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| nfl uenza epi dem cs and pandem cs have been recogni zed for several
centuries and have resulted in considerable |Ioss of life. Influenza
virus is a segnmented RNA-containing virus belonging to the famly

Ot honyxoviridae. The epidem cs and pandem cs are caused by the
appear ance of \NMET$EID WO RERLICAKHNG ENEDUENZZNVIRUSANUETUREre i s
little immunity in the popul ati on. These new conponents are often the
result of mutation and/or m xing of human and ani mal influenza
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A, B, andvHich &lincotpotdietetiezéinAyvefereses are further classified by
subtype on the basis of the two main surface glycoproteins HA and NA.

I nfl uenza A subtypes are further classified by strains. Influenza B
viruses infect manmmal s only and cause di sease in humans, but

general ly not as severe asBACK@GREI/NDOF UHEANVENTIOMSes al so i nf ect
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cont act %&?%%?hﬁﬂ%%ﬁ@ﬂaﬂﬂhﬂ@hévirﬂeﬁs are permssive to both human
and bird i nflfuenza strains. Because of this unusual feature, pigs 2
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different ways: antigenic t and antigenic shift. Antigenic
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permissive to both human and bird influenza strains. Because of this unusual feature, pigs



4 viruses). This dose is approxinmately the amount of purified virus
obtained fromthe allantoic fluid of one infected enbryonated egg. If
100 mllion doses of killed influenza virus vaccine are prepared, the
manuf act ur¥P 20044976331 procure 100 million enbryonat ed egdST/UsM0F025plees
vacci ne production dependent on the tinmely availability of good

qual ity enbryonated eggs and the seed sirains provided by the

VWHO' CDC. Mbst of the prototype seed strains are not easily grown to
high titer even in enbryonated eggs. To overcone this problem
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The present invention addresses these and ot her needs.
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WO 2008/ 076371PCT/ US2007/ 025636 8 between 250 and 750 HAU per dose.

I n one enbodi nent, the vaccine conposition includes about 500 HAU per
dose. Optionally, the vaccines of the present invention can al so

i ncl ude a WAAPAISIk i cal | y acceptabl e i mrune sti nul ant PCEU§2007/025636

cyt oki nes, growth factors, chenokines, supernatants from cell

cul tures of |ynphocytes, nonocytes, or gells from|ynphoid organs,
cell preparations and/or extracts fromplants, bacteria or parasites,
or mtogens. The vacci nes of the present invention may be
admi ni st er ed byl"H%rJ l&)r?sxée? {]; @cﬁcexﬂaa‘b&ﬂtrg{eﬁ! &ﬂ%hﬂ%‘oﬂﬁfﬁfchﬁ‘ 'A severe type of
i ntramuscul ar inj ec ion, cut aneous i nj ecti on, peritonea
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H3N8 chi‘meric an he present i1nvention further
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vaccine. In general, 1 dose for adults contains the equivalent of 45ug HA (15ug each for 3



Unfortunately, whereas all influenza viral strains seemto growin
eggs, heretofore, many do not grow well in tissue culture cells, and
of those that do growin tissue culture cells often do not grow in

t he quantiwbesispegessary to produce an effective vacci perykh@7pisegent
WD 2008/ 076371PCT/ US2007/ 025636 11 inventors now di scl ose that when
influenza virus is grown in tissue cuItHre using limting dilution
cloning, isolates can be produced that are tissue culture-adapted.
Surprisingly, the inventor's discovered that replication of a virus

resulting .from ipocul ation thr t he amj ot.i.c. nenbrane o .
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Influenza Virus (CIV). In another aspect, the present invention provides a vaccine that



The amount of protease to be used should be enough to activate the
virus with very little toxic effect to the cells. Toxic effect can be
anal yzed by identifying characteristics of damage to the cell such as
det achnmentwhnre@bdier pl ate or substrate, presence of celpkbgh@sondeREsS,
appear ance of dead cells and | ack of viable cells. Thus, an
"effective anount of trypsin" is one which, when used for a tine
sufficient, allows the trypsin to cleave viral proteins, wthout
detaching the cells fromthe substrate or causing other toxic
effects. Titrating the pr.o ease can al so be used. to |ncrease .
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effects e ce Used virus 1 n
i ncl ude, dolitrezeids uaoambd putadd nwdtiploodtlylof mfemdnmmomeﬁjenehatab@mtom

el 1S bodbHRRGE b srouEHAD! ReSHeiGRE ansi CIHA" Qe PIER R M hiaree

froma supeisolasiv Eifst ted onitBSERUE blliué Eellitd Botermihethedblimelf MORE The
hi ghest dilution is harvested. This harvested virus is then diluted

to exti ndiSPUsPUlRE celhecanbsapammelian eguyqnagikidnoygells pych as kumpn embryopis) d
di | uti ons;die§ cgi?sdefﬂennfﬁ@né‘é)ﬁﬁg%h 8Lt &n Hﬁﬂl’ehﬁ@f(% to COJIru‘:Q’I IO particular

trypsin), and m_L of each dilution Is added to a pl ate or wells of
embodlment the influenza A virus is an H5N1 strain. The influenza virus isolate can be

obtained from any number of sources including from a nasal swab, a lung tissue, and/or can

be provided by a third party, e.g., the WHO. In some embodiments, the influenza virus



enriches for virus that can replicate and can produce high | evels of
HA protein when grown in Vero cells. B. M It was identified
herein that a low MJ results in a better and/or higher titer viral

i solate. Wb 96&%7335{? tation to a specific theory, it i %c*fﬁ!s&@‘/féﬁ%aiﬁhat
a low MJ reduces the anount of defective virus particles and results
in a nore efficient infection process.\ﬁn sone 17 enbodi nents, the
MJ used is | ess than about 0.01 (one rus per 100 cells). In other
enbodi nents, the MJ is |less than about 0.003. In sonme enbodi nments,
the MJ is |ess than about 0.001. The MJ can be chosen as being the
| owest Mdisolaty i initialy prosvn in egbryogated eeasito gbtain 4 lgegednepuim fos gfantstiondo
the cell s, t i LY

dosi rod S0l Arars P Rl R TR P, Jn SregfRima. the
t he vi r usstaparf phefyingid coried puidisie sizeveaclosine chrivimatographys Tod methods of the
vacci nes .are known. incl.uding but not J.inted. ttenuat .
oot var DSt e ML el Bond 0T BF BB B Vi st jpotare
aL t emﬁat qﬂigv td, déring or subsegéé:ﬁ ecnptﬁtfhxdtélma@ﬁdhrtﬁia the fecbid/igoluierinh diffecank stesn
t hat have, been attenuated or cha to no | onger cayse di sease., . .
These carﬁ%ﬁﬁ#@mﬁc@ﬁei I Sﬂlﬁﬁw%ggoﬁwra&%ml %argrps&flwqﬂwr Difgnixing
cul ture fipE twPRARAIBHIGRNBEBINIRDS nAdraRRNbEs BRI RikhaddgeficitP of Ak Hrel
or renove genes involved in pathogenicity. The tissue-culture adapted
i sol at e duefele Isweernethedsdicviluenzads Bactveted. 1o same eabadgmentapidhisdype
met hods. fof,q s iSRG Rd WifiBln Mﬁ?oﬁ%géﬁgfeﬂ&ﬁﬁﬁ@e chvd BRIl AE &,
that are 1 nvolved in pathogenicity or involved'in the di sease

mani f est dhisong mteleds, thamrsting {sapeddmord winarthebersagghutinfraproteinecoptantiss i s
still able to infect and replicate within a cell, but it cannot cause
di sease. AR anple of this is to nmutagenize the HA I/ HA2 cl eavage

site. The tissue-culture_ adapted virus can be?@'gtenuat,ed uslnlg &n%é
standard met hoddrthebymeadimeteinchida 2 yasaine MgPa HkbX harysting the viralisolpee

product i gieftediandidefiod 3t §dedtink 48 infldRzWARK IFCr6Rh (6 BECRALERI S b I
standard net hods (for exanple, tThe methods herein). The virus can be
purifi ed titeingas indliaeaad ime tshbtisusinolimis diwinnecleringighch ithes ag jntlugagaoirus
chr omat OQE&}BE Yt 2 a\éﬁ'ﬁei% REnE ALkuE RRRD eﬂ%ﬁ??e%c@eﬂl. Y52 FWME&B the virus is
adj uvant s and vacci ne preparations, for exanple, nano- beads,

m ner al qirépareddyeinadilaioniof ematyonatad spekifdmastioden freaghiekien eggsdn- i oni c

conti nat 1 Shr SRR Glon a0l il BRATE: dprs Gk BPmbaRt P fAfuorts

St ates a;ﬁi&éﬂlﬂﬁﬂe(ﬁﬁlﬂi@h cﬁﬁﬂﬂig\?ﬁﬂ oﬁélémrl]&iﬁixﬁw&ﬁhe inkloédza h/irueisaépiicckﬂeﬂ lfied by
vaccines) and this is partly y su i concenfratiaqn of HA
(15pg of IPpEUionyiathe agpioLp mempsine  grbryanttss °845itQ AP A BIGHAM fAron)
i's neededdhftafidifrotRES ddflure cdffs. B. Methods of producing inactivated,
subunit, and split virus vaccines Once a desired virus is

obtained, it cag aﬁ&ti@ﬁﬁe {n‘eerRIo?&?ﬁ\ﬁF.fs’}g&Héﬁé%‘1’989&&1&%8'?Bﬂéh%& Qs £

exanpl e, a vaccine. anples o I'TT'ed” vaccines dre 1 nactivated,

spl it andrewthum Humaacoibmasic Hibdegecetaninme pnepaethdd troinfluest: vims$ isokbrezia
in tandard nethods.. .. . For .exanpl.e buni t ci.ne

Gonerar | yRGITE PSbR LionglaingEhd sy ar eganaty e BT Sdaetst s

t he i mMungeg vellEifselbdled. MEhiS Asholkad Mklde Baactiag B HEKvAegtd BSIabawvith

been prepared using purified HA and NA m xture of vira

d NA__but any . |
prot ei ns Bk cglbs demovipethassiie orat figieny 4 piofuce Qiqnathig ¢tEcts (GEE). In
viral P ol ghifhulatéfiodindiof histid el iy dNIAER PRNSRhry héd! STHe A Bhtion

and the s t vaccine is formufated to contain a mxture of these
viral pr cisimeviflesonyaseipg thatinchidetithe infhgninvimeiGol o ebtainedpy tesa methods.

