QE ?t i cI | i i pnpar ed

agai nst a B[g%gl F2Seeecrin Reactors ES‘II alﬁtﬁlg eﬂhe nﬁents g%ﬁ?s Wgr% g?dwn isnasggcri ed with a

spect r aphretasmtaetitiel 2260 snmcamaemg ergZE ot Csywdkg 3 rrm@memers( 1Be\nzdm$§e\/1
activity) is calculated to determne the net Benzonase he net

Benzonaddé mrdiyicoptapingTase E@alqn@r%f%ﬁ%cs(m%‘éusg% h%f&%@rhf&dw&ﬁw 1 and
e e R oA

an 25unsp| sanpl e utron s to be
guant i fidabicel, toaviediVisF NI d 08 emdies piithehe ecepesn/thatiiedd SEMbEISWe erad80utastd 120%

8.6.2 Resu ts 0400 the SUB r ns showe har vest
titer rl @ﬁg@P%l‘s S@lma%%ﬁ{f@m@rwopmﬁswo GHCHEE resul ts
usq@ t Q) YAk u%aﬂﬁn@%rfceﬁt?aﬁ%v@e €GN, PM AhVERLHRAVAD. vases&n@were

sum‘narlzedlnTgI 8, Table 29, and Table 30. The folfow ng sections will
sunmar iizecudaict di lslﬁxdﬁ ¢ds/nahh é@rgaapenmadﬁs fldo B rapd @&IQMIIpYndcfys@meﬁnmtssncy

and the, fi rod uallt rocess. t .for th tial and
final uridT dHBBR St Sl i T e RE RS BT apg 1o hATERMERB ne
msu or V\Cﬁg@@g%%eﬁ @@maf b Yortint fot£1FomOSF 0.0NSyrh OTH lcaﬁt%olwsldﬁmlcmddon runs.
I 7 BPGLOO 06 cii. 08 61 \$v: )/01.Z1 (:)/01.9L 9909 92. 0%
108 0% utihigingdgptin@ O, @ml 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



SIMy 817 0010d9 .6 cii. 9'9 178 9. 9L %909 99.96 64.0% 9%7.9L Z.6
(/017.0 N OVV 99 - 09 BPGLOO 1.6 cii. 178 .9 124.2%9%9.171 % e
(Y00. 176 wo208@361309 CO |l eWEl 99 - 09 BPGLO0 Z.6 ciPCI/US2009/05857 124. 3%

. Z17

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.

Parameter set-points

Glucose (g/L)
Initial cells/micro-carriers

™)
Final Working Volume (L)

Micro-carrier (MC)
concentration (g/L)

Dissolved Oxygen
pH
Growth Temperature (°C)
Impeller quantity/ type
Agitation (RPM)

pH control

Total flow (constant
throughout the run)
(mL/min)

Media used

Seed Reactor (SR) Process Conditions

Controlled Quantity

SR1 SR2
9.0 9.0
22.5 22.5
2 5
2 2
50 50
7.4 7.4
37 37
1/ marine 1/ marine
175 175
. With 1N
With 1NCI\(l)aOH and NaOH and
2 CO,
40 40
SFM105 with Trace SFM109

elements A, B, C
97

SR3
9.0

30
2
2

50
7.4
37

2/ lightnin
175

With 1N
NaOH and
CO,

40

SFM109

SR4
9.0

30
2
2

50
7.4
37

2/ lightnin
175

With 1N
NaOH and
CO,

40

SFM109
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Trypsinization conditions using bead to bead protocol

Values Units

Steps Specifications and Set-points

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 t;ead to bead 125
transferred (mL)
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
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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
(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
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
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
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
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
of each 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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8.0 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.
5 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

10 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.

15 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.

20  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,

25  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
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
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
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

tangential flow in the other direction. The cycle is repeated.

Table 14. Materials and Reagents

MediV 105 SFM (final 9 g/L

N/A - See Table 2 above

_glucose) : :
 NaOH pellet EM | §X0583-3
Lima Bean Trypsin Inhibitor Worthington - LS002829
| . _ ATCC accession number PTA-7910,
e sewooMIbsL L
WTrypLE Select 1X s Invitrogen 12563-001 e
Cytodex 3 mersham 17-0485-03
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA GBOBGIERCES
DPBS (without Ca*" and Mg™") Invitrogen - 14190-136
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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.
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).

N
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4. 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.

5. Autoclave the entire unit at 121°C for 30 minutes at 15 psi in the liquid cycle.

6. Once autoclaved and cool, connect the DO probe, the pH probe and the stirrer
motor.

7. Aliquot 1N NaOH into small feed bottles, connect base line and prime to its
respective reactor vessels.

8. 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.

9. 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).

10. Add glucose to final 9 g/L

11. Draw samples and measure by NOVA, perform DO calibration and pH correction
(if needed).

12. Turn on bioreactor controller and run with a flow rate between 40 and 320
mL/min (for working volumes between 2 to 16 L).

Table 16. 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 500 mL/min 500 mL/min 750 mL/min 750 mL/min
(Media exchange)
Filtrate flow rate 160 mL/min 160 mL/min 160 mL/min 160 mL/min
(harvest)

[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

Ethylenediaminetetraacetic acid ‘ . Cat #E5134-500G
(EDTA. disodiom salt dibydrate) by | D1EWE 01 sduivalont

0.5M EDTA pHS Gibco 15575038
0.5M EDTA pHS8 In-House NA
Dulbecco ‘s Phosphate Euffered Sthne Gibco or equivalent 14190-367

ith
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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
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.

Table 22. 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-
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
a new 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
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
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
EDTA pHSin 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
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.
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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
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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

5  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

10 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

15  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

20 [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

25  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

30  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
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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
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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.
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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) -

10

15

20

25

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)
5  (TFFI): 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

10 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

15 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.

20  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

25  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.

30  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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3 — Spike test connector (a female lure lock used to inject high salt solutions for
HETP test)
4 —BPG 100 /200 Column Inlet

[0387] The BPG100 column bottom outlet was then connected to the AKTA system
column outlet. Before lowering the column adaptor, the connections for the 4-2 valve, ports
3 and 4 were checked. The top adaptor was slowly lowered into the resin bed and a small
volume of buffer was purged from port 3 of the 4-2 valve. This ensured that the inlet of the
top adaptor was purged with buffer.

[0388] The 4-2 valve was then switched to connect ports 1 and 2. The 1X SP buffer
was connected to the AKTA system inlet and flow was started at 500cm/hr first to bypass the
column at this point through the column purge port (port 2 on 4-2 valve). When the flow rate
reached 500 cr/hr on the flow meter, the 4-2 valve was quickly adjusted so that ports 1 and 4
were connected. When the resin bed reached the target bed height, the adaptor closer was
lower to resin bed. These steps were repeated until there was no change in resin bed height
and the adaptor reached the resin bed. The adaptor was further lowered 1-3 mm to compress
the resin bed to avoid any headspace between adaptor and resin bed.

[0389] Before the packing evaluation, the CS column was equilibrated with 1X SP to
establish a stable conductivity baseline. Column packing was evaluated by injecting 1X
SP/1M NaCl at 2% of the column volume (CV) using the spike test connector (port 3 to 4 on
4-2 valve). The column was equilibrated with 1X SP at flow rate of 50 cm/hr (port 1 to 4 on
4-2 valve). The conductivity peak appeared at approximately 2 the CV. The resulting
conductivity peak on the Unicorn software was used to evaluate the column plate height
(HETP) and peak asymmetry. Once the desired column HETP was reached, the column was
sanitized and stored in 0.5 N NaOH before use.

[0390] Cellufine Sulfate Chromatography (CS): Tubing rigs for the AKTA Process

skid were prepared and autoclaved the day prior to viral harvest. All the tubing rigs drawings
are detailed in Figure 9B, top panel. The entire chromatography process was automated by
programmed method.

[0391] All flow paths of AKTAprocess skid were manually equilibrated with 1X SP
before each run. At the start of the process, the column was first equilibrated with 3 column
volumes (CV) of 1X SP at a linear flow rate of 150 cm/hr. The entire volume of SXUF
5XDF TFF1 was then loaded onto the column and unbounded material was collected as flow

through. After loading, the column was washed with 1 CV of 1X SP at 150 cm/hr followed
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S

by conBicattig oRBCl R s NIded wyrach assy ohrst sample DA arerisrivebusinga NA £ of
BenzonasalidrAliMeihp R D ARG SLBB, Wikl foriiout aBmRFRRRorl eaLARNT for
the CS on-colum step. Secobnd, the WO 20107 036760PCT/ US2009) 058157 t ot al
anmount vl Benkohéskiromdig stadlardcirhe fueniacy eall bowithimoéessl 1580 baddoed.