5 sty ai n (0 G hosl bRt e R plhak KR e Ml BB RO o
B/ Bei j i NgiBAI0@ypsirFeafore3hitading the heltural alislfora tNBe aufficieens aliew tHearypsin to

cleave viral proteins, without detaching the cells from the substrate. In one embodiment, the



Once prepared, any of the vaccines (for exanple, attenuated, split,
subunit or inactivated) can be tested to identify that the virus

and/ or vaccine has nmaintained simlar antigenicity, produces a

serol ogi cavormspoase in a mamual , and/ or provi des pr ot ecTiuezrnoi/ 5686

di sease in a mammal. C. Further processing of harvested virus 1.
Clarification of harvested virus 7 After harvesting and/or
after inactivation of the harvested virus, the cellular material and
other interfering materials can be renoved, for exanple, by

sedi nent i q t ' el (]

super nat 0P oEPA TR MRk er bl Sl ARUIACRARTE EALLIR Gl oL of
cel | s wi lidss dmntabout OH®dt. cel | ul ar proteins. Sonme further clarification
of the supernatant may be needed. Cellular DNA can be renoved by
enzymati c treatijfgsthe &Rb&limEBREZRORSENtion Al prdiedds Vaddidds ch@pEMAag h@fian
interfering material, virus can be inactivated using standard

met hods. irfueazmvirys'femplatedatdessvban bre et indyenss eiflpss Ipgrelped
purifi catl B8 4ihent lfhg linv%é@tﬂ’pérgvid%ﬁ%nﬁ?f&o@r@&&%ﬁﬁ%%&%ﬁ%s férmulated at
| nactivation of virus e Influenza Vvirus nay be Inactivated
i n any nuesbarandf pgrafihaman dnfhenzeaiAmpentese. &f armdien esbodimennibe frogntad

i nactivation,is not critical.to th% i nvent i en. tanegga\tt/gva i og Gal- occur
after comfSHSTARFRFS SPmPHIRE Puprhipfienza, iy fqrulaleday leys thep G SRR
can i ncl ysfuehREHUSRr 8dsck MO¥Y] Adddek emBbdin@n@ gRNEwentiSusldvideacddcinas i ng
agents include, but are not |imted

) | | to: U irradiation, o%gehlyge,
gl ut ar al dempaEng brmat ipflaeny vane famyltedatl p;3-4 e Boumap syl &L A95F
some enbqg bAEBLIS: Btink SmbSBReRE SRURSuVaht ik 8n XYL U9 oBRE iR el olinicats
nucleic acid without damaging the viral proteins. In addition, BEl is
not af f ect BastFPYprfchetimsenemmanise i thathgye the same. aminmedid seauprny. dyeit s
are used C i I t Q. l I i
parti ol e s FrGRESRRpbR Ry Wb BERHAR el BARRISEANE o ke i K
concent r ahiinnadcd sdgeénweein g otier OacsinzrechbbdiGndts at kbt fdhgf thevirmsss comprise

o, "o 8h it S BRe oA h B Sk B BeastheAl Rt
concent r aiskp thé viadkestorbitie HIA fiaCRdvelthe dahi ABlho héid s&Renhat a
concentration of about 1.5 mM and i ncubated at 37C for 48 hours. In
the preparati onpf Gl f urfie] Ls GAbiRRionSakiAds Br &g protecti
concentration w&%ﬁ%efﬁ@ 8ut 0. 5pr§§§ SfLOrerusluaI l'y 1bet vveer? 4gtp(§0 gc e
and of t enmpenite egeifst irdlugnav vigus, amecairsaciluenpnt virgsHETBEind ashersiengasgs, ex..

concentr %ttl!tl ?@an%fle %Pe%wms tgrsoea%@/l'l'gle nre%é)nq‘i?nv%ﬁrt?gnd RO %‘o@igt%cf%t ¥ g}eth%ﬁ of
occurs at  the approprrate pH an Perrperature or “the' I Ract rva I'ng
agent . ThHemunizh fexgreal, dnexempkna Heg, clp seloriemgainstinfudnze. Meshods bhg

i nactivate .viﬂrngs js still, i m’ruFo],gS:ni.c. .nactivation ca woged with
an appr opPiREAGHSRG NS Yactg et R RORISCH O ERFREESt & CAIHE ‘38*8 USRS A
al | virusparéligdes in the sol ution. After inactivation, the
i nactivating agents can be renoved usi ng net hods including, but not

limted to, in [ ' : i ' | 5 : .1l A :
the i nact i vat] g “JaaspiaP pibodiBnt BALHNELRECARIkonE AR RLEA hARISH
chr omat ogroayphiyss anrimerungenir @ngfositios semprsingasinadipated N 2N 8 BiTanc an
be inactivat eq Ihlgy ?l-?di tion C%f snodi umif.hi‘ga%yrlefm%tlsel:m ﬁ%soinglggcl BET
can al so aﬁléuvglé R eoé}?lt”{/“laphsf“\?l P& Pprofel he UEing si'ze8xel usi on
et hlods : leﬁ@eimquqm;écﬁlfyvaﬁaﬁ&ﬁmmfﬁséd adtﬁnmhﬁu@grdxwec dnfhipaftiediar t he
viral solutiqn can_ be further processe produce a vacci ne.
3. Fur t herenfogrRens phigistyRe, theagiuvag iy el Tpene i o PR &S ed, for
exanpl e, ibfndnBpINEcdrdRBh MedaxcinkUr t her concentrate the virus and
provi de for a stronger imune response. Sone exanples of further
processi ng incl 0oLt I . I i .. Of
cel | ul ar DNA, c%%?g%{ur)% OﬁﬁgnqSﬁ{agﬁw&g%%%(#rg r?g‘?urg qggﬁéﬁ\}géﬁlutangﬁﬁ%ahts
(HAU) to about 1500 HAU per dose. This can vary widely depending on the size and other

health considerations of the individual receiving treatment. The composition is typically



5. Solubilization of the envel op proteins The concentration
virus peak material can be solubilized using standard nethods, such
as, wth a non-ionic detergent. The sol ubilization can be perforned
to prepar grial for formulation of | SCOVS (see, <
Exanpl es g?bnon |on|c detergents, includes but are not P?ﬁ??%g“?g¥
Nonanoyl - N- Met hyl fucam de (Mega 9), Trijon X-100, Cctyl gl ucosi de,
Digitonin, ClL 2E8, Lubrol, Nonidet P-40, and Tween (for exanple Tween
20, 80 or 120). After solubilization, the virus can be used to
produce a vacci ne, and/or an adjuvant can be added. For exanple, for

pr oductl d:wtwenélﬁ%stij@lédﬁmﬁﬁse dn PRpETEbRAIRERfy e YaFinsECoRPREHOR gcludes
assi st g@}{l X_EQ@J:,P he lipid mxture can include a phosphati dyl
chol ine and synt C é%olesterol In somne enbodinents, the virus is
di srupted with tg) ?}? roomte eratug Wltth Sti 1' cgﬁandthenthe
ot d ot o e (OREgaR MR BR FREP Rt nhiied b sl BRRle hadoa and
stirring ghanhdceuedlly acépfableGhfRint @tﬁmﬂhntadgl,l\oﬁﬁﬁklﬁes, growth fac&ﬁﬂl’oﬁ@:ﬁbl&h&

adj uvants can be added_to the aCCI ne and/or%{g‘é rmﬁﬁefg
conposi t i YREMERHFPPELCel culigrs oblmehecyies Manq e €6 H@P‘é{-’ﬂd gfigans,
and wat ercef 'i‘i‘r@p'ﬁfaﬁﬂms a?‘la/éﬁ’%ﬁrac@ssfréﬁ%%tst BadkerfalripREItG OMhAGRA@! UM num

hydroxide. I'n the l-atter case, al um nUm hydroxi de from a commrerci al

source can be [ r

Freder i kssund, qlacgl%s o?%l?ﬂ%k%n&f%&%%ﬁ?%g be. a(j%%&%eﬂ%*% r8&|§§ﬁcglna :
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Span 80, oAlcemBInaliéis tomes 188 preféitbdaitodithehe f theahehlon, BRMNaScine is
France). In the case of adjuvant enul sions, generally 5-25% of the

vol une i sdatinistgied by sutopompseilag ifgiecten-une i s aqueous. In some

enbodi ments, the adjuvant enulsion is 20% oil and 80% aqueous by

vol une. The anclhetinetian alyd providey deromi adpénines fcmmalvagpirbmd\menalahmmn@%
and 15% g nnfngcﬁes%&%?nl’&sto%}%sl%Né Wit t?n”? di (51 Es ﬂlenl%nq{']easd% Q%m%ul%
adj uvant . or" ‘Sofre ‘embodr i'S used as an juvant

| SCOM i s eniboditiennyfithé rvehtion) te: Iﬁi—nﬁmhﬁiboﬁg a0 bipkdeto @IVIHB KR i £citimetiogy
was descrlbgd by Morein et al. (Nature 308:457-460 (1984)). |1SCOM s
are a noHbHeci ne delivery systemand are unlike the conventiona
adj uvant technl ues. An | SCOM can conveniently forned in one of two

ways. |n sone ¢seirinyention &urtier pyaisies sombipatianaiargingsiby ipdudaag orn
the stru t
| SCOM rnatgﬁr1 %g?g% bﬂg%{t&&ﬁé by,’ Jf 14 bg?(‘ ;I 3Nhéﬂlt‘%bscg§a§9g§ul oes%ﬁgl?&c%tﬁ%rai n

anti gen bahing pathibgeas alvdlohntrmmogma geludofg, eBo lmmuiu;genmﬁ)r ehdting Bnmpuitydo

to inmmunizati After mcxmeqadet eantal eaareg 2 1% sol ution
with the 9 a’é‘&&%% Ho% VBt “AME ST PRYSTEAISY  1NEY BB &t €10 T HE
St r uct ur eanine parainfluéseaeirak; |c&inme ﬂo@ﬁaﬁxﬁ@@dhldéliﬂﬂhfehwvmm g eploBpira
presented in a multinmeric formbased on the Quil Ato

it
spont ane GOV S8 SR GBITR S&scline’] SRy RPOYs é&*’?% IndRTtogsps gerovar
hy dr ophoRiagichM ORI shir& iltkrbgan® mtérapaeh{b%rhe L fah%r LEpRspOYeRS rod B SBrovar

h
m cellar structures are in the order of %inmln size and are easily

recogni ze@mppat Ndditippal senisg patbogens fiat ea hegddedioiasrmbingtipn vacgiieds #it s,
| SCOVB a;p;f dsfe Wé&ﬁoﬁ ln% %ofréé?énatzi)%néw gﬁéd ‘i@zsﬁ:‘n&rﬁ? %fshllsls&éhtasl ocal

| mmor al di at e i 'mmune response
enbodi menftets/maBaaNomand Ifecsﬁmedtaaefaﬁmm ﬁmerehér B[&cws (spp.) ispirebEtghiihdlzdiog B.

usi ng standard,.net hod SHC ni oni.c _det ergent .

Vogaso. TSR DY s R bl udtade T 1 ¥R NG AL kP eeaes,
Lubrol, Tepeger@Q), MybopluprhalcyrioXy, vabtesi @m@;@ﬁ@h’&@ch@cﬁédnﬁ | SCOM
formation. The Ii pid mxture 23 can include a phosphatidyl choline

and a syntheti crihpdestigl@kion brbvidEBorSARRGH TR Bt tving OBV H3N8UR Ruitired cells.

In some embodiments, the cultured cells are non-canine mammalian kidney cells. In one



measure virus titer (50%tissue culture infective dose). For exanple
atiter of fromabout 105 to 1012 TCI D50 (based on pre-inactivation
titers) can be used, including but not limted to 106, 107, 108, 10,
1010 and nally the titer can be analyzed by i.ter
and can ccl)‘gg)al n%?rg{r)n about 1 to 3014 of HA per virus .ﬁtgﬁlﬁl&g@”ﬁ%%%he
vaccine, including but not limted to Ifto 10pg for adjuvanted
formulations and Ito 30 jig for non-adjtvanted vaccines. In sone
enbodi ments, the titer is about 15p.g. Thus, for exanple, when 3
viruses are included in an unadjuvanted vaccine, 1 dose for adults
cont ai ns anHwdiaent.the eskls ags Madin;Pagbypovinskideeyr GIDBKS pellst In protigryj rus
st rai ns) r { he amount fromeach strain may
differ (f%ﬁr%g%%%lﬂég ceglr'l%]?%g%on ‘the antigencity), but the final
concentration i roma about i ncludin

10,15, 50, 55, igpme s Boaente S Rt Sanlytoriiesintnts R heSERIN,
adj uvant edsN@ &smnRedat &a@t&ﬁ@cfo(EJCHAU epads2l T &uﬁﬁmﬂddﬁﬁexﬂé tﬂd&djdv@m is
about 1 to 30 jig, including 2 10, and 20 p 8@6149 vaccine . is

typi cal | ysEllmaly@ingmehysarside ﬁn%td@ﬁst %Q%:gtwmaﬁkv o 0%, hechil A s the same
500, 100080 di s@c{ﬁQnéoqg oMeFva001ne embodlgeﬂ@%@fegst%‘aﬁéﬂh@gﬂr&@é Lot I‘lSC HA
acceptabl e diluents can be used, i1 ncluding, for exanple
Bal anced twlhavstﬂeu@memnmrﬁ@lmwhap T stillfotleer seccie amt@d(rmg) graai@r than
Nor mal Sadéﬂ/‘ £ the viruses cor‘ﬁ‘gﬁ% 'u?:{t] Ea&eWHy&gm ‘-}TEE{H 'aé’ih's uvants can

e /or utica

be added tTo vacci ne ar mace | on. Exanpl es

of i nmune- stl at i uvants,_include, but limted ;
mneral oil, \%Ulj‘é"t’ deOtg+r| aspegts ff; #‘ﬁRFFWH%%}U&E W‘ﬁé’ﬁgﬁ‘it‘ﬁ apwaﬂ@ﬁeéﬁ.vc
det er gentrsfersibi@l @8 SlloMiREKigGRs RAd EBTetailed DRGcr@aAS, | SCOM | SCOM
matri x or other conpounds known in the art, used alone or in

conbi nati on. In addition to ad] uvant, any appropriate

antiviral agents that are usefill against influenza can al so be
i ncluded in a phar maceuti cal conposition. Such antiviral agents

i nclude, for exanple, i dase

i nhibitors (such as zana ﬁ?ﬁl‘aﬂgﬁgl{bﬁgﬁﬁﬁﬁﬁ%]}ﬂm nt erferon,
guani di ne, hydroxybenzi m dazole, interferon al pha, interferon beta,
t hi osem car bar zones met hi sazone, rifanpin, rjibavirin, %ri m di pe or

purine anal ogs, Figprg 1rshQws theeiverage of clinica Pﬁsﬁc ?W‘fﬁ%pﬁ\j feaes Waosdne
virus or §dd-dcRindfed ¢biitdl aHB QA RiMaEdRBs WereRnAHGEH with ICTY &H%ﬁﬁb&@@&ﬂy
herein. The m xtures can be imunogenically titrated to provid
appr oxi neften gaequiteaek A9 deypraesodutergetfor clingral fieeresvick as eqplarjang aztsebl
means th f RCT/ 25
pr oducedac%lotﬂe engng%ngdmg;e@%ﬁ %sgﬁglnﬁlagma;gg@%g% Cl ty%%g%’gg%%ﬁgl%}ed%m
m xt ur e cdhe ghidelines desanbedsinrExiampl | sndmvemge elahieaiu deagts far gach tiestntent gnoep
nore i nmuno i.C, the §trai ns are mxed at a ratio of strain A:strain
B of 1:5.7F p,&gﬁﬁa AFUTS 88X%n of vacci ne The adni nistration of
t he vacci ne COEOSI tion and/ or the}@\ﬁhar maceuti cal conpositiqn can, be
[

for prophyl act i G8YEPsEEREsTaFRaeshFtelrreedapy 6K pheddineigidogs. Nepgvaccinated

conposi t i @RBoIAME vREGYHERI R SR Ghaltiped YWIRIEWE M¥sal dWabY GRAAoYE¢E on the
infection is evident. The prophylactic adm nistration of the

conposi t idgs bs@mdtﬁllmgepm@véhto enfianiteat e dogamygresbs beg elmsai vitus shedding
The phar i

any vy KRS SR SRR AR 89 otk B R o B BaPrd HOUMSURY F byl
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f t t dm ni st d trad |,
nt Famusdil sk HeRmR AR RbEreR ap Chp SRk e ERSE e Pl s o

enbodi rrerhtggmsttdagsy@e@hﬂengé adm n| stered by intranuscul ar or deep
subcut aneous injection in the upper arm A second dose can be given
after an interval of 2 to 4 weeks to sone children who were not



Virus can be obtained using standard net hods, for exanple, from
patient sanples, the American Type Culture Collection (or other

col | ecti orwoanosfiream speci fic | aboratories working on tlpeTaiSEMWS025638
some enbodi nents, the virus is obtained fromthe WHO or CDC,

i ncl udi ng seasonal viruses and possi bl ggpandemnmi c strains. 28 VI.
Det ection of serological response Met hods of identifying
whet her the vaccine induces a serological response are also well

known in the art. For qygt i kﬁpf | with the
i nmunogeni c corrpound/vacgimgﬂé@n [ c];gg?ll(w an ?@i@gﬁqﬁ?%dl es in the

bl ood serum I\/éfrhmdenai)ineﬂubdnbf Prydugnginduéresn v&d’m’ne«&m@ilw%mwﬂmfmh(mﬂawe '

are wel | known t he and i ncl de| ni zation f a t

o ththe VAT mabopBriedhin” e rlGetpiny TR fe st adis Bitnat g itien:
Vi rus ancnd Geid et ﬁb’ke@fhl)t é}@aﬁhﬁﬁ&ﬁ%v@ Ehabsn swah oSMAINERASN Rige

t he di sease. grgh!@tl nation i nh| biti on test can be

per f or neoﬁn%oeémsaéhihﬁwsetqf@um pzadhisds pastilasly taig becwisp sigy celblines that
henaggl utdap b@use!ih@ﬁibigga@@ nifibbAAL;AE hé&hiopbéén%gpx@b@i by BRFDA BidhubEn
performed with turkey Ted bl ood cell test serum

sanpl es, Vaprinexamauispnd shlyyery lRwditers nae h,eemzbtamacﬂnrymu@eldwras
CIV(H3N8). Briefly, a serial two-fold dilution of test serumis
perfornmed in P%hémhvvbmﬁmmﬂdeﬁrmhht ﬂmgeﬁ@ilimﬁﬁddﬁs&blﬁavs. Anitiatiyiahe
vol une of .virus suspensi o cont |n| n of. CIVig added to
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respiratory disease including pneumonia. Thus, dogs showing these symptoms are useful
sources, Appropriate specimens for isolating virus include: nasal wash /aspirate,
nasopharyngeal swab, throat swab, broncheoalveolar lavage, tracheal aspirate, pleural fluid
tap, sputum, cloacal smears, and autopsy specimens. Specimens from living animals
optimally should be collected early, and in some cases, within 4 days after illness onset.
Specimens can be collected in an appropriate transport media to be stored until use or used
immediately. If stored, the virus can be kept at a reduced temperature, such as at 4°C to
ensure viability. To isolate the influenza virus from the specimen, large contaminants can be
removed (for example, by centrifugation) and the supernatant inoculated onto a variety of
cells at a variety of dilutions. Alternatively the virus from the animal can initially be grown
in hens eggs. Methods can be used to confirm that the virus isolate is indeed influenza at any

point in the process.

To confirm the presence of the desired influenza virus at any time in the process of
preparing a tissue-culture adapted isolate, a variety of screening methods can be used. The
virus can be screened by assaying using any known and/or suitable assay for influenza virus.
Such assays include (alone or in combination), viral replication, quantitative and/or
qualitative measurement of inactivation (e.g., by antisera), transcription, replication,
translation, virion incorporation, virulence, HA or NA activity, viral yield, and/or
morphogenesis, using such methods as reverse genetics, reassortrnent, complementation,

and/or infection.
A. Tissue culture cells

Any mammalian host cells that allow the growth of influenza virus can be used for
the methods herein. Typically, the host cells suitably exclude adventitious agents and are of a
passage number that can be certified according to the WHO requirement for vaccine
production. A number of cell lines can be used to isolate and propagate influenza viruses.
Some cell lines that have been used include: Vero cells (monkey kidney cells), MDCK cells
(Madin-Darby canine kidney cells), BHK-21 cells (baby hamster kidney) and BSC (monkey
kidney cell) and HEK cells (human embryonic kidney cells). Thus, any tissue culture cell
that allows the growth of influenza virus can be used. Suitable cells include, but are not

limited to: Vero, MDBK, BK21, CV-1, and any mammalian embryonic kidney cell (e.g.
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HEK). In some embodiments, Vero cells or mammalian embryonic kidney cells are used. In

some embodiments, human embryonic kidney cells (HEK cells) are used.