Bat ch- node Benzonase treatnment requires one mllion units of Benzonase for
a 20-L virus harvest, while the on-col®m Benzonase treat ment only requires
two hundred thousand units of Benzonase. Thus, the on-colum Benzonase
treatnent reduces the total anobunt of Benzonase needed by 5five fold.
[0409] TFF2 - Increase Diafiltration Volume on TFF2 to Increase Benzonase
Cl earance: 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

o ~ o~ B o PN




15product quality. [0413] The Inplenented Purification Process Yielded
Good Viral Recovery and Purity: The conplete inplenented process was
denonst r aveaoion3piepi fi cati on runs 8 and 9. The average ®@CEBR09NFLIST
recovery of these two runs was 43.4% with an average HCD inpurity |evel of

0.72 ng/d G d 0. /d b HCP I I
D001 0 ISR e S KB ST R gl B dle BFBDDBSHREPILEY i1 o
whi ch ang ﬁﬁeéx@ﬁé’cﬁélﬁreﬁﬁédtés' (R AUl KpiRDRELLLGALIRNST S0 to 150bD4Hisc haptgmr V.

several changes were made tothe initial purification process to inprove
t he pr ouaske pfrfarmicé neipg anmnfermdly praddblckitspsath tsythr: inautthnlgcoCl‘l)een ké viral

har vest,. was cha ed from3 res It in,a mer HCD,and HCP
amur s (U REeEn” PREGer DTGB 96 RidaT0 ABuiRE e e BREs T R
bat Sh nmode [B898)0rRSRLLI H@It@'MPr@IezﬁM‘éIe&ﬂzn@%o@ﬁ T%@IréHTdhaBﬁdS\s%@él@ gaDCreat ment
to improve overall HCD degradation and renoval, the tar I oadi ng

concentiraicinghid) arméeteennetbxnamﬁszmﬁzmé@eLrnmrlemoymt A@wc{gﬁﬁf?ﬁ_usmg 9.5

IogloFF t ; t he fi nal

f or mul aIIAI on bYIItII]IngIrI‘tJed%g aﬁgneth\IE/IgI’ g%edﬂ?gohr §g1a éﬁ&h\/\tgrs& 1I%IrII(;ar elgnsl%fgéltte?éwnﬁ ?Kdl avol unes

to 8 dlcﬁd/tcﬂel)laﬁidistt@tﬁ@dlﬁ?}hl’ofs\éQacB@h’lIZ@GﬁlﬂSSGI‘(HRP\@I conpigate DAntibwlids agalnssteri | e

filtration Ioadrn% was decreased by half to an average of 25 L/nR to avoid
!

any pl M5Ggcdllypie 2ici ahagrbed pitp gtno tsrrrpﬁtrﬁtcrwf%h@ckmg solutign15] The fi nal
purjipf | Cc%htaﬂﬂngﬁ&ﬁﬁé&rha P id d%h%aﬁmlx{% tg@gﬁ%?@seblﬁ&lhg It vl o he
purification vuns are summarized i n Table 33. e averdge overall virus
recove rcgzluhas efitestrariiéde 281 Ple 08 6iEA RCIeWS200 9108 BISVIDIGCK #1CH, dof predeat, |w1tlr oved

ifi 43, 4% h 035
gl dosd P BBRETLG bogier 2! R PHBLHOr BB e o b MR e ey 1 or
HCD andy Qapbts id &Id@@%ﬁthfe %[até"@alo%lﬁ&ﬁhdr@ﬁéﬁish)f)&o%‘tfc%é(I@Rﬁopﬁb%ﬁ

specifications. The final | ks for purification runs wer e anal yzed
by DNA sgleztewainm%ugtmgm@yathdﬁl?é’@ subatyate 1Md¢ddn6@1p§bﬂ%1$etat¢)teed¢rn$ bl ot

anarysi beg bt bR SRU SRR FbFishias bRl FRSPLRBY oLhERRr 5. 65
IVbdl fi efdvBepéd is padpoptional @C@s ambait FPAD CRUHTRReRhOdUREeR st difi¢lbenZ@andard

[0416] Additional nodifications that can be nade to the robust |arge scale
puri fi caryeon spraseted Sogethe MIBEH qeH lyvaee @hibrsoreof nevh geaicingomentpten.8. 6 ar e
outlin i I i cular, the
har vesf}q’ OITIILa‘I:ITIIIdC IIIgérIQIgn@% %Eg%ﬁl%ti Illtpa%%n o@h@é&éﬁoéggﬁg%?w(% ng\%gHIgl he need for

a harvest t[as99] rrRgukel BMOM@M@MMMISﬁﬂi@Bd&rQﬁﬁas&ﬂdtNﬁWt@@V&rﬂtﬁhedd)yer al |
pr gcessi %%HII me. For, a_ snoother coupling operation TFF1 operation nay be

chaflged?ss rﬁf&ﬁ@%‘aheﬂwneaﬂ%tgtﬁteriraﬁstcle,Aaévplmﬁ‘an %Pmnﬁreda%aaa%at i vel y,
a | overgclbndss sﬁeIItIiéIrIi% (1InCWIEEh Iéﬁﬁﬁ%g%egﬁéasugeﬁ%l ﬁ%td@ﬁ&@r Abgyt 10
psi (12,000 5- to a 5 psi I5(16, 000 5-1 A2 step nmay added
t 0 t he riiEAhegticeent S;leiEKECMﬁ(BﬁIIEOIIIESb IﬁCt‘l/\OIyl) msecalc(nhttebtmadeltqrmuw thOXeF i n used

in TFF1 to potentially dagubl e the .l oad] .on subse i fication
teps. Troaape Sl shel Biarrac i ibeo phribal Bretangac el ry, “and HeD
for sev[%r@éennur hid €8tU/BI, the BSeffidiBRSST cOHBRLSE bHdulEBL ¥10199S, Mk qatkqsxtnlaﬁ Medi V
SFM 110 wi t hout nedi a 20exchange essentially as descri bed above (see the

Ex&dp| emnppised skwapli dilgeat shonlddhed) 0.7 AV/ml penthe pesiiyde be gnantileble, prat ther ned
essenti al | descri e lb (see the Exanple provided in
Secti of® éce\é Pé’%%ﬁW%%%%‘I“@I?%%WSW 8%@@% #27 and #30 were perfornmed by

coupl i h ] .and TFF1 steps. For these runs the TFF1 was run
at con?tga%t %‘I}ﬁw?%m%&lgﬁear rate of 12,000 s-1). Runs #24, #26 and #31

were perfor UEGb]WAlIP%tSI@l@'ftHIs'sﬁgwgéﬁhM}@stIft@err\fﬁ%% frddr B, Oatﬁ@ 6T1'6I§10}9F@/H& For
these runs the TFF1 was run at a | ower psi, shear rate of 16,000
s-1). The rccmdryt, iH§ @ dnd/ HCR res s disovhio @alnratsbethe p@rrfomtaecemf @k pulaﬁ@tlpnoc essed

e| er at C12 howed that i.ncreasin

v Es iz BNt ol Bt BB Calr et se i il Fonevar
I n one gyRsiaae and BRcYss ehdchvases B8 dmpRRe tﬂes\@b@es%tﬁm&% Q4d 8. firabl e 35
sumari zes the paraneter changes, recovery, and HCD for several

puri i quedushavaliis &he proeess deydepreent Fprthwugiial agpinzbBrificeiomedicace kighange.
These runs utilized virus produced essentially as described in

I nternational Patent Publication WO 08/ 105931 (see in particular, Exanple
12). Al purification runs were perfdpﬁed essentially WO

2010/ 036760PCT/ US2009/ 058157 as described for the | b process (see the
Exanpl e provided in Section 8.6) except as noted bel ow. Runs #40, #41 and
#42 were perforned by coupling the harvest, DFF and TFFl1 steps. For these
runs the TFF1 was run either at constant Flux (35 LMH, shear rate of 12,000
s 1) or at constant TWMP (10 p5|, shear rate of 12 000 S- 1) The runs mnth

T r 1 S - o o o o o - S o




#25 #26 #27 #30 #31 Strain BBFlo B/Flo ASD ASD A UWUu A Uu SVH
volunme (L) 14.5 10 12.5 15 11 14.5 TFF coupling No
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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0.4 Final Bulk titer (log io FFU niL) 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
per f or redwat2osymabicoscal e and processed only to CS col umrCIIUSROYNSHEAD was
hel d after TFF1l over weekend due to Friday harvest 58.7 Evaluation of
Resins For Inf]lue ) |f|cat on [ O IIuine Sul fate (CS)
is an affi r[Pi“y]g Tigz tmeny i é

col um LgiRgnA Ilﬁ'tﬂé"nﬁﬁ"filtlaro%‘éﬁ eeﬁzo%aesn?&%@nt(w?)peﬁuﬁﬁ@d at tRSSYUESEL ded above

Cellufine Sultate gel may be used in the colum chromatography step to
f ur t herremenohest hals DNel ThiDRoceHGB)p, inmolstd mexihg BP bt adiSVH MOR) S0 Wmlr i ti es and

Con- col otbrISTABE BPSat fdre Pl DERE G PERIF a1 Tt RBLIBRRr R dur i ng
t he smanylaptrdofaiwaacabdey SWH%fdpaMﬁleSlﬁlphﬁhbﬁlJn%n§5 td9,GRd Bbidonhse. The

bi ndi ng capacity for the CS gel is 9.72 Igtglo FFU per nL gel deternined by
t he dyrieasfrectiwqd icHaninaagsbieomyhas$ Vibhysten ang ns OBn%Maa,nsqnawéet@B/Hmmnaﬁm strain

(data C cul at ed
Cot urm arirkE Pess RGP Ao blsb oy PGt Arollfoefihy shfiSc Rt O
based poatesd 5Are/ndSolB{donemaxd 2Qesimorand tiddbfIS0(Biues As Bﬁbxﬁﬂﬂ’)n Table
respect] vel y Wth the consideration of 20-30% 1 oss of the total i nf ectious

parti cl%sPefiaign rynsst todh, theddCPylvg! mias mpbicbged motirepp hainde iR anea oK ow

i r atdoRiedy HrE SV B4 RASFPL. 'h85ve€% ﬁﬂﬁm‘ﬁ%a&cﬂl Hﬁ{k‘ 93 %he BRGY lletv@f gt colum
size at each process scal é woul ow to puri y the viral harvest titer up
to 8.7 dppmcmbl%ﬁldﬂuﬂed\mﬂehthﬂtBeaxmeﬂongomm (é&phmnta;ogrﬁphlyrse:pcsrhzml@él