The appropriate tissue culture medium for propagation of the aforementioned cell
lines will be known to those of skill in the art. Such medium may contain an appropriate
serum (e.g., fetal bovine serum) at a concentration up to 20% v/v. It will be appreciated by
those of skill, that a medium containing less than 20% v/v serum (2-5% v/v) can be used to

propagate the aforementioned cell lines.
B. Optimizing the trypsin for the cells

In order to grow a high titer stock of the virus in cell cultures, an appropriate
amount of protease can be used to activate the hemagglutinin for internalization into cells.
The protease containing solution can be added to the isolate directly or the isolate can be
diluted into the protease for growth of an isolate for production of a vaccine. The protease

can be used to dilute the virus to the appropriate MOI for growth.

The protease can be any protease that is capable of activating the HA for
internalization without damaging viral proteins such that they cannot grow and/or infect cells.
Such proteases include, but are not limited to, prokaryotic protease, pronase, trypsin, and

subtilisin (A), for example, Trypsin [X.

The amount of protease to be used should be enough to activate the virus with very
little toxic effect to the cells. Toxic effect can be analyzed by identifying characteristics of
damage to the cell such as detachment from the plate or substrate, presence of cellular debris,
appearance of dead cells and lack of viable cells. Thus, an “effective amount of trypsin” is
one which, when used for a time sufficient, allows the trypsin to cleave viral proteins, without
detaching the cells from the substrate or causing other toxic effects. Titrating the protease
can also be used to increase production of active virus in tissue culture. Titration involves
identifying the maximum amount of trypsin that is minimally damaging to the cells. This
amount can vary with the tissue culture cells used and with the protease lot. Therefore, new
protease lots can be titrated to establish the optimal level prior to using and each protease can
be titrated for each tissue culture cell. Titration involves inoculating the tissue culture cells
with step-wise dilutions of the protease and incubating them for an appropriate time. For

example, half-step dilutions (10%%) of protease may be used. Incubation time will vary with
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A typical virus culture is heterogeneous. Thus, for example the individual viral
particles in the well of a microtiter plate can vary with respect to infectivity, réplication, and
the like. Serial dilution is used to select subpopulations of viruses in a culture,
subpopulations that are best adapted to cells, for example. Serial dilution involves diluting a
virus culture serially up to extinction, for example, to determine the best MOI. Typically this

involves a series of 10-fold dilutions, but can vary depending upon the titer of virus.

Typically limit dilution is used to identify the highest dilution which produces viral
effect on the cell. The viral effect can be a cytopathic effect (CPE). Cytopathic effects are
any effects on the cell caused by influenza virus infection. These include, but are not limited
to: cell rounding, degeneration, sloughing, apoptosis, induction of reactive oxygen species
(ROS), cells becoming granular and then fragmented, and detachment of cells from a support
(such as a tissue culture dish). The well of the highest dilution is harvested. This harvested
virus is then diluted to extinction and the process is repeated. Typically, serial 10-fold
dilutions are made in an appropriate medium (with or without trypsin), and 0.2 mL of each
dilution is added to a plate or wells of a microtiter plate containing the tissue culture cells and
incubated for a time sufficient to identify CPE of the cells. Because serum inactivates

trypsin, the medium typically does not contain serum. The well or plate containing the
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Tests can be performed to confirm activity and the presence of influenza virus at

any time in the process for the methods herein. For example, hemagglutination can be
identified as follows. If the virus has a surface HA protein it can attach to RBCs and
agglutinate thém. If the concentration of virus in a sample is high, when the sample is mixed
with RBCs, a lattice of viruses and RBCs will be formed. This phenomenon is called
hemagglutination. It is a simple way to detect the presence and titer of viruses that
hemagglutinate such as influenza viruses. If there is not enough virus in the sample to
hemagglutinate the RBCs, they form a pellet at the bottom of the well. The highest dilution
showing complete hemagglutination is taken as the end point. The viral titer is expressed in
HA units (HAU), which are the inverse of the dilution per milliliter. For example if there is
complete hemagglutination in the well, at a 1/32 dilution in 50 uLs, but not in the well with

the next highest dilution, the titer of the virus is 32 HAU per 50 pLs or 640 HAU per mL..

Other assays that can be used to identify and quantify influenza virus include
identification of CPE (as discussed herein), Western blot, ELISA, PCR, and other methods
for identification of influenza virus using antibodies and/or probes that are specific for some

part of the virus, particularly the HA antigen,
I. Methods of growing and harvesting

After production of a virus isolate, the isolate can be harvested. Standard methods

can be used. The harvested isolate can be stored for future use or used to produce a vaccine
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using standard methods. The virus can be harvested when a maximum amount of virus is
produced; when a maximal amount of hemagglutinin is produced, as measured by HA assay;

and/or when the cells are lysed.

After obtaining a tissue-culture adapted isolate, the isolate can be grown and
harvested. The method of growing and harvesting the tissue-culture adapted virus is not
critical to the invention and standard methods can be used. However, in some embodiments,
the virus is grown in the tissue culture cell it is best adapted to. The harvested viral isolate
can be stored for future use or used to produce a vaccine using standard methods. The virus
can be grown on the appropriate tissue culture cells by adding the virus at an appropriate
MOI in the appropriate amount of protease (e.g., trypsin) to cells for a time sufficient to
produce a high titer of virus and/or until the cells are lysed. The virus can be harvested when
a maximum amount of virus is produced, when a maximal amount of hemagglutin is
produced and/or when the cells are lysed. It has been found herein that an optimal pre-
growth of the virus in eggs (in the allantoic cavity or inoculation through the amniotic

membrane) can increase the adaptation of virus in the tissue culture cells.
A. Pre-growth in eggs

Passage in egg cultures has been shown to facilitate the adaptation of virus in the
tissue culture cell. Thus, it may be desirable to pre-grow the viral isolate in embryonated
hens' eggs according to standard technologies. For example, the virus is injected into the
allantoic cavity or via the amniotic membrane of 9-12 day old embryonated eggs and allowed
to multiply for about three days. Then the allantoic or amniotic fluid is collected and the
collected material can be grown in tissue culture at the appropriate MOI for use in production
of a vaccine. Alternatively, the collected material can be directly used in limit dilution
cloning. It has been found that inoculation of the eggs through the amniotic membrane
enriches for virus that can replicate and can produce high levels of HA protein when grown in

Vero cells.
B. MOI

It was identified herein that a low MOI results in a better and/or higher titer viral
isolate. Without limitation to a specific theory, it is believed that a low MOI reduces the

amount of defective virus particles and results in a more efficient infection process. In some
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embodiments, the MOI used is less than about 0.01 {one virus per 100 cells). In other
embodiments, the MOI is less than about 0.003. In some embodiments, the MOI is less than
about 0.001. The MOI can be chosen as being the lowest MOI that results in a high titer of

virus and/or that lyses the cells in about 3 to 4 days.
III. Vaccine Production

Once a desired isolate is obtained from the tissue-culture adapted virus, the virus
can be used to produce a vaccine. Many types of viral vaccines are known, including but not

limited to attenuated, inactivated, subunit, and split vaccines,
A. Methods of producing attenuated virus

Attenuated vaccines are live viral vaccines that have been attenuated or changed to
no longer cause disease. These can be produced in many ways, for example, growth in tissue
culture for repeated generations and genetic manipulation to mutate or remove genes
involved in pathogenicity. The tissue-culture adapted isolate can be used to produce an
attenuated virus using standard methods. For example, once viral genes and/or proteins are
identified that are involved in pathogenicity or involved in the disease manifestation, these
can be mutated or changed such that the virus is still able to infect and replicate within a cell,
but it cannot cause disease. An example of this is to mutagenize the HA1/HA?2 cleavage site.
The tissue-culture adapted virus can be attenuated using any standard methods, for example

cold adapting the virus,

After production of the attenuated virus, the vaccine can be prepared using standard
methods (for example, the methods herein). The virus can be purified using standard
methods, for example using size exclusion chromatography. A vaccine can then be prepared
using standard adjuvants and vaccine preparations, for example, ISCOM, nano-beads,
mineral oil, vegetable oil, aluminum hydroxide, saponin, non-ionic detergents, squalene, and
block co-polymers can be used alone or in combination as adjuvents. Current commercial
vaccines in the United States and Europe do not contain aﬁy adjuvant (both live and killed
vaccines) and this is partly why such a high concentration of HA (15ug of HA per virus

strain, 45pg of HA for trivalent formulation) is needed in the vaccine.
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B. Methods of producing inactivated, subunit, and split virus vaccines

Once a desired virus is obtained, it can be used to produce an immunogenic
composition, for example, a vaccine. Examples of "killed" vaccines are inactivated, split and

subunit vaccines. These can be prepared to treat influenza using standard methods.

For example, subunit vaccines generally involve isolating only the part of the virus
that activates the immune system. In the case of Influenza, subunit vaccines have been
prepared using purified HA and NA, but any mixture of viral proteins can be used to produce
a subunit vaccine. Generally, the viral protein, such as HA is extracted from recombinant
virus forms and the subunit vaccine is formulated to contain a mixture of these viral proteins
from strains recommended by WHO. For example, the 1995-1996 vaccine contained the HA
and NA from two A strains and one B strain (A/Singapore/6/86 (HIN1);
A/Johannesburg/33/94 (H3N2); and B/Beijing/84/93). For H3N8 CIV, the H3 and/or N8

antigens can be used.

Generally, the viral protein(s) are extracted from the virus and the subunit vaccine is:
formulated to contain a mixture of these viral proteins. Proteins can be isolated from a tissue
culture adapted viral isolate for a subunit vaccine using standard methods. Alternatively, the
proteins may be produced using recombinant techniques. Techniques for producing a

particular protein are known in the art.

Split vaccines generally involve treating enveloped viruses with detergent to
solubilize the proteins therein. In the case of influenza virus, HA and NA become
solubilized. For example, nonionic detergents such as Triton X-100 can be used for

producing split vaccines.

Inactivated viral vaccines are prepared by inactivating the harvested virus and
formulating it using known methods for use as a vaccine to induce an immune response in a
mammal. The inactivation step, purification of subunits, and/or splitting can be performed
before or after purification of the virus by size exclusion. For example, production of an
inactivated vaccine, may involve removal of cellular material, inactivation of virus,
purification and solubilization of the viral envelope. Other embodiments may involve

purification of virus and then inactivation, for example using formaldehyde.
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Once prepared, any of the vaccines (for example, attenuated, split, subunit or
inactivated) can be tested to identify that the virus and/or vaccine has maintained similar
antigenicity, produces a serological response in a mammal, and/or provides protection from

disease in a mammal.
C. Further processing of harvested virus
1. Clarification of harvested virus

After harvesting and/or after inactivation of the harvested virus, the cellular material
and other interfering materials can be removed, for example, by sedimenting to remove the
microcarriers and concentrating the supernatant by ultrafiltration. Influenza grown in tissue
culture cells will contain host cellular proteins. Some further clarification of the supernatant
may be needed. Cellular DNA can be removed by enzymatic treatment (e.g. Benzonase).
After the initial removal of interfering material, virus can be inactivated using standard
methods. Alternatively, inactivation can be performed after further purification by, for

example, size exclusion chromatography.
2, Inactivation of virus

The influenza virus may be inactivated in any number of ways and by any number
of agents. The method of inactivation is not critical to the invention. Inactivation can occur
after contaminating or interfering material is removed. Inactivation can include the use of
known inactivating agents. Such inactivating agents include, but are not limited to: UV
irradiation, formaldehyde, glutaraldehyde, binary ethyleneimine (BEI), and beta-
propiolactone. In some embodiments BEI is used because it is known to destroy the viral
nucleic acid without damaging the viral proteins. In addition, BEI is not affected by protein
content and temperature. Inactivating agents are used at a concentration high enough to
inactivate every viral particle in the solution. For example, BEI can be used at a final
concentration of between about 0.5 and 10mM, including but not limited to: 1.5, 3, 4, 5, and 6
mM and including ranges of about 1 to 6, and 1 to 3 mM. In one embodiment, the BEI is
used at a concentration of about 6mM. Typically, the BEI is used at a concentration of about
1.5 mM and incubated at 37°C for 48 hours. In the preparation of vaccines to CIV, BEI can
be used at a final concentration of between about 0.5 and 10mM usually between 4 to 8, and

often between 5 to 7mM. In one embodiment, the BEI is used at a concentration of about
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6mM. In some embodiments inactivation occurs at the appropriate pH and temperature for
the inactivating agent. The pH and temperature can be chosen to ensure the resulting
inactivated virus is still immunogenic. Inactivation can proceed with an appropriate amount

of agitation to ensure that the agent contacts all virus particles in the solution.

After inactivation, the inactivating agents can be removed using methods including,
but not limited to, inactivation of the inactivating agent, precipitation of the inactivating
agent, filtration of the inactivating agent, and chromatography, or a mixture of these methods.
For example, BEI can be inactivated by the addition of sodium thiosulfate. Residual BEI can
also be separated from virus/viral proteins using size exclusion methods. Once innocuity
(absence of live virus) is confirmed, the viral solution can be further processed to produce a

vaccine.
3. Further processing

The viral solution can be further processed, for example, to remove contaminants,
further concentrate the virus and provide for a stronger immune response. Some examples of
further processing include initial removal of cellular material, removal of cellular DNA,
concentration, and formulation in adjuvant using standard methods. Influenza grown in
tissue culture cells will contain host cellular proteins. For example, influenza propagated on
human embryonic kidney (HEK) cells will possess HEK proteins or bovine or simian
proteins if grown in MDBK or VERO cells respectively. These proteins can be detected by
methods known to those of skill in the art. Many methods are known for removal of DNA,
including addition of a variety of DNase enzymes known to degrade cellular DNA, for
example, Benzonase. An initial concentration step can be performed to provide the viral
solution at a concentration best suited for additional purification by chromatography. This
can be done using any standard methods, including but not limited to ultra filtration using a
membrane having a molecular weight cut off of about 100K (e.g. polysulfone membrane with
a MWCO of 100K). The viral solution can be concentrated up to about 100 fold, including
but not limited to 90 fold, 80 fold, 70 fold, 60 fold, 50 fold, 40 fold, 30 fold, 20 fold, 10 fold,
and 5 fold. In some embodiments, the viral solution is concentrated up to about 50 fold, buf

more typically including 20 fold and 30 fold.
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4, Purification

The virus can be purified using standard methods such as density centrifugation. In
some embodiments, the virus is purified by size exclusion gel chromatography. One
advantage of using size exclusion is that the yields are better than when using density
centrifugation. Any size exclusion gel can be used that results in purification of virus. Any
standard gel can be used, such as Sepharose gel (e.g. Sepharose CL-2B). In some
embodiments, the column is about 70 to 120 c¢m in length to achieve the required separation,
including but not limited to about 80, 90, 100, and 110. In other embodiments, the column is
from about 80 to 100 ¢m in length, for example the column is about 90 cm in length. In some
embodiments, the length is achieved by multiple columns in series, for example two 45 cm
columns or three 30 ¢m columns (e.g., a column 30-32 c¢m in length by 30 cm in diameter).
The concentrated virus can be applied using standard methods, for example, the virus is
applied at 5-10% of the column volume (CV), typically 5-7% CV. The viral peak from the
column can then be collected and further concentrated using standard methods, for example
ultra filtration. In some embodiments, 2 to 3 columns in series having a total of 90 cm in

length are used and the final peak is pooled and concentrated by ultrafiltration.
5. Solubilization of the envelop proteins

The concentration virus peak material can be solubilized using standard methods,
such as, with a non-ionic detergent. The solubilization can be performed to prepare the
material for formulation of ISCOMS (see below). Examples of non-ionic detergents,
includes but are not limited to, Nonanoyl-N-Methylfucamide (Mega 9), Triton X-100,
Octylglucoside, Digitonin, C12ES8, Lubrol, Nonidet P-40, and Tween (for example Tween 20,
80 or 120). After solubilization, the virus can be used to produce a vaccine, and/or an
adjuvant can be added. For example, for production of an ISCOM adjuvant, a lipid mixture
can be added to assist ISCOM formation. The lipid mixture can include a phosphatidyl
choline and synthetic cholesterol. In some embodiments, the virus is disrupted with Mega 9
at room temperature with stirring and then the lipid mixture (phosphatidyl choline and

cholesterol) can be added and stirring continued.
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6. Formation of adjuvants

Appropriate adjuvants can be added to the vaccine and/or pharmaceutical
composition. Examples of adjuvants include those containing an oil and water emulsion, as
well as those that further comprise aluminum hydroxide. In the latter case, aluminum
hydroxide from a commercial source can be used, for example, Alhydrogel, (Superfos
Biosector, Frederikssund, Denmark) and Rehydrogel (Reheis Inc.). The oil and water
emulsion typically comprises mineral oil or metabolizable oils (e.g., vegetable oil, fish oil).
Non-ionic detergents or surfactants may be used as emulsifiers. Examples of emulsifiers
include Tween 80/ Span 80, Arlecel 80/ Tween 80, and Montanides (Seppic, Paris, France).
In the case of adjuvant emulsions, generally 5-25% of the volume is oil and 75-95% of the
volume is aqueous. In some embodiments, the adjuvant emulsion is 20% oil and 80%
aqueous by volume. The amount of aluminum hydroxide is usually between about 5% and

15% of the aqueous phase. In some embodiments, Emunade® is the adjuvant.

For some embodiments, ISCOM is used as an adjuvant. ISCOM is an acronym for
Immune Stimulating Complex and the technology was described by Morein et al. (Nature
308:457-460 (1984)). ISCOM’s are a novel vaccine delivery system and are unlike the
conventional adjuvant techniques. An ISCOM can conveniently formed in one of two ways.
In some embodiments, the antigen is physically incorporated in the structure during its
formulation. In other embodiments, an ISCOM-matrix (as supplied by, for example,
Isconova) does not contain antigen but is mixed with the antigen of choice by the end-user
prior to immunization. After mixing, the antigens are present in solution with the ISCOM-

matrix but are not physically incorporated into the structure.

Generally, in an ISCOM, purified antigens are presented in a multimeric form based
on the ability of Quil A to spontaneously form micelles at a critical concentration and by a
hydrophobic/hydophilic link, entrap the purified immunogens, These micellar structures are
in the order of 35 nm in size and are easily recognized by the immune system. Unlike
conventional depot adjuvants, ISCOMS are rapidly cleared from the injection site and illicit
local, humoral and cell-mediated immune responses. In particular embodiments, [ISCOMs
are formed as follows. The virus is solubilized using standard methods, such as with a non-
ionic detergent (e.g., Mega-9, Triton X-100, Octylglucoside, Digitonin, Nonidet P-40, C);Es,
Lubrol, Tween-80). A lipid mixture is added to assist ISCOM formation. The lipid mixture
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can include a phosphatidyl choline and a synthetic cholesterol. In some embodiments, the
mixture is first treated with non-ionic detergent at room temperature with stirfing, then the
lipid mixture (equal parts phosphatidyl choline and cholesterol, for example) is added and
stirring continued. Quil A (a purified glycoside of saponin) is added to the virus lipid
mixture and stirring is continued. The Quil A can be added to give a final concentration of
Quil A of about 0.01 to 0.1 %, including but not limited to 0.02, 0.03, 0.04, 0.05, 0.06, 0.07,
0.08, and 0.09. In some embodiments, the final concentration is about 0.05%. The non-ionic
detergent is removed (for example, by diafiltration with ammonium acetate). The matrix of
the ISCOM is formed by Quil A. The morphology of an ISCOM particle, as viewed by
electron microscopy, shows a typical cage like structure of approximately 35 nm in size. The
ISCOM formation stage can be refined by the use of tangential flow diafiltration. ISCOMs
present purified antigens in a multimeric form based on the ability of Quil A to spontaneously
form micelles at a critical concentration and by a hydrophobic/hydophilic link that entrap the
purified antigens. Formation of ISCOMs can be verified by electron microscopy to verify
that the typical cage-like structures have been formed. The immune response from an
[SCOM presentation was shown to be at least ten times better than from a similar antigen
payload presented as micelles of aggregated membrane protein alone. ISCOMs were also
found to elicit a cell mediated response, not seen with conventional whole virus vaccines. In

some embodiments, the final concentration is about 0.(5%.

Immune stimulants may also be added to the vaccine and/ or pharmaceutical
composition. Immune stimulants include: cytokines, growth factors, chemokines,
supernatants from cell cultures of lymphocytes, monocytes, or cells from lymphoid organs,
cell preparations and/or extracts from plants, cell preparation and/or extracts from bacteria,
parasites, or mitogens, and novel nucleic acids derived from other viruses and/or other
sources (e.g., double stranded RNA, CpG), block co-polymers, nano-beads, or other

compounds known in the art, used alone or in combination.

Particular examples of adjuvants and other immune stimulants include, but are not
limited to: lysolecithin; glycosides {e.g., saponin and saponin derivatives such as Quil A or
GPI-0100); cationic surfactants (e.g. DDA); quaternary hydrocarbon ammonium halogenides;
pluronic polyols; polyanions and polyatomic ions; polyacrylic acids, non-ionic block

polymers (e.g., Pluronic F-127); and MDP (e.g., N-acetyl-muramyl-L-threonyl-D-
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isoglutantine (thr-MDP), N-acetyl-nor-muramyl-L-alanyl-D-isoglutamine, N-acetylmuramyl-
L-alanyl-D-isoglutaminyl-L-alanine-2-(1'-2'-dipalmitoyl-sn -glycero-3-
hydroxyphosphoryloxy)-ethylamine).