However tifi atl n of an ve her
virus dﬁmpﬁﬁn%labﬁ g g o IR P T e des Bube 26 be Bt

capaci teyr WhdMatbn WiR st89dofear-1an §%gé)trbfaﬂaé to%friffchﬁ&“u%l%&@'(?%’p V\D
2010/ 036760PCT/ US2009/ 058157 [042I] The foll ow ng exanple details the

eval uat40otP mg/descx Hulelchdangnabt %tﬂf’ improyed thsifingl prodsétgmalitydyrewpning theF) usi ng

o7 acire) AP BR BN SRR Ghiatie T B2y ERIGSEBRP AR Cre mooe

st ral n éfﬁﬁeﬁdymyqe@umg)ﬁemgoﬂa@@irem{eﬁemmé babibeita@Datbuirdbf Bafizasée (VH) was

clarified by a 2 | am 5pol ypropyl ene (PP) and 0. 45 pol yvi nyl i dene
di 1 uorrpmérqu\Tr_bp)lme@m@lﬁ pe-cp ulrmelg@lzorm@ teeplmant weldy bwﬁl&@s diserded inghe6Sby

5-fold tion (UF) and 5-fold (5X) diafiltration (DF) with
sucrose%pﬁéagg%&%@%%%gbuffer using a 500 kDa nol ecul ar wei ght cut-off
hol | ow fi bg04@€yr tDFEIgeAs ﬂhmmmﬁ%t&l&ﬂ&d)ﬂ]ﬁﬂstdp sliowddegoed radortis (MBS-t hen

purified over the test chronatogr colums taq further ve host cell
DNEO( HOBF O PRt TuBAdO&i 7o) H%p)ff‘ﬁl%vi %t%pnﬁmowéﬁl%@ﬁﬁs %%Mgges aRnt ami nant
i ntrod r ) for
the. degr Bt o PR T e e PR T et

per f or mon gIGPeQTFabESJODlsTh@dlehfbmwheea% bodl filkers (BBt dnd 0U45-Ling esseodilal 20 L
performed. Briefly, ferent viral harvest |lots were used to evaluate the

puri fi dSVGh W@ébﬁ&?ﬁiﬁaﬁ%w@fw%%ﬁbqﬂé Eiters apd 338 PrsvEQIsydesming ddem gpeHer
Sul f at &, e §t %Lfal%sltﬂﬁllﬁ%%%% hl%togto Il 105 ¢ @Q&t&%ﬁ?%&%ﬁ%ﬁhﬂdu and

the inpurity eve enzonas i'ng this type of
evalSuatfionratt oel. ﬁ)éJPM;rthaﬂme fofthae® umesnd8.46 am Hkere fnfered @i My a&nded Mdat ed.

LMH, respectively. The actual SVH loading for the 1.2 um and 0.45 um filters was 111 and

105 L/m?, respectively.
[0403] TFF1 - Changes in Sctup and Recovery Method to Improve Step Recovery of

TFEF1: 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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8.7.1 Materials and Met hods [0422] WMaterials, Reagent and Equi pnent:

O her materials, equipnent and reagents which performsimlarly nay be
readi |y swb=bioassmd. Virus harvest |ots (ca B/ Mal aysi a PBOAISReDI/06HS7

Al Wsconsin 67/ 05 ca A/ Sol onon I slands 03/06, ca A/ Wsconsin67/05, ca

A/ Sout h Dakot% ZOOW)§ used in these studies were harvested, at 48-68 hours
post i FERENGHICT tHE PSP (0 esraliet BOFtARSBITNESI BCOVIrg gl BN, The
clarifigdnydshite Hﬁlﬁwﬁéﬁte&@&m@ LREESS Bdtdtol be%%lhe% Mtﬁfﬁuhﬁeaidn%nw@rs@ad 5X
diafiltration (DF) material by tangenti al ltration (TFF1) al

per f or med mdbenfibalwap vagd e tadh red to pliBaetd thep8ssdilatymf alsuﬁﬁimetntfcleﬁalmgtmf ters

O 8 O Ao R e, B e TR bR ARl e AShgp g DA kit
(Hysl on@rtriib&for 5aiatics With @htatd%lve’sdﬁﬁ:hﬁa HefdatOFalRy ﬁ@@ﬁ%fd’iﬂb H{é ”@Iﬁ mvi

pot assi um phosphate di basic, 4.5 nM pot assi um phosphat e nonobasic, and 218
mV sucriseduct mgp callactedf Thys rsmovad gynotertial gah st shas mamhero Symad endidasi ¢

sol Ut Qfled 3 f1bey Bind o MO S ARRSRGY; G PRAAPASL G 30 HALO: relhfE 9 O

2010/ OBIEhZﬁD BCTd 460 8L GG € steprals peabimal @fth ilheLsam'Ehecnbluﬂa\maﬁ flaflj astad to
7.0 with N H3PO4 or 1 N KOH | f necessar]é) 1 M NaCl buffer was
pr epar éanw& RHinytaes) fviepRICE Esidyal YrsSp Mg ol Wb%@r@aﬂridg Wtb%bta@%rlrmﬁ?
S 1 M
e L e T T R
1 M potafé[ﬂiFdrremhmsthaisqstemhydbgs|apprs®irmate1§)ﬁ,5 780"/&2fogp1n1ﬁcmt10mam7ta@d 58 44 g

R
necessaygod 95 sﬂéér %@aﬁ‘@édﬁ%ﬂaﬁmm ap ’ib§1 (%/QHMMEQJL% n 8! dTh"_EOﬂM di@ere%@&?e%“ ase. To

prepare 50 nmL of |x SPB, 1001AL of Cl2 and 7.65 , of Benzonase
(327 U/thtylmaes@tmdﬁdamﬁmrﬂ@@emat@ﬁ (SIXU]SRHG mmmasmdﬁmdﬁmwhfalu@ the basi c,

o o S p B R e el SRR BBl E et

K2HPOA mtmﬁ&iaﬂgedmr&as'oqopmmaf 8 pdiTfcali8n Blnswag afp&sed toed rél@tetﬂZ@tHeO fl nal
volunme of 1 L 9. M KH2PO4Pot assi um nonobasi ¢ _phosphate (136. 09

di ssol vedsititeriand thedu@mhr}h@ﬁ thg IRl gate1 The slight iseeass i {l@ve thapisbeft Wn New

Jersey, W Cat
No. 776"63%&3“ Stﬁﬁwg{:ﬁ%%?@? Jdaz’t &@gé?a(sl bl 88?@)0 tH%@f’ﬁ}&@%t 13
Benzonake érl[d of(ﬁm l&arshmlea?t TaKEeBmaheyma}aaity (8’0@90%) @ﬂtﬁé H@Ulhﬂ)unﬁséawbillél 1)
2514. 0.5 te rom 10 N Na ster, Pennsyl vani a,
Cat?¥ Ndemw@zaﬁhez} “rbt {EEF1g step eraysepny E@P opLier thaarSQO i@@wh@#ﬂ 8,

Massac qgﬁg@%cﬁm Jg@% eRate STHR dohBfetion of & bu?l%lr %eemlﬁl@%gm%thélﬂ?et
gl ycol ETG bottles Pgene Roc este Yor k 1L (Cat.

No. 201%p Wﬁmﬂl)ownZn the €CatluctNoty t20d de@630) frot?B. frinY/Cato 1 3tom aRhEPn0b25) ;

250 nL % §019 12)50) 17. Conical Tubes (Corning, Corning, New York):
15 L Pf\%esszi ? 50 nL (Cat. No. 630829); WO

2010/ 03676({6’@{ US20 09/ 0Bk enkBnast T2cdtABhtRB ¥ Gadsd H@ib Q@hio%lp PHeSnifial t er
(MI1lipore Corporation, BilTerica, Massachuseits, . KN12A05HH1) 19.
0.45 | mpmmam@mrﬂﬁslgnaqbumgalsmlaﬂ@ﬁalc S| dol yrar WItmbc@bmghi @nl,0 cBn amdaau ca,
I\/assachuse KPHLAOAHH3 | one an, UT,
Cat - N0 EosBne st Biof BEONRLH 1P € 0 80Py @dFhnl MRS o
SH30713W2Q;4)H 2A:cd HBk gl ddAEent@EON BDalrus“peB%L 6MisinGhe Hﬁ@értﬁtﬁfafe@e aﬂebtlﬁg al a,
Sweden, I\/bdel No. UFP-500-C- 6 A) . Hol |l ow Fi ber, 500 kDa, 1,400

cne ]g Golya berkhaight wasp Sasaaly sshledient a w&mg tmar of ok EGE/ el 3gon N L24.
Oom
ol cnaris R BRERERL S BB sG b Fitedy ST 01 S0 S R B i e

Uppoal aijtersvi®leivg (FFU/mL. In development runs 1 to 5, 4 L of CS resin was packed into a BPG
200 column (20 cm inner diameter (i.d.)) to a final bed height of 12.5 cm. During the

packing of the BPG 200 column at 200 cm/hr, the back pressure exceeded the recommended
packing pressure of 2.5 bar pressure. (Figure 12). A dynamic binding capacity study was

performed and that showed that CS resin could actually bind up to approximately 9.7
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26. Akta Explorer 100 (CGE Heal thcare, Uppsala, Sweden) 1527. SpectraMax
GEM NI EM mi cropl ater reader (Mol ecul ar Devices, Sunnyvale, California) 28.
Ther no O'wonropH3amsber (Therno Scientific, Waltham MassaChseaws5s12D.
CDMR210 Conductivity nmeter (Radioneter Analytical, Lyon, France) 20[0423]
Prepar at i Test Resins: Resins were store n 20% et hanol desired
amount 18 @01?%8?@1 L reppn yidsr e pacigpgsonditiops etﬁrthygtjaevep. LRy Qoaéelgnt
coni calfigug %Ff‘U%HE Hf ?ésml%% I P@Jﬂ@s Oin dd Séreqﬂ}gd {d I%&éis vg$, Jrenoved
and the resi n was resuspende mL of packing buffer (1X SP+1 M NaCi,
pH 7. O)Stabﬂmdmhhmgesto‘flthmbarv%tltt:r1068t3ﬂeg1plélﬂli/mlg buf fer was repeated three

t| mes. 25 on of a.,X 10 c Tes r Resi n
Colarm: -l 110805 A ERE 24 Gl sfocliaith b3 Rl Srea et FR il colruhg o' e
bef ar e RaGkigh8ofThe a0l AlTRNMAR réGREIR Itthe R6RAITANAh gt ERRs FBdWrasdoUitRnS
instructions. The colum adaptor was inserted into the bottom of the col um

and t hecogbapdde atpapliadpoliamn Wﬁhﬁé@ﬂé\@lem @ﬁ115a2@9mrﬁypetal gylyrggecalThe col um
burr or TobSREP iRy Rl BBk BLRTRE L 80000 B pod Pk Rl o' (B o

until  Zhetght bE1T.8cninve’s 2]5ednt td give € Scoallwmm vollihe oﬁrlepar £0r the BP(Re®) ¢vluvas,
poured into the colum_ w thout introducing air bubbles and was settl| ed by
gr avi t y2 Paskingflomgts @309 cadhi yagused gad gy istanbracking naesswictdid pefexpegdki ng
bufiper AR r r

i ntlﬁ)odt}g?—%goal r nggtﬁﬁ C%l Sg %c} ullrtlrhlr%/\ﬁlgtsl,r g%tlﬁ%b{r?n%efg%%ﬂﬁ %#mﬁméﬂgiépl orer
syst emfanthe Rk 2e0 aﬂuﬂ:ﬂz{Flgﬁﬂ:OlZ)m hr (16.7 niL/mn) for approximtely 20

t t Ki buf f til t | bed hei ght i t_ch d.
The top acdlttl® EEmR SR Shon i b (BEC 4 Bt i Brtiohat Gl ® Sthe 1 nal
packed ( Q‘Pm%bﬁﬁmﬂﬁf Qgtehié@esst e@@@ery‘@!f&%lﬁg 94’465&&1%9%) r%e&@e%h%ﬁ"tﬁé”e A

smal | er size ifit colum . cm X h équals to'5.8
geI 5 wigtnl kmadlkledvas/aecrwediﬁfomi% ﬂ;SrﬁhlwngBUﬁdLm@umé@i%@QOQ celuong) esd 9\n9t3n Test

5t does LT anen FAFQRB0 EF Ry e 2 1] e SR PRI Dacked cs
col umMm NEeD @b dliag Fgrfwrﬁdd Wing the dlaehlubrBdnzbedse t@ﬁtﬂldhepeqabtﬂd@mh@sl toM th | x

SP pH 7.0 buffer. [0425] Preparation of the 5X Utrafiltration and 5X
Di af i | t3 @RGAQsRourd ccm)@ﬁﬂ)le Choeleda HiGD tield (83 rulsS ng/dese es thp&‘i clpetsi n and

Cel | ufi r P st har vest
froma FED%%E reagfa 8?521?1)%]4@%?? n%%]s!s_g?%cr}tglg@t @’)éb%%.' %l?t;h %b cel |
growt h I&ntﬁrmaﬂdesmsrsﬁdﬂmt ihe Rediicol eBibie icbkehn gizd 1tttp@d§¢taﬁtth@p@lce£&ﬁﬁmency by

Publ i cati on 105931, see in_particul ar, le 12) was filtered

t hriQugHegieitn ecY me of G eipfeapd Ptlétr REaRERqn \ﬁlﬁf‘dl aaldlv@@d?edt?@oeautss”heam filter
The di et [burr Pk CrRbue it R SR SEk R oy ol one a0

t angentsirale fftlrmpdakletut@i from thTEEBPbY0Gedlud (winthafil tration (5X UF) and

5-fold diafiltratjo t S r u5| the Fl e tandsstem
cssent i al 04U GcAThoban Taple e Meiiprivdat Brbutts M veraung LeRimprs.
provi daghaienp@ib 9o 8) \%s beke thEE Iﬁle BhERmyas B@ﬁi&n@gé@&tﬁtnﬁnﬁe nsha tTh%hear

rate of 16000 s-1 and TMP at psi__using a 1400 cn?2 or a 20 4800 cn?
50@5k Deperashtaga béHletegmnlngl taft@fxflru}a outibeationfer Berronadedipetrient rangsd fiom t he

| ot s. / Ma) aysi harvest | ot dat a shear
ate of 15008 s ARk FRiceGhe SrHEREBRMAETET s M PufRiTRGE: oot
#2 was thebh-0bBth Bénzanaemeh@iint FAGAT oMl BODS 0.12%Q0khsS tb 9NThe oATbRIRIn 1 UX

of 70 LMH. The 5X UF/5X DF virus solution, was aliquoted at 100 nL per

bottl e. B@@IZPH%SﬁéTeB@tqﬂF alsthQuESestanr waseshop te) h@vq cigherpvstabidgDgemogd tienas t he
Test 2 nd Cellu
fine SEP‘?S%W n%#?tfga%%ﬁgatt onéﬂeﬁﬂlﬁlels roes%lpialtg f’%% g?ﬁ%ﬁe ep%iaf or the
Tes0 Resiahbell urm (16 mnm x 10 cn) runs were the essentially the same as
det ai |l ed abgve for the BPGq]}OO colum. Briefly, the colum was first

equi | i br at 8401t AThsreye anveral dipRiagcs (aAsipg op-golgpnBenzppase #aiM®l amount of
5X UF/ %ﬂ%re\ﬂ't{) %§tcﬁ%dﬁe'§éﬁz¥\@a%e %@athféﬁgeﬂrsq Npd @ﬁ)cgﬁlme@%{ 1@1&0%& d l%ﬁ e of
150 cm hr m./mn for 1.6 cmx 10 cm XK-'16 l umm and m for

0. 66 cmombitﬁngtw@mcésstste(pshth)le arlf teplacthg@we dhoiing f@FBetmbflzese tmatsrtent atX SPB

was | o tot at 50 cni hr 5 f Ix SPBwith 1.7 m/mn for
B T A R PN A A T Sty e SRR SO T S AN
x 17 WD 2010/ 036760PCT/ US2009/ 05815713%m Omi fit col um) for on-col um
Benzonase treatnment with a contact tinme of 50 m nutes. The col unm was then
washed with the first 1 CV of 1X SP at 50 cmihr and the second 1 CV of 1X

SP at 150 cmhr linear flowrate. The bound virus was eluted with 3 CV of
Ix SP conta| n| ng 1 MNaCl pH 7 0 buffer at a_ Ilnear fl ow rate of 150

o = o ~ o~ a ~ I~ v



[ 0429] Dynam c Binding Capacity Study of Cellufine Sulfate and Test Resins:
The TFF1 (5X UF/5X DF) nmaterial for different |Iots of ca B/ Mal aysia and ca
Al W sconswo 28twviasTe8 were used to performthe col um dynagirasbéonsssigr
capacity studies to investigate the effect of the lot material on the
perforrran e and capacity of Test .Resins i.n 5 co rison wth CS
gel . THR'Rg 5)%9&039 qu@ﬂuwilaéh%w {525 REAS ISR ERAHCTh iEh-8dgng Test
Resi n ol UnSe &kathrdt f‘e%ﬁ'és on-Ehﬁ‘ﬂl%{PMﬁfs o(PfBeHicfﬂd§e fo?@@bflgvﬂ’@sshér@és@l% gt

10.5 to 10.7 logi O FFU/'nL of gel. The cal cul ati on was based ontheloadlng
virus tthe¢ en- coiunmsBQHzenaS@al@ampnt/oﬂﬂweqlamel tvid hriatbreld tilpuasdmduﬁss obchmnsml ume,

I 1 TEF1 tit 1 FFU/ | oadi / I
vorune. ity e BBt Brrioh Rt Gt e el g P e b s
col lsectpg fagl. 1 col um volunme (CV) in each fraction tube. The flowthrough

fractions were assa ed for titer by FFA. The breakt hrough curve of the CS
gel was pl dM#@Y a ayQ Pigfikrad ilyme o d gonAe of t he

vir us tclsgan&eonfg%ﬁ} gﬂtlh%bfe%%%gx% b O£ 5@11411%&@ G bRAdng i ter

concent capacity e maxi mum
anmount vods O()hSlSlﬁntﬂ}hﬂiOV@@ﬂ%)%ﬂdl 5t0cg%j1 dngﬁi 3 Lthé CIS dhﬁammomgna@z% efz 115U§1hg
| oading virus concentration in the flow throu h.. The vol une at 10%

\nh rus ltf’r%"a)l& nprholig fless, the6f clusédloading gndhg %Rllé)“t ﬁberan%brﬁge @affééthtg) 11¢)  of
thgpge L/mwgh&; glr? Jﬁt&l @LI%& esg "{’%nger\tg%e h s.t At IQX)P tchf”ﬁ?i lé\p %P%pﬁ%ﬁaag% V&Jag @ed in

br eakt hr oug ol um vo titer
( 10g10Rkthert ko xorfsat)tivealnnto awoiduhelo(mmp)fc)cess fink egcii ® rﬁﬁhjtam_tlmﬂoghﬂlg 20[ 0430]