D. Efficacy of vaccines

Methods are well-known in the art for determining whether a subunit, attenuated,
split, and/or inactivated virus vaccine has maintained similar antigenicity to that of the
clinical isolate or tissue culture adapted isolate derived there from. Such known methods
include the use of antisera or antibodies, HA and NA activity and inhibition and DNA
screening (such as probe hybridization or PCR) to confirm that donor genes encoding the
antigenic determinants are present in the inactivated virus. Methods of identifying whether
the vaccine induces a serological response are also well known in the art and include
immunization of a test animal with the vaccine, followed by inoculation with a disease-
causing virus and identification of the presence or absence of symptomns of the disease. Thus,
efficacy of the influenza vaccine can be tested in animals, usually ferrets, mice, and guinea
pigs are used. Antibody titer can be tested using Hemagglutinatin inhibition (HI) or
Neuraminidase inhibition (NI) method, or testing for virus neutralizing antibodies (micro
neutralization test) in tissue culture, and such methods that are generally known. Challenge

studies can provide important information to evaluate the vaccine,

Pharmaceutical compositions and/or vaccines suitable for treatment include virus or
viral subunit in admixture with sterile aqueous or non-aqueous solutions. The process of
producing a pharmaceutical composition and/or vaccine can involve isolating a tissue culture
adapted isolate, growing and purifying the viral isolate, inactivating and or attenuating the
virus and mixing an appropriate titer with a physiologically acceptable diluent and an
immune stimulating agent. Altemnatively, viral proteins can be purified for a subunit vaccine
and an appropriate amount mixed with a physiologically acceptable diluent and an immune
stimulating agent. The virus can be purified enough that there will be no contaminating
material or substance that could interfere with the inactivation step and/or the

immunogenicity of the virus.

An appropriate titer of virus or concentration of viral proteins can be admixed with

the diluent and the immune stimulating agent. Measurement of TCIDsg is one way to
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measure virus titer (50% tissue culture infective dose). For example a titer of from about 10°
to 10'2 TCIDs, (based on pre-inactivation titers) can be used, including but not limited to 10,
107, 10%,10°, 10'% and 10, Optionally the titer can be analyzed by the HA titer and can
contain from about 1 to 30ug of HA per virus included in the vaccine, including but not
limited to 1 to 10pg for adjuvanted formulations and 1 to 30ug for non-adjuvanted vaccines.
In some embodiments, the titer is about 15pg. Thus, for example, when 3 viruses are
included in an unadjuvanted vaccine, 1 dose for adults contains the equivalent of 45 pg HA
(15 pg for each of the 3 virus strains). In other embodiments, the amount from each strain
may differ (for example depending on the antigencity), but the final concentration is from
about 1 to about 60 ug HA, including 2, 3, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 and 55 pg. In
another embodiment, adjuvanted vaccines are expected to contain quantities of HA from
about 1 to 30 pg, including 2, 5, 10, and 20 pg. The vaccine is typically of a volume between
about 50 pl and 5000pl., including 100, 500, 1000, 2000, and 5000 pls.

Standard physiologically acceptable diluents can be used, including, for exampie,
EMEM, Hank's Balanced Salt Solution, and Phosphate Buffered Saline (PBS}) and Normal

Saline.

Appropriate immune-stimulating adjuvants can be added to the vaccine and/or
pharmaceutical composition. Examples of immune-stimulating adjuvants, include, but are
not limited to: mineral oil, vegetable oil, aluminum hydroxide, saponin, non-ionic detergents,
squalene, block co-polymers, nano-beads, ISCOM, ISCOM matrix or other compounds

known in the art, used alone or in combination.

In addition to adjuvant, any appropriate antiviral agents that are useful against
influenza can also be included in a pharmaceutical composition. Such antiviral agents
include, for example, rimantadine, amantadine, neuraminidase inhibitors (such as zanamivir
and oseltamivir), gamma interferon, guanidine, hydroxybenzimidazole, interferon alpha,
interferon beta, thiosemicarbarzones, methisazone, rifampin, ribavirin, pyrimidine or purine

analogs, and foscarnet.

Vaccines having more than one virus or strain of viral proteins can be produced
using the methods herein. The mixtures can be immunogenically titrated to provide

approximately equivalent immunogenicity. Immunogenically titrated means that the final
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product is produced to even out differences in immunogenicity. For example, if a mixture of
strain A and strain B is prepared and strain A is 5 times more immunogenic, the strains are

mixed at a ratic of strain A:strain B of 1:5.
1v. Administration of vaccine

The administration of the vaccine composition and/or the pharmaceutical
composition can be for prophylactic purposes. ~When provided prophylactically, the
compositions are provided before any symptoms of influenza viral infection is evident. The
prophylactic administration of the composition serves to prevent or attenuate any subsequent
infection. The pharmaceutical composition and/or vaccine can be administered in any way
known in the art, including via inhalation, intranasally (for example with attenuated
vaccines), orally, and parenterally. Examples of parental routes of administration include
intradermal, intramuscular, intravenous, intraperitoneal and subcutaneous. In some
embodiments, the vaccine is administered by intramuscular or deep subcutaneous injection in
the upper arm. A second dose can be given after an interval of 2 to 4 weeks to some children
who were not previously vaccinated for or exposed to influenza (unprimed). One or more
booster vaccinations may be administered at an appropriate time after the initial

immunization.

An effective amount of the vaccine and/or pharmaceutical composition is
administered. An effective amount is an amount sufficient to achieve a desired biological
effect such as to induce enough humoral or cellular immunity. This may be dependent upon
the type of vaccine, the age, sex, health, and weight of the recipient. Examples of desired
biological effects include, but are not limited to, production of no symptoms, reduction in
symptoms, reduction in virus titer in tissues or nasal secretions, complete protection against

infection by influenza virus, and partial protection against infection by influenza virus.

In some embodiments, an immunologically effective amount of a CIV vaccine is
from about 100 HAU to about 1500 HAU per dose. The composition typically is between
250 and 750 HAU per dose. In one embodiment, the vaccine composition includes about 500

HAU per dose.

When administered as a solution, the vaccine can be prepared in the form of an

aqueous solution, a syrup, an elixir, or a tincture. Such formulations are known in the art, and
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are prepared by dissolution of the antigen and other appropriate additives in the appropriate
solvent systems. Such solvents include water, saline, ethanol, ethylene glycol, glycerol, and
Al fluid, for example. Suitable additives include certified dyes, flavors, sweeteners, and
antimicrobial preservatives, such as thimerosal (sodium ethylmercuithiosalicylate). Such
solutions may be stabilized using standard methods, for example, by addition of partially
hydrolyzed gelatin, sorbitol, or cell culture medium and may be buffered using standard
methods, using, for example reagents such as scdium hydrogen phosphate, sodium
dihydrogen, phosphate, potassium hydrogen phosphate and/or potassium dihydrogen
phosphate. Liquid formulations may also include suspensions and emulsions. The
preparation of suspensions, for example using a colloid mill, and emulsions for example

using a homogenizer.
V. Viral strains and WHO

In order to give time for adequate vaccine stocks to be produced, a decision must be
made well before flu season, as to which influenza A and B strains to use for this years
vaccine (for the winter season). There is an elaborate and sophisticated epidemiological
monitoring systems worldwide, which helps these decisions. [n addition, the WHO usually

prepares seed virus for use in producing vaccines.

There are 16 known HA subtypes and 9 known NA subtypes. Many different
combinations of HA and NA proteins are possible. Only some influenza A subtypes (i.e.,
HIN1, HIN2, and H3N2) are currently in general circulation among people. Other subtypes
are found most commonly in other animal species. For example, H7N7 and H3N8 viruses

cause illness in horses, and H3N8 also has recently been shown to cause illness in dogs.

Three prominent subtypes of the avian influenza A viruses that are known to infect
both birds and people are Influenza A HS- H5 infections, such as HPAI H5N1 viruses,
Influenza A H7, and Influenza A H9. However, the next strains that infect humans and cause

epidemics or pandemics could come from any subtypes.

Virus can be obtained using standard methods, for example, from patient samples,
the American Type Culture Collection (or other collection) or from specific laboratories
working on the virus. In some embodiments, the virus is obtained from the WHO or CDC,

including seasonal viruses and possible pandemic strains.
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VL Detection of serological response

Methods of identifying whether the vaccine induces a serological response are also
well known in the art. For example, one can inject a test animal with the immunogenic
compound/vaccine and identify antiviral antibodies in the blood serum. Methods of
identifying whether the vaccine is protective are well known in the art and include
immunization of a test animal with the vaccine, followed by inoculation with a disease-

causing virus and identification of the presence or absence of symptoms of the disease.

The Hemagglutination inhibition test can be performed to identify the presence of a
serological response to hemagglutinin. The hemagglutination inhibition (HAI) assay may be
performed with turkey red blood cells {(RBCs) on all test serum samples, for example by
using a known influenza subtype such as CIV(H3N8). Briefly, a serial two-fold dilution of
test serum is performed in PBS in V-bottomed 96-well microtiter plates. An equal volume of
virus suspension containing 4-8 HAU/50pl of CIV is added to each well containing test
serum, and the plates incubated at room temperature for 30 minutes. Then, an equal volume
0f 0.5 % turkey RBC suspension was added. The plates are then incubated at room
temperature for 30 min and HAI results are read. The reciprocal of the highest dilution of the

serum showing HA inhibition is considered as the HAI titer of the test sample.

Other methods of determining the presence of antibodies to influenza virus include
the Neuraminidase inhibition test, Western blot, ELISA, PCR, and other methods for the

identification of influenza virus antibodies. These assays are known in the art.

VIL Examples

The following examples provide procedures for isolation, adaptation and
purification of influenza virus to create a homologous virus population for the production of a
master seed. The examples use Vero cells (American Type Culture Collection, CCL 81), but

any cell type could be used that is permissive for influenza virus.

EXAMPLE 1: Chemicals and Biologicals

The infection medium used contained 1 Liter DMEM (Cambrex, Catalog No. 04-
096) or equivalent; stored at 2-7°C, 20 mL L-Glutamine (Cellgro, Catalog No. 25-005-CV) or
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equivalent; stored frozen at -10°C or colder. Once thawed, it was stored at 2-7°C for up to 4
weeks, and Type IX Trypsin (Sigma Product No. T0303, CAS No. 9002-07-7) or equivalent;
was aliquoted and stored frozen at -5 to -30°C. The infection medium was freshly made

before infecting the cells.