Loadi ng Range .Studies: .Three di rent of ca B/ ay3| a TFF1 (5X UF/ 5X
5P gt e B AR B Bt o Re g SHAESCLt GRS HOVESibar e | he

ef fect s@afmhg(;vltﬁ%l% ! tﬁé cOMmae-cReAsf PR ARG R Y LTRSI4 Resid e Qlu%ﬁ‘ vBluhni
conparison wth The target |oading ranges for each individual |ot

and f oralmbhre@sﬁdUmmogmre dree (0.9 &t ddhis nedTetivnen SatcTodunsovasidir¢adlad, 1 ow

L Qo RCiSon e El%gneséeorlr%ﬁ%(] fodg e, eqlliscted, and. anal yzed, 25 using

purifi gadih@mh Gt €S duft thadhg vatdiuaadest 10050 Lhee, qhgmem\smm atypi®l fluk Mes
the elution volume divided by the |oaded virus titer and the |oaded vol une,

|10A<(:| CsS tecaarweof ther TH pracgss xoralugificapnigh $nwhich(waynedsrmerhd 1000@p FFU/ L) x
st udi oo S Tl g NG AP S APRITI TRR AR s RP sl pBRGhAG o OC

B/ Mal ayBafétrhtidn ﬁbcé& ﬁILthdtl(ﬁgdhe(t lttegi pRrdtinil/cohdigehy didaoBédvd ayssfoalih@t The 2 Vi r us

Load (lf&%gggegi (gn-ﬁ %PMH flgllqubglg?fi%tllggtmﬁg \flguz Load (|l ogio FFU nL gel)

[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] DFE2 — 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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Test Resin C 9.4 9.8 NA 9.9 10.1 NA 10.2 10.4 NA Test Resin D 9.4 9.8 9.9
10.2 10.1 10.2 10.4 10.5 8.7.2 Results and Di scussion 5[0432] For the
puri fi catworrorunss7eon t he Test Resins A-D, each col unm waeTIusaaods81st h t he
ca B/ Mal aysia virus strain 5XUF/ 5XDF TFF1 material at the |oad

trat | JL. The t t f | oad 9.4
gl OFRURHENGE 1 b {408 el O e e e O 6 eﬁp GO T I Uer ng
three oflay eV @lABRS0idGHY p ‘RIg@% (;}tiflé Bled Wrbdhn duh Bt stehiefiflatbh Bthe

chromat ogram for Test ReSin colum runs is s wn In Figure 19, 10
panel s ALY, canmxgaaumw elhe. m@mbhowrea usediodiliee 0 69 1 Te$ ﬁnﬂéslﬂlﬂwasﬁb@ndl o

chowd G SHGRET, SRR A s T o R VB aRREE B B bonBly ablriad © ™

[0433] [Takl erhd filgatiorefdw efe Wag0B8IHM Forahe Bomémpﬂrtér% laf@tHeQMuxI fdRtheCcOMpPAri ng
the step yields, colum eluate inpurity HCD, HCP and Benzonase contami nant

| evel s.filEsswards) BMIC Tis apnenl tvading far tjlﬁé}lte@t\é@ﬁ 30-&3 ban'( poZIegevamEn the. 5%

conpar o) .Test Resin B gave the | owest step yield
(14. 5%%“% deI%&neﬁg‘?&J{?%hé&%“%p“%e Y 1 evel's, ca B/ Malaysia purified with

Test Resi nq0f1xndRtlead ( BU\B& tPrdd@Eé Hw&dtsrlme (Bén@filotd. 306hi ng? dpis Staidgpar ed
to Test Resins A and B (0.14 and 67 ng/ dose CP | evel s for

B/ Mal ay¥ithpyiiqapegung., tﬂhe W%lélfmpétstlfﬂe ey ehazlge%&mo%@y (é(hd Oy dig hanvgss) ﬁ) D
(0.181 @é §hr W% 29Ish' %lgclrél(%lt;ﬁ‘y? déeéﬂvgd & 48%(%@5 éﬂez}n E?ﬂl\/alfﬂu(?mer

t han Test e5| nB dose nzonase eve aysi a
puri fi ed Ovd0tl o DB Hﬁéﬂceﬂbwﬁs @ed. Dh¢ Ohdadge anhhr@es’ﬁmmgbsirbtsé)n a\mdacﬂlcm/\mr t han

W th Test Resi n 1.78 gnd 2. 60 25. WO

2010/ 0359 HoPER RO 90 H5dulbES Fa Hoen e EET T PERTeRISE Hed #4 ep

Yi el ds,(ThiP20HER Tahk 3B NTRBRASe@YR! Ssulted 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
(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
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
(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
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
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).

[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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as described for 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 A/Uru
SVH volume (L) 14.5 10 12.5 15 11 14.5
TFF coupling No Yes No Yes Yes No
TFF mode T™MP Flux TMP Flux Flux TMP
TFF1 Parameter 16k s-1, 10[12k s-1, 50({16ks-1, 10|16k s-1, 50|{12ks-1, 50|16ks-1, 10
pSi LMH pSi LMH LMH pSi
Titer (SVH)
(log1o 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 MgCl) 0.18 0.31 0.07 0.07 0.57 0.04
PB Titer
(2 mM MgCI2) 10 10 10 9.9 9.9 10.8
PB Titer
(10 mM MCI2) 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 MCl2) 46 40 8 21 15 59
15
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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 . . . .
(log1o 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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clarified VH was conditioned by 5-fold (5X) ultrafiltration (UF) and 5-fold (5X)

1aﬁltrat10n
(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 H;PO4 or 1 N KOH if
necessary
4. 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
5 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
10 5. 1X SPB solution contains 2 mM MgCl2 and 50 U/mL Benzonase. To prepare 50
mL of 1X SPB, 100 uL of 1 M MgCl2 and 7.65 pL of Benzonase (327 U/mL)
were added into 49.9 mL of 1X SP
6. Potassium Phosphate Dibasic, K;HPO4 (Sigma, St. Louis, Missouri, Cat. No.
P3786)
15 7. Potassium Phosphate Monobasic, KH,PO, (Sigma, St. Louis, Missouri, Cat. No.
P5379)
8. 1 M K,;HPO, Potassium dibasic phosphate (174.18 g) was dissolved in H,O to
final volume of 1 L
9. 1 M KH,PO4Potassium monobasic phosphate (136.09 g) was dissolved in H,O to
20 final volume of 1 L
10.  Sucrose (EMD, Gibbstown, New Jersey, Cat. No. 1.07653.9012)
11.  NaCl (EMD, Gibbstown, New Jersey, Cat. No. 7760)
12. 1 M MgCl; (Sigma, St. Louis, Missouri, Cat. No. M1028)
13.  Benzonase® (EMD, Darmstadt, Germany, Cat. No. 1.07653.9012, 353 U/pl)
25 14. 0.5 N NaOH, diluted from 10 N NaOH (VWR, West Chester, Pennsylvania, Cat.
No. VW3247-7)
15. 0.22 uM Filters (Millipore, Billerica, Massachusetts, Cat No. SCGPU11RE)
16. 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.
30 No. 2019-0125); 250 mL (Cat. No. 2019-0250)
17.  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)

5 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.

10 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)

15 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)

20 [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.

25 [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

30  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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Tabl e 40. Binding Capacity Study of Test Resins A, B, E and F (1 M NaCl
Elution) Test Resin Loading (logio FFU nL of gel) Eluate Infectivity

(1 ogi oFFWoiL2p10DIeTshevel (ng/ k) DNA " (ng/1 0O A | dose) PErTawnssigh ( )/ 0
of the load) Step Yield (%9 E 9.4 9.5 234.4 0.74 LOD 82.0 E 9.9 9.7 2662.5

5. 31 L%OSC%VI% Ff 6;'7OrhE/n?ih§3for 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

5  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)
10 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

15  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

20 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

25  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

30  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
5  collected from 20 mAU to 20 mAU (0.1 O.D. to 0.1 O.D.) at Ayso 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
10 (16 mm x 10 cm) were loaded individually with the ca B/Malaysia virus strain SXUF/ 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
15  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.
20 [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
25  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
30  terms of ng per 10’ titer dose was calculated as HCD (ng/mL)/(10°(CS eluate titer log;o

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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[0429] Dynamic Binding Capacity Study of Cellufine Sulfate and Test Resins: The
TFF1 (5X UF/5X DF) material for different lots of ca B/Malaysia and ca 4/Wisconsin

strains were used to perform the column dynamic binding capacity studies to investigate the
effect of the lot material on the performance and binding capacity of Test Resins in
5  comparison with CS gel. The TFF1 (5X UF/5X DF) virus solution was loaded on the CS and

Test Resin columns at 150 cm/hr. The amount of virus loading was targeted to 10.5 to 10.7
logio FFU/mL of gel. The calculation was based on the loading virus titer times the loading
volume and divided by the CS column volume, log (10* (TFF1 loading titer (log;oFFU/mL))
X loading volume (mL) / column volume (mL)) = target load at log;o)FFU/mL gel. The flow

10  through was collected as 1 column volume (CV) in each fraction tube. The flow-through
fractions were assayed for titer by FFA. The breakthrough curve of the CS gel was plotted as
the flow through volume versus the percentage of the virus titer concentration in the flow
through relative to the loading titer concentration. The dynamic binding capacity was
determined as the maximum amount of virus that can bind to the gel until reaching 10% of

15  the loading virus concentration in the flow through. The volume (X) at 10% virus
breakthrough was then used to calculate the binding capacity (Y) of the gel, which is the
loading virus titer times the volume at 10% breakthrough and divided by the column volume,
log (10*(loading titer (log;oFFU/mL)) x (mL)/column volume (mL)) =Y log;o FFU/mL of
gel.

20 [0430] Loading Range Studies: Three different lots of ca B/Malaysia TFF1 (5X

UF/5X DF) material were used to perform the loading range studies to compare the effect of

lot material on the performance of Test Resins C and D in comparison with CS gel. The

target loading ranges for each individual lot and for each column gel are listed in Table 34.

The column load, flow through and column eluate for each run were collected and analyzed
25  using the FFA and HCD assays.

[0431] Purification Step Yields: Column purification step yield was calculated from

the eluted virus titer times the elution volume divided by the loaded virus titer and the loaded
volume, 10"(CS ecluate titer FFU/mL) x elution volume / (10*(CS load titer FFU/mL) x load
volume).

30
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[ 0436]
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[0442] Test Resin C was used to evaluate the purification of other virus

strains.

Fi gures 21A and B show the el ution peak chromatogram of the

puri fi catworrorunss7éof ca A/ Wsconsin and ca A/ Sol onon | sipamdsomaesqstti vel y,
using a Test Resin C colum. The 10peak profiles were fairly simlar and
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[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

C) 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

21C).
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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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1062.4 1.34 0.4 78.9 A/ Solonmon Islands 9.8 9.8 117.1 0.15 0.7 112.5 25
[0443] The purification of ca AAWsconsin and ca B/ Mal aysia strains were
eval uat edwoorg3dmsst Resin D gel. Figures 22A and B showcrhs2@bos$ion peak
chromat ogram for virus elution. The peak elution profiles were simlar for

the two str d the purificatjion W) 2 /036760 00

recovery fdﬁ“ﬁi %Séﬁe%rﬁuéﬁobﬁ?%@ﬁn%%plg 20 gr%gaj ZE% wg‘ngggéﬁOfof HCD
| evel s gepﬁhotv!%% tRAYRS Girdd W& hoM 1‘yf B?ﬁm@%ﬁksé ﬁl%h&sarﬁo-[ﬁ’lpbﬁwﬂgs)loadr Qt%@dlﬁgz
Purification Results Summary the ca B/ Mil aysia and Al W sconsin

St r ai ndewds of 4,59, 1R8sing 1@5chog1u FhUBnE aif gel(vgay sdlottad tcxﬂwah@td_tbahn(dmggl oFFU nL
(E: gg‘f gl-_c:gnfq?r‘[&;olfgl%.'eé¥ m_[%\lll'as\dgli é?&itig}&, |egtrigés%1957E aFI!KPI\'N -Iéper sl uoqevaﬁga?&i ﬁ!'heeI 1gnpagtfo gel)
5  the step yields and the HCD impurity 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 .
mL o log. FFU/mL o °

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 9.5 435 0.14 LOD 69.4
A 9.9 9.6 1018.8 2.56 LOD 61.5
A 10.2 9.6 1367.4 3.43 LOD 62.6
A 10.5 9.6 23347 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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(% B/ Malaysia 9.9 10.0 202.8 0.20 LOD 98.1 A/Wsconsin 9.6 9.9 904.6 1.1
LOD 133 5 LOD - Limt of Detection [ 0444] A dynam ¢ bi ndi ng capacity
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target virus load of 10.5 to 10.7 logio FFU nL of gel. In the 10begi nning
of the A280 nmtrace the virus load is relatively flat. After a certain
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dynani do@dimglont).2 &padi Rly/ndf ge‘[eél"huﬁé@iniog)u@@U/MSJfg@hwas extisnatddghée than sone
| ots ag)d%?t | east Cﬁf?s? abl to Test Resin C gel. 15 Table 43. Summary of
Dynani AP EAp ?e% ‘Different Lots of Virus Strain (Ca) Loading

Material Ti[9g37] Insummary, 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 log)
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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Loadi ng Material DNA (ng/nlL) Loading Material DNA (ng/dose) Loading
Material HCP (n/nmL) Loading Material HCP (n/dose) Estinmated Dynam ¢ Bi ndi ng
Capaci t y*wB/2vlsysba Lot 1 9.3 7485.8 37.5 NA NA CS: 9. PCTRS@099585TR D
10.2 B/ MWal aysia Lot 2 9.3 21596.8 108.2 68.44 0.343 CS: 9.8 TR C. 9.96 TRD:
9. 92 A/n\{gr%%co)?a ienthlaﬁ? I1"652‘[ 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
5 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
10 runs, the bound virus was cluted with SP buffer 1 M NaCl, which is the clution 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
15  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
20  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.

25 At the same amount of virus load (9.9 log;oFFU/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.

30 [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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8.5 451.2 14.3 18.96 0.60 CS: 10.4 TR C 10.7 TR D. >10.7 B/ Mal aysia Lot 3
9.1 9436.9 75.0 41.04 0.326 CS: 10.2 TR D: 10.1 | ogi oFFU nL of gel
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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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(ng/ dose) Flow Through (% Step Yield (% CS 9.5 9.8 0.23 0.2 71.0 9.7 9.9
0.39 1.583.0 9.99.70.74 7.1 44.9 10.2 9.8 0.95 26.7 30.7 Test Resin C
9.4 9.7 OWO2bOD3EBI2 9.9 9.9 PCT/US2009/058157

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

10 beginning of the Azgo 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

15  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

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(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

25  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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| ogi oFRY/IsblcE3ydcslypipic tinding cangeidngbthe CS gel varied from 9.7 to 10.4 logioFFU/m

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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Fl ow Through (%9 Step Yield (% CS 9.9 9.7 0.5 13.1 62.8 10.1 9.4 1.91
14.5 25.2 10.4 9.4 2.43 27 12.6 Test Resin C 9.8 9.6 0.97 6.5 59.9 10.1
9.7 2.51 W0.2010886%0 10.4 9.9 2.93 PCT/US2009/058157

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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[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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Infectivity | ogi oFFU nL El uate DNA Level
Yield (% CS 9.9 9.9 0.43 LOD 99.6 10.2 9.8 1.13 6.8 46.2 10.5 10.0 0.75

13.1 55. 2wblo®aizewd 4 9.9 9.8 0.79 0.7 79.1 10.2 9.8 O0PBI/US2009/058157

10

15

20

25

(ng/ dose) Flow Through (% Step

Table 46. Comparison of CS and Flu 4 with ca B/Malaysia Lot #3
. Eluate Flow Step
Gel T"tLa(I);gf us Infectivity El“azﬁ ?g)‘?e)mvel Through Yield
log,,FFU/mL g (%) (%)
9.9 9.9 0.43 LOD 99.6
CS 10.2 9.8 1.13 6.8 46.2
10.5 10.0 0.75 13.1 55.2
9.9 9.8 0.79 0.7 79.1
FluSelect 102 98 0.81 8.6 52.8
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

a XK-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
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
clution 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
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.
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and F were too low to be considered for commercial scale preparations. The binding capacity
10 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
15  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.
20  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.
25  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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Resin D XK-50 column run showed a purification yield and low host DNA level in the eluate
demonstrating scalability and the potential to be used as an alternative chromatography gel

for cell culture based Flu process manufacturing.
8.8 Purification of RSV

Filters and Cartridges
1) 8-um Sartopure PP2 nominal filter

2) 3-um Sartopure PP2 nominal filter

3) 0.65-um Sartopure PP2 nominal filter

4) 3.0/0.8-um Sartoclean CA membrane filter

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

2) Tris. Cl

3) KCl1

4) KH,PO,

5) K;HPO,

6) NaCl

7) KCl1

8) EDTA

9) Trehalose

10) SFM4MegaVir
11) Sodium Citrate
12) Potassium Citrate
13) Benzonase
14) NaOH

15) NaOCl

Equipment
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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| ogi oFFU nL of gel 5[0451] A total of six Test Resins were screened and
evaluated for virus purification. The evaluation included assessnent of the
step yi elwp 2bivdsTg capacity, and the inpurity |evel. Test/ulea@vnss1€ and D
had better binding capacities, higher step yields and |ower inpurity HCD

| evel s relatjv four Test Resins. The step yields of Test
Resin B anl ﬁeﬁ§5@8§4%dﬁf@§mﬁ considered for comrercial scale
preparatlgpagthgfgwﬁplng capacity 10 of Test Resins A and E were slightly

hi gher or conparable relative to Test Resin C and D; however, the step
yi el ds wefk Rupsa¥VatiogMarielv 5A@ Si 63Dt y HCD i ncreased to much hi gher

| evel s at  higher nts o ari s C and D

al t hough §TH%H?F§%SD %@8 t§#§?@@3€é gq%% 9@@$J%§5y5§2$ Resin C, Test
Resisn D appeared to have a hlgher bi ndi ng capacity and | ess inpact on the
amount l@évmﬁaﬁstmttﬂsgrnasm@nﬁ.rmmnof virus 15 was |oaded. This
suggestT®e CHE an are chronmat ography gels that coul d be
consi dered 2 e o1