The cell culture medium preparation was as follows: 1 Liter DMEM, 20 mL L-
Glutamine, 50 mL Fetal Bovine Serum (Gibco Catalog No. 04-4000DK) or equivalent (Note:
Sourced from a BSE free country). The complete medium was stored at 2-7°C for no more

than 30 days after preparation.

EDTA-Trypsin (Cellgro Catalog No. 98-102-CV or equivalent) used for passaging

the cells was stored at -5 to -30°C, expiration date was assigned by the manufacturer.

EXAMPLE 2: Cell Culture preparation

Because the dilution of protease to be used for the virus infection step can vary by
lot, new trypsin lots were titrated to establish the optimal level prior to use. An example of
the titration is to serial dilute type IX trypsin in DMEM containing L-glutamine, using half
log dilutions (107, 105,102, 1023, etc.). Using a 96 well plate containing a freshly
confluent monolayer of Vero cells, wash each well of the plate 2 times using 280 pL of PBS.
Immediately after washing, add 200 pL of each dilution of type IX trypsin to a row of the
plate, The plate is then incubated at 37°C plus or minus 2°C with 5% CO; and the cells are
observed after 4 days. The lowest dilution of trypsin that shows no or little effect on the
health of the cells is selected as an appropriate concentration of trypsin to use for both
isolation and optimization of infection with influenza. It is desirable and common to see little

or no variation between wells inoculated within each concentration.

For limit dilution cloning of virus in the Vero cells, a confluent monolayer was
used, typically 3-4 days of age; grown in 96 well Falcon microtest plates. The cells were
derived from ATCC CCL 81 and used between passages 132 and 156.

Preparation of Vero cells from liquid nitrogen (LN;) was as follows: one ampule of
Vero cells was removed from LN, and thawed in a 36°C plus or minus 2°C water bath. The
entire contents of the vial was pipetted into a 25 cm’ tissue culture flask containing 10mL of
cell culture media that is supplemented with 10% fetal bovine serum. The flask was

incubated at 36°C plus or minus 2°C in 4-6% CO,. After about 1 hour, the supernatant and




i 0-5 i 0-4 + + + + + + + +

WO 2008/076371 PCT/US2007/025636

30

unattached cells were gently removed and 10 mL of fresh tissue culture media added. Cells
were incubated at 36°C plus or minus 2°C in 4-6% CO, until 90-100% confluency was

reached.

Passage of the Vero cells was as follows: Monolayers were washed using 10-20 mL
of PBS for approximately 3 minutes. PBS was decanted and replaced with 3 mL of EDTA-
trypsin (Cellgro, Catalog No. 98-102-CV), the monolayer was incubated for approximately 3
minutes or until the cells were detached from the flask. The suspension was diluted by
adding 17 mL of prepared growth media (containing FBS) to dilute and neutralize the trypsin.
Cells were then counted using a hemocytometer to determine the cell count per mL of
suspension. The number of flasks that could be prepared using this suspension was
calculated by: Cells per mL (suspension) X mLs of desired suspension = mLs of plate for
each vessel. Cells per mL (desired) Total the mLs of suspension, the total mLs of suspension
must be less the volume available. If not the plating cell density can be adjusted to
accommodate this, however it should be noted that the length of time until the cells are
confluent will be longer with a lower cell density at plating. Vessels were usually plated
using cells suspensions with a cell density of 1x10* to 1x10° cells per mL. Cells were

incubated for 3-4 days, or until confluent.

These techniques for maintaining and propagating Vero cells were similarly applied
to other cell lines used such as the Madin Darby Canine Kidney (MDCK) and HEK 293.

HEK 293 cells particularly suited for propagation of viral isolates was cloned. This
HEK 293 subclone, designated GT-D22 (or D22), was isolated from an initial preparation of
HEK 293 cells (ATCC No. CRL-1573; ATCC Batch No. F-11285 at Passage 33). HEK 293
cells were subcloned and selected on the basis of improved productivity of recombinant
adenovirus Type 5 carrying the gene for expression of p53. Clones having normal
morphologies and adequate growth rates were trypsinized and seeded at 1-2 x 10° cells per
well for further analysis. Top producing clones were subjected to further subcloning and
selection. The D22 subclone was finally selected. The ability of the D22 subclone to

propagate Influenza has been demonstrated using Swine Influenza Virus (SIV).

Biosafety precautions were taken when working with live influenza virus. Influenza

is a Class 2 etiologic agent and recommendations found in CDC-NIH, HHS Publication No.
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(CDC) 88-8395 (Biosafety in Microbiological and Biomedical Laboratories) for handling the

virus in the laboratory were followed.

EXAMPLE 3: Limit Dilution Cloning

Preparation of dilution tubes and sample dilution for limit dilution cloning was as
follows. Test tubes (12 x 75 mm) were set up in racks and labeled. 1 sample was run per
plate and the dilution series for each sample was 10" to 10™'% Dilution medium was
dispensed in 1.8 mL amounts into each test tube using a serological pipette. The first tube
was labeled with the virus identification. Several additional tubes were prepared for use as
diluent controls and for replacement if any errors are made during dilution performance.
Samples were vortexed for approximately 5 seconds, then the initial dilution was made by
pipetting 200 pL of sample into the 107! dilution tube. Serial dilutions were continued to
10°7'°. For each dilution, the sample was vortexed and the pipette tip was changed between

dilutions.

Dilutions were transferred to cell plates as follows. Immediately prior to use, the
medium was aseptically poured from the cell plates. Each well was rinsed using a 12-channel
pipetter 2-3 times with 280 pL of sterile PBS. The plates were aseptically emptied, but they
were not allowed to dry out. Plates were labeled with the virus identification, date, and
dilution scheme. Each dilution was vortexed briefly prior to addition to the plate. Using a
motorized Finnpipette or other appropriate pipetter with 1000 pL tips, 200 pL per well of
sample was inoculated into a single row of the plate. The samples were loaded according to
virus concentration. First, 2 rows of diluent controls were added to the plate followed by the
highest dilution of virus (1 0"'%) and continuing with the remainder of the samples. Samples

were loaded in sequence from 107'° through 107

EXAMPLE 4: Virus Preparation

Harvesting of the virus and the CPE was evaluated as follows. Following the 4 day
incubation period, cytopathic effect (CPE) was read by microscopic examination. The
presence of cellular debris, appearance of dead cells and lack of viable cells were used to
characterize CPE because they are typical for influenza virus. Occasionally nonspecific
interference was observed in the initial virus dilutions, therefore it was important to examine

several dilutions for CPE. When evaluating CPE it was important to determine the extent of



+ ++ + ABCDEF GH Virus fromwells CS & 05 was harvested
I nfl uenza clones, in Table 2, were identified based upon a
conbi nation of the columm designation A-H and row 1-10 (dilution

series 10-vwobhgeugh 10-1, respectively). For exanpl e thergkaogonage
B4 represents virus harvested fromthe well found at columm B and row

4 (104 dilution). Vi rus harveind fromthe third imting
dilution (-100 ul) were diluted in 5 of DMEM containing 1.25 ug/ml
type I X trypsin and inocul ated onto confl uent Vbro ceIIs (passage

132-152 | i ted far, 60 ut
i of - DMAUECBS AT T Dt B Tre R, ol et Sln R ARty s
cul t ur es aeliEedibyGelRatigthE okl ofthe Hphest3imple dildfion thietrexBibitedlCPB| busbEthose

supernatants were tested for hemaggl utinin and £ th c) ones derléﬁd
from ami"GHSSXPEIHEETVas SHe todhg el ar WAL Beahshpwedihs smakissherdeniof i

yi el ds ofp{dbsdisqes, Tlfbtﬂo‘ﬁteﬁ?s of Bl RereMdFesed b Hﬁrﬁﬁ ﬁﬂ%e@ﬁ‘ﬁnﬁﬂﬁfﬂﬁ%
Yield (11AU nl) Al'l'antoic fluid H/H3F4 320 Amiotic fluid
pipette to aspirate the fluids. Usually the fluids were pipetted repeatedly to remove loosely

attached cells from the well bottom and to help break up any clumps of cells or virus in the
suspension. The harvested fluids were then used to perform an additional round, or rounds,
of limiting dilution cloning or were sometimes used to inoculate a fresh monolayer for the
production of a post cloning seed. It was typical to perform 2 to 3 rounds of limiting dilution
cloning in immediate succession to produce a uniform population of virus. HA titer was

analyzed at each step in the process and the results are shown in Table 1.

A/Indonesia/05/2005 (INDOHSN1), A/Vietnam/1203/04 (VINHSN1), A/New
Caledonia/20/99 (A/NC/20/99(R)), and A/Wisconsin/67/05 (A/Wis/67/05R) are reassortment
influenza viruses provided by the CDC. For the reassortment viruses the genes encoding
surface glycoproteins HA and NA are from the influenza strain (INDOHS5N1, VNHS5N],
A/New Caledonia/20/99 and A/Wis/67/05) while the remaining internal genes are from
A/PR/8/34. Limiting dilution cloning was also applied to wildtype (without PR8
reassortment) influenza strains A/New Caledonia/20/99 (A/NC/20/99), A/Wisconsin/67/05
(A/Wis/67/05) and B/Malaysis/2506/04. The viruses were generated by using reverse genetic
techniques and passaged in embryonated eggs. The egg materials were directly used for limit

dilution cloning in Vero cells (A procedure for HA titration is shown in Example 5).
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L

Using SRID (Single Radial Immunodiffusion) to quantitate hemagglutinin, up to
132 ug/mL hemagglutinin protein was obtained for B/Malaysia/2506/04 in the concentrated
Vero cell culture medium. The yield in pg of HA/mL of culture was 10x better than known
published methods using Vero cells. Currently, a dose of human vaccine is equivalent to
about 15 pg/strain of virus. Therefore about 8-9 doses can be obtained from one ml. of

concentrated Vero cell culture medium.
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EXAMPLE 5: Passage of Influenza through Amniotic Membrane Enhances for Virus
Able to Grow on Tissue Culture Cells

Influenza virus VNH5N1-PR8/CDC-RG was received from the CDC. Thisisa
reassortant virus composed of the HS and N1 genes from a Vietnam strain of avian H5N1
influenza virus on the PR8 virus backbone. This virus was expanded in 11 day old
embryonated eggs inoculated by the allantoic cavity. Allantoic fluids were harvested 2-3

days after inoculation and had a virus yield of 2560 hamagglutinin units (HAU)/ml.