assessnent y
DNA | evel inbthe colum eluate of Resin C and n r-nn‘nnr| ng Wi

th
Cel | uf i ne BhileaPemgiral bgﬂa%é&%ré%tﬂ%@@ psigefomhinggian pelartiiqationfler (Rdsj n
t hus sel ected_as an alternative for SO HY LR ir t her scal e- up eval uation. 20
Wth the evaluation of four different vifus lots, the dynanic bi ndi ng
capacity of Test Resin C and DrwashalppvesiifieBaizynag f ol d hi gher (in sone
| ots) or at |east conparable to the Cellyufine Sulfate. Test Resin D had a
simlar or|hi ghgr B¢ RHAQ bG ARAE AbY AlhAon ub883.0/0G. Saltbc1éaronB.684int he [step
yield and host cell DNA |evels, Tesird3agipr2Ridad a simlar yield conpared
to Test Re5|n C but generally hlgher yleld than CS at the hlgher anDunt of
vi rus | oadimn ’ A 1 A oac =
the increa
CS gel but i S eve F
not abl e for the Test Re5|n C The HCD Iebel of Test Resin D eIuate was
conpar abl e| t 0 CSorfcontraal and tihaéltdrotesmaarall udatesTEF Fisral dny holldwefilgr batridgeal e-jup
eval uati on OT lest WO 20107 036/60PCI/ UbZ@UQ/ 058157 Resin D XK-50 colum run
showed a ppriticati-onyi-eld_and- : i
denonst rat | ng_scal abfilt¢riateigbby dectfioreittrptan (PEFhsingdedd 1w filklers al t er nat i ve
chronatography gel for cell culture baseu Fl u process manufacturing. 8.8
Purificatieon | It 8=t nrSartan PP2 mi nal
Filrer o) BomReR GRt puk B, S bt‘t’&%étff&z‘%ggﬁd ToSAr Pt e PR2

OO

nom nal fiFter—4)y—370/0-8-TtmSartoctean CAmenbrane f+ter—165—045=1Im
M Illpag &pg P\/DF f||ter 6) UF/ DF hollow fiber cartridge, 500 KDa nenbrane
por gy i d. can be either 0.5mmor 1.0 mm path length can vary
frdth 30 - 60 cntChenlc %B Sucrose 152) Tris. O 3) KC1 4) KH2PO4 5)
K2HPO4 6) INRSY £02) r4<5e1>2é§/4 TR WYS Hprdmia i hei@waon Vsm%g“éhﬁ $urmep§  Sodi um

Gitrate 2512),PRliaRHlhusLal f-LDhorBRAGONAE ndAbs OB cbithinBOCL Equi prrent

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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30 1) Wavem xer with heating unit (Wave Bi otech Mddel # 20/50EH 2) 10 L

St edi m bags (Cat# FBP10381) 3) Carboys 4) Pipettes WO

2010/ 036 AORCIV038B009/ 058157 5) Bottles (250 nmL, 1 L NalPgenspood)ssssr Fl ex
Stand 7) Punps (Watson Marlow 520 S, 620Di), 8) Bal ance (Sartorius, Mdel #
EB60EDE- 1; Sartorjus Mdel # CP42025) 5 RSV Purification Process.
Description FlI 8w dgdl¢o-panfilipicds th?arszﬁbgtze Wdﬁ%ﬁ@lﬂm@mguﬁf@ CPMESINer t he

material by dire Lrovy: i 10 1{'@? E ¢ '.q@?'on of clarification
filters ( 8.0 pm%gﬁ%%sgﬂ’n%mqﬁ, rcgdagtga%l%g&?fg&vgg?p% t L Benzonase 1, Filter
t he mat er b pl THaystabilizedtfilfritows ftodet! batringht (IBFF} hus iand) is31s6d 8s the Saxrdirnatbgaln or

0. 65-mMm Sartogl.flre Pa‘F;Zﬁ filter 1, Stabilization of Benzonase treated and
clarified vilPhihehlirafiEation (CANSHEENE SBhosphat e or Tris buffer with salt

(NaGl or KChpe J@@ﬁlﬂ@t{i&ﬁa&p %ﬁ)e%%&gusﬁﬁg £300-BD& hbB6w Fder dtri¥os froh GE

Concentrate and diafilter the material using TFF System and hol | ow fi ber
cartridge 1,Hdalthter withttbe lumhenbiyd. df 0. 8ct 1 fnoWhkistabrleked Or65( DRFE)tratsilaag 0. 45 p. m

filters 1, iquot the final bubk_product intg 250 nlL bottles flash frozen

and stored dre 6%“1’5’&6%1‘_5 m@dﬁé%pﬁﬁ@a} By 416 1 ?@M gongentrated S5 _

r A2cp248/ 404(5%%%9@6%&%51%&&1%&5&% Bkégs&(@ (PMPSLE $5 pdRBd G Uh&Rdte BF Oduct i on
10-L Vir (VH

pl at f or m uses bi oreactor. s harvest contai ns SFMAMegaVi r
i nfection neld00fs¢cHycl one).. 2) Viral harvest virus is pooled in a 10-L

St edi m ba d filter t hrough,a.8- or .3-j. 5 filt t feed_.pre re
ot 5" or e sopaRE etR I e e ivishe ikfinioh bulEs G B BB e or on
(EFA) for th&cBmgebadedidntv@lurlé ofthe Bbnéhireldy TOE ckiRinEEBuff@ cobdp@is@s Trig M

filter. The filtrate is collected and weighed in a 10-L Stedimbag. 3) The

clarified vieaMhapuest (250w eatNadl ;MAM2.0of Benzonase at 32 3 C for

3 hrs. Th rvest. i s, rocked at 30 .rocks/mn. at 3 | e. 204

The o ari B oo GRS LORHET PSR Bl A BSH B BRI, L or) us
Sart opur e PRRith h Ida@lofWi-t md/drFadhefiltdfe s thS ik ik @ray éLfbisﬁﬂeeg and is
Benzonase-treated VH /cnR of the EFA for the filter. a. The 65- gm

filldrate is aiqeptedimbottlpse el of the R\apirali drag pubstaped slisruotsompeithsit flgsiB6mv
Trisd, 214 A Sucr oseﬁ?%nlqd 150mM NaCl .or  KCL. 12t yée St abilized filtrate is
stored overni gzhf”tigl rsljy and S U adthe*'feed raterial for the
ultrafiltration (concentration) step.
[0452] 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
20  disclosure that various changes in form and detail can be made without departing from the
true scope of the invention. For example, all the techniques and apparatus described above
may be used in various combinations. All publications, patents, patent applications, or other
documents cited in this application are incorporated by reference in their entirety for all
purposes to the same extent as if each individual publication, patent, patent application, or
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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56) The ultrafiltration step is perforned using a 500-kDa hol |l ow fi ber
cartridge from CE Healthcare with the lunen i.d. of 0.5 - 1 mm The

stabi |l i zewoQoB®m3bTenfiltrate | oad on the cartridge i s 10PgIL/Uysee0nsAspf
menbrane area. The feed is concentrated 5-fold using an operational
transnmenbrane pressure (TMP) of 15 psi and a shear rate of 12000 sec-1.
107) ThwEcOhadm:rated material is diafiltered with the diafiltration buffer
(8-10-fol d buffer exchange based on volune of the concentrate). The
exchangle buffer conprises Tris (5mLV1);. Sucrose (25 % w F%IP NaCl (150 mM;
pH 7. 2.1.8) Armesthadder piodreing fmffushranyiryses sl eultyiertoadogia TEEPwmarf 6 | ¢ er
(0.45-gm M i ap dltrate is the
final bul k 1%%? ggéﬁéﬁgs%ng&%é&q%do |ﬂ;@€lglé fatﬁ%%sé%bc{ﬂﬁ@%rr%ﬁ&n of the RSV
viral drug dHapptodificetied adpgans VADEK eclihmra s‘ehas*frebrco]mtemedlmmsat hanol -dry ice

bath or using a.contr.ol e freezer Wi | e th oi
i nventi on has %@HC%%TWE@ AR OB%PEWPLq‘%\?t !{ﬁ_ﬁ%&{?gs e%?%&gwﬂ‘gnd
under st andi ng, oidupWohdisth§ ot £R4cifaRo@ e §Kbdtlveh dvdut IR zﬁ{dtz(forrﬁﬂi’ apﬂe&dl ng of

this 20 discl osure that various changes in formand detail can be nade
wi t hout depart betgyetn albaut ﬁé) tprabeuts7c%metempenahlee phbetwedroabourdi Canndrapbet,  al |

coni nat ons. - Ar - BODREear oS p e OTP BP0y ot e

doggnent s cCi(bgthfédling hh@pr@ﬁtﬁrat@@Mmmeﬂs With Qh ReMashedvibys Wk erdRngingt hei r
entirety for all purposes to the same extent as if each individual

publication, pHeeHtturegaedwm: #bl i cation, or 250t her docunent were
|nd|V|duaIIy poses In
o 19Ul ) IR rRd IERIPRLAARS A ELRICOGRUES, Aot PO

60/ 845, 121 fI | eghliSejuinesthies infloenza0@ms. 60/ 871, 721 fi | ed Decenber 22, 2006;

60/ 917,008 filed May 09, 2007; 60/951,813 filed July 25, 2007; 61/ 099, 749

filed SepteranctBdd o8& 1,684 tR3ilfukd @Editht iQResditIFNMQOP; 61/ 122, 456
filed Decenber 15, 2008; 61/187721 filed June 17, 2009, and 30United States

patignt ApplTiahiRsd d4{ 8arrd ﬁ?hef do‘n@éhn%ﬁ@ﬁ %Fﬁﬁéroéa‘%ne@‘i’@t?et%&l | BePs parated by
reference in their entirety. . A net hod pr oduci ng
i nfluenza windubeSDCEK celld arcad:etdad enttoonlardcelgleos alt@ld:eﬁeltmf h@twmn 10gasi) about

8.0 and/or t f conprising: 5(a)
proliferat icﬁg @H‘F@&éﬁ?f WH/CBTO_%P ﬁt%éﬁoﬁgatwfg?g %?%@yscul ture nmedi um on
mcrocayriers |n ai ni ng one _or _nore c |ture conditions sel ected
fromt le?ﬁﬂ%’ﬁ?é?%? ! Grheraid t%f‘gMDé?I?a?ﬂlsraé@ 0B the st iendengsed F00 and
200 rpm a@ft@fA&@§s%qqoqbgyt79@9 O bPaafRyt 7.8; a tenperature of between
about 33C and about 42C; and di ssol ved oxygen (DO of between about 35%to
aboyt 100% | uenza
Vit Wt nout adhed Q%f*%ﬂ PG P BL R e Ml i 0t
infected prietwéearste ol\ﬂa(l:&6 odlsins.under conditions that permt replication
of the influenza virus. 2. The method of claim1l, wherein the culture

nedi umg.s NME@d et AASim L53hetéia s@t(hp@l c@ifried ou ga RirkNBp@@TGeRceAat | on of
mcrocarriers is.between 1 and 3 and the cells are seeded onto
m crocar ri €@l 310" FFYEmd; toY. G Fif&leen 10 to 40 cells/mcrocarrier and
proliferated for between 2 and 5 days. 4. The nethod of claim 1, wherein the
I\/DCK cél.l s Hreeméthodof Haint bl whdr¢inetegdpbisichrsigdavt WG Arelaspiton bhoveePTA- 7909

PTA- 791 1, wherein the MDCK cells are

pr (%ISI ferate O(ﬁ% E:F?e)ﬁlméi ﬁ@gﬁ% en 5x105 to 3x106 cells/mL. 6. The
met hod of aim rein ste s carried out using a viral input of
bet weerd- 0. 81L1 %%“fﬁ%ﬁl ,Wlﬁrge(t#eﬂﬁtnzawmwmb%w YA LERT 1, wherei n
step (b) i %e%ﬂéﬁth 86 i@hdbnaSdath @& XA AfH&P/H%OQF inPSENRER 00 BO0R1 FFU cel |
and 0. 00005 FFU/ cell. 8. The nethod of claim1l, wherein the influenzavirus
conpri ses o‘htémdii/%ore gene segnents of influenza strain ca A/ Ann
Arbor/6/60or influenza strain ca B/ Ann Arbor/1/66. 9. The nethod of claim

1, wher®i n THeemdbiKoLehins 1 avlecréinchbsilEK atlls332 ifcublated aig3 3HREC3Mrieplthecat i on

of the influenza vi step. (c
30 rephca?ion 0 lll1e influenza Vm(ls 1)n step (¢).
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10. The method of claim1, wherein the MDCK cells are incubated at an
agitation rate of between 150 rpmto 200 rpm a pH of between about 7.0 and
about 7. 8yvoand/osbmnei n a protease i s present during thePpcealsSc@anssiny of the
influenza virus in step (c). 11. The method of claim1, further
conprising the step of harvesting the cul ture nmedi um 5between 48 hours to
72 hourm. afTierméthbeof ¢laim 1,hzherdinnied MXCKkelpure incubged bf dntgiadontatdises from
cell culture conprisi n |2éa) clari flggatl on of a viral harvest hy direct

flow fil trderseen(SRrpmn 280 gam et P @4 BetwsRR LbRutH e Ahays n%vaéldm‘ﬁeéelgﬁze of
bet ween ab%te%se%s eg&ﬂfaﬁhﬁgﬁ \E;?I?J%BHIH h%%*nfmeﬁ&@ bt

concentration ngenti a ul tra tratl on ( gj(g)fjf fer exchange

by di afyyl trafd grﬁ%}h&P@ clﬁ%l },@;{}&rﬁ%c%&%%s&%)théj&é‘gg l?agﬂ%resﬁpé ﬁ{%ecuﬂﬁ%’ Iﬂgdlﬁ 0 kba

nmol ecul ar wel cation b inity
col dM chr et a@ardivnrd 1ol 2dsurga et afedtion; (d) concentrati on by
UF and/ or buffer exchange by DF follow ng step (c) using a 15nmenbrane
havi ng Da nol ecul ar. ht cut off ( ), and . (e)
sterilil at.fgﬁleflmdlqmuﬁ iag & UEEF)a Wips lflﬁFﬁﬁlj]ﬁurﬁtwm@Q%ngone menbr ane

having a por@g él'aﬁﬁcﬁfont&ta%phﬁb&#ﬁc)yglréa ﬂHv@ﬁRﬁﬁBﬁ (SFE ARt Raddne

m cronmeters, wherein the overal recovery of purified viruses Is at |east
30% and vvheremntbmznerhamnglaqu)rwmmeélsetwofcmahosel LReasisroniegers @ dbong0HED, and
| ess than 0.3 h}l% Hcg ger 7.00.5 20l ogi oFFU of virus. 13. The nethod of
claim 12, wher 8I'i°8{icfvse and a phosphate buffer are added to the viral

harjgest to b} taRneaRE Qi’yttﬁ@%elnﬁéll , FIOW tilalfi 1t on \(BF) abd Bitfer@kchah8e BIM sucr ose,
11 nM phosphat e buffer prior to step (a), wherein the exchange

buffer in st epd(aﬁ)tra@@nﬁBF%@JOng $teh (2 09ing armenbrons havige 50 e moksulat 1 v

phosphat e buffer . and wherein steps (a) and (b) are coupl ed.
14. The met hod" o%g%bfuto(%fq\éwcv@érei n step (b) is perforned at a

t ransmenbr ane) pﬁﬁ‘ﬁ@!ﬁbﬁb@ﬁﬁiﬁiltyﬁfohbﬁﬁm@ﬁla&ig@ajﬂlylﬂllcﬁﬁlhgfstépibpu'[ 20 psi, a
flux rate of between about 35 |liters per neter er hougasg@M—iL to about 50
LMH and wher(@ fongeriation)byy BE and/er byffoy 65%13@5%% Frfgtlpwin (cbudeg 5

ol unes of chmw Hl@im12, wherein
bo'?é concent raﬁ%&ﬁ neq-{a% gxsgbbuf f e?leég%rﬂl‘genléﬂh%t occu | n step (d)
resulting i r(e)astehbmmnéolmevlngmepmd)l@t DBR tlandgit drtéeaaxcﬂmamgmbmhe anvihgast 8

di avol umes of buffer, erein th change buffer ste d) conpri ses,
wi thin 10% var PEEiSHS of ’OVWE?}E?)o‘ESXemwi etﬁ‘iW%ﬁ'b%rQ ?H"é‘%t?rspH 7.0-7. 4.

16. The met hog gh & é’s‘e@lﬂ-l%cmy@?ﬁﬁﬁbﬁhf%t\%ﬁﬁ& 1§apleh§90%: Bh WBerkdn thegi OFFU of
i nfluenza viruses are | oaded per nL of affinity media in step (c) and

Wner ei n st epufidied Munsdsepmbiine sspibrat dsn gl Obs emelesothan AdruesidERipet €.0+0.5
%@nucleasg 1%% Tge nmet hod claim 12, wherein the purified viruses
rise | es8PHEH °hYBbs0 ng nonspeC|f|c endonucl ease per 7.00.5 | ogi oFFU
enza viruses npr.i sin ess th

SLdV: 253 tréwreetﬁ %Pfﬁ%éon & e?@l@éu%m“rec?@id&m%esw ‘?‘l%f?% ar%?@f%gﬁwgrg s

i nfluenza WtHSeR V818 cOtehirhRih, (@M food Qatidddir §f Pfs ARMIRLAM coM s-  19.
The purified influenza viruses of claim 18, wherein the manmalian cells are

MDCK cel | s.ph2pharbuffemphich@Tid paonmn(abmmmmthesaxngaqgolbyﬁfelpm steps(bdf t he

I nfluenza vi rml'f)?’lggs gx}clth?nl f‘d% V:alir81atlo]f15218 mM sucrose, 11 mM phosphate buffer pH 7.0-

25 7.4, and wherein steps (a) and (b) are coupled.

14. The method of claim 12, wherein step (b) is performed at a transmembrane pressure
(TMP) of between about 10 psi to about 20 psi, a flux rate of between about 35 liters
per meter per hour (LMH) to about 50 LMH and wherein step (b) results in a 5X

concentration and least 5 diavolumes of buffer are exchanged.

30 15. The method of claim 12, wherein both concentration by UF and buffer exchange by DF

occur in step (d) resulting in at least a 2X concentration and the exchange of at least 8
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15

16.

17.

18.

19.

20.

WO 2010/036760 PCT/US2009/058157

diavolumes of buffer, wherein the exchange buffer in step (d) comprises, within 10%

variation, 200 mM sucrose, 100 mM phosphate buffer pH 7.0-7.4.

The method of claim 12, wherein between 8.0 log;oFFU to 11 logoFFU of influenza
viruses are loaded per mL of affinity media in step (¢) and wherein step (c) further

incorporates exposure to a non-specific endonuclease.

The method claim 12, wherein the purified viruses comprise less than 0.0050 ng non-

specific endonuclease per 7.0+0.5 logoFFU of virus.

Purified influenza viruses comprising less than 0.1 ng HCD, and less than 0.3 ug HCP
per 7.0£0.5 log1oFFU of virus, wherein the influenza viruses were purified from a

culture of mammalian cells.

The purified influenza viruses of claim 18, wherein the mammalian cells are MDCK

cells.

An immunogenic composition comprising polypeptides of the influenza viruses of

claim 18.
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