Allantoic fluids {(~200 pI) were diluted in 5 mL DMEM containing 1.25 pg/ml Type
IX Trypsin and allowed to absorb to a confluent monolayer of Vero Cells (ATCC CCL No.
81 at passage 147) for 60 minutes at 36 £ 2 °C. Cultures were fed with 25 mL DMEM
containing 1.25 pg/ml Type IX Trypsin and incubated for 3 days and culture supernatants

harvested. There was no detectable hemagglutinin activity in the harvested fluids.

Virus-containing allantoic fluids were diluted 1:10,000 and 100p] inoculated into
both the allantoic cavity and onto amnionic membranes of 11 day-old embryonated eggs.
Eggs were incubated at approximately 39°C for three days and allantoic and amniotic fluids

harvested separately.

Vero cells (passage 132 to 152) were planted into 96-well plates at | x 10*t0 1 x
10° cells/ml, 200 ul/well in DMEM containing 5% fetal bovine serum and incubated for 3-4
days (until confluent) at 36 + 2°C, 3-5% CO, . VNHSNI virus in allantoic or ammionic fluids
was serially diluted 10" to 10°'° in DMEM containing 1.25 pg/ml type IX trypsin. Media
was removed from Vero cells, wells rinsed with 280 pl of phosphate buffered saline and then
200 ul of each dilution of virus was inoculated into 8 replicate wells. Plates were incubated
for 4 days at 36 £ 2°C, 3-5% CO;. Amniotic fluids resulted in virus that grew to higher titers
on Vero cells as evidenced by cytopathic effects up to the 10 dilution for the amnion source
virus compared to 107 dilution for the allantoic source virus (see Table 2). Virus from one
well at the highest dilution showing cytopathic effects was harvested and cloned by limiting
dilution a second time. Again, the amnionic fluid sourced virus showed cytopathic effects at

higher dilutions than seen for allantoic source virus (approximately 10 times more virus).
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TABLE 2
Limiting Dilution Passage 1

Allantoic Fluid Virus Amnionic Fluid Virus

Ldilution Cytopathic Effect (+ present) {dilution Cytopathic Effect (+ present)
10° |- |- - =-|-1-1]-]- 0% - - f-f-|-1-f=-1-
107 bl -0 ]-4-1-]- 10 |-t j-]e - ]+]-
w0 - - -f-]-]- e |- |-f-})-1-1-1+1+
W - - F ]+ w7 [+ +j+[+|+]+[+]+
R R Wt |+ i+ |+ |+ |+ ]+ |+ ]+
108 [+ |+ |+ | +j+[+]+]+ W |+ i+ j+l+|+{+]|+]|+
W j+ |+ |+ [+ [+ ]+ ]+ 10¢ |+ |+ |+ |+ |+ ]+ +]+
102 4+ [+ |+ [+ [+ [+]+]+ 10° |+ |+ ]+ |+ |+]+]|+]+
10 [+ |+ +|[+]+[+][+]+ 102 |+ |+ ++|+]+|+]+
1w |+ F |+ LA I I o I I ISR I I I

A/B|C|DIE|F|{G|H AIBIC|D|E|F|G|H
Virus from well H7 was harvested Virus from well G9 was harvested
Limiting Dilution Passage 2

Allantoic H7 clone Amnion G9 clone

Jdilution Cytopathic Effect (+ present) ddilution  Cytopathic Effect {(+ present)
e (- - |- ]-t-1-71-]- W e ju - f-1-1-]-
(N I I VO R R I I 10° [ - - = |~1]-1]-]-
o | f |- f-1-1-1-1- w0t - - - 1--1-1-1-
W |- f=|=t=-tf=1-1-1- 1w |- 4-1-1-1-1-1-
wé |- |« |-1-1-1-1- e |- -1 ]-1-1-1-1-
ws |« (- 1-1-1-1-1-1- 108 |- -1~ |-1-1-1-1-
0t |- |- |-{-1-{+]-]- w0 |+ |+ ]+ [+ +][+]{+]+
W |+ |+ |+|+]++]|+]+ 10° |+ |+ |+ |+ ]|+ | +1+]+
0?2 [+ [+ +[+[+]+]+]+ 107 | ++ |+ ]+ |+ |+ ]|+]|+
10 [+ |+ |+ F |+ 0" |+ + |+ |+ ]+ |+ |+]+

A/B{C|D|E|JF|G|H A{B|C|/D|E|F|GIH

Virus from well H3 was harvested Virus from well G4 w

as harvested
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Limiting Dilution Passage 3

Allantoic H7H3 clone Amnion G9G4 clone

ddilution Cytopathic Effect (+ present) ldilution Cytopathic Effect (+ present)

we - - 1-f-1-1-1-1- W - - f-1-1-1=-1t-1-
e |- - |-1-1-1-1-1]- 10° j- - 1J-|-1-1-1-7-
ws |- 1-|-f-|=-1-1-1- w0t - q(-1-1-1-1-1-1-
w? |-1-1-1-1-1-1-1- 107 J-1-1-1-1-1-1-1-
ws |- - -1t ]-]-1- 108 j- - f-1=-1-1-1-1-
ws - - -1-41-1-1-1- s - l-q-1-1-1-1-1-
w* |- [+ |+]-[|+]|+|[+]+ o J+l+H [ FF [+ [+
s |+ |+ |+]+|+]|+]+]|+ 10+ + [+ |+ +|+]+ ]|+
W |+ |+ |+{+|+|+[+]|+ 107 f+ i+ |+ |+ [+ |+ ]+]+
wt [+ |+ |+ +|+|+]+]|+ [V o I I T I I I I

A/B|C|D|[EJF|G|H A|BIC|D|E|F{G|H
Virus from wells B4 and ¥4 was harvested Virus from wells C5 & G5 was harvested

Influenza clones, in Table 2, were identified based upon a combination of the
column designation A-H and row 1-10 (dilution series 107 through 107, respectively). For
example the clone name B4 represents virus harvested from the well found at column B and

row 4 (10™ dilution).

Virus harvested from the third limiting dilution (~100 pl) were diluted in 5 ml of
DMEM containing 1.25 pg/ml type IX trypsin and inoculated onto confluent Vero cells
(passage 132-152) and incubated for 60 minutes at 36 + 2°C. After absorption, 45 ml of
DMEM containing 1.25 pg/ml type IX Trypsin was added and cultures were incubated for
four days at 36 £ 2°C. Harvested culture supernatants were tested for hemagglutinin and both
clones derived from amnion expanded virus resulted in four to eight times higher yields of
HA (see Table 3).

TABLE 3
Source virus Clone Designation Yield (HAU/ml)
Allantoic fluid | H7H3F4 320
H7H3B4 160
Amniotic fluid | G9G4CS5 1280
G9G4GS5 1280
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EXAMPLE 7: Production of a vaccine

The virus strain is a pandemic strain or seasonal strains designated by the WHO,
CDC, or other governmental organizations. For the purposes of validation of the human
vaccine manufacturing process, the influenza virus reassortant VNH5N1-PR8/CDC-RG
reference strain provided by CDC is used. Phosphate buffered saline is used as a diluent for
the vaccine preparation and ISCOM as the adjuvant. A lipid mixture of equal parts of
cholesterol and phosphatidyl choline is used to assist the hydrophilic/hydrophobic
complexing process in the ISCOM formation. The non-ionic detergent which is used to
disrupt the virus is removed by diafiltration. Formation of ISCOMS is verified by electron
microscopy. Binary ethylenimine (BEI) is used to inactivate the virus and then the BE] is

neutralized with sodium thiosulfate. The process is set out in more detail in steps 1-19 below.

The influenza strain is produced in Vero (African Green Monkey Kidney) cells,
inactivated with the aziridine compound binary ethyleneimine (BEI), concentrated, purified
and purified by filiration and gel chromatography. The virus is formulated with an adjuvant
with Quil A and a lipid mixture to make the drug product.

Stage 1A - Vero cells are revived from the Working Cell Bank (WCB). Passage
number is limited to 20 passages from Master Cell Bank (MCB). One ampule is thawed from
WCB in liguid nitrogen and seeded at 45 x 10 cells/cm? in Dulbecco’s Modified Minimum
Essential medium (DMEM) containing 20% v/v irradiated fetal bovine serum of New
Zealand or Australian origin, 4mM L-glutamine in (typically) a 25cm? Nunc flask. The flask
is incubated at 36°C plus or minus 2°C, the supernatant and unattached cells are removed

after about 1 hour, and the flask is refed with fresh media and incubated as before.

Stage 2A - Cell expansion is continued by harvesting of confluent monolayers using
a Trypsin/EDTA solution, and re-planting cells into more static flasks or roller bottles.

Further expansion may be performed in bioreactors by the use of microcarriers at 20-30 g/L.

Stage 3A - When the desired production volume of culture substrate is achieved in
either the bioreactor or in roller bottles, cells are washed twice with Dulbecco’s Modified
Minimum Essential medium (DMEM) to remove residual serum, that will inactivate trypsin

in the infection medium.
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Stage 1B - Working Virus Seed (WVS) is prepared separately and frozen in advance
of large-scale manufacturing, Master Seed Virus or Working Seed Virus (MSV+1) stored at
-70°C is thawed and diluted in virus infection medium containing Type IX porcine trypsin to
achieve the desired MOI. A predetermined volume is inoculated onto confluent Vero cell
monolayer in the roller bottles or bioreacto-r and incubated at 36°C plus or minus 2.0°C,
typically for 40-72 hours, when up to 100% cytopathetic effect (CPE) is identified. Virusis

harvested and frozen at -50°C or colder.

Stage 4 - Working seed virus (not higher than passage MSV+2) is thawed and
diluted in Virus Infection Medium containing 0.5-5.0 ug/mL of Type IX porcine trypsin to
achieve the desired multiplicity of infection. The use of trypsin in the medium will assist the

attachment and penetration of the virus into the cell.

Stage 4A-production of influenza virus using a bioreactor. A 5- liter bioreactor was
prepared with SoloHill Plastic Plus microcarriers at a density of 30 g/L. The bioreactor was
planted at 2 x 10° Vero cells/mL in Dulbecco's Modified Minimum Essential medium with
5% v/v irradiated fetal bovine serum of New Zealand or Australian origin, 4mM L-glutamine
and incubated at 36°C plus or minus 2°C. After the cell confluency reached 80-100%, the
microcarriers containing the Vero cells was settled and washed twice with 2 liters per wash of
serum-free DMEM. Infection medium containing 2.5 pg/mL of trypsin IX was added to the
bioreactor. Virus seed, for example VNH5NI, also was added to the bioreactor at a MOI of
0.0001-0.0003. The preparation of virus was continued for 5 days. The bioreactor was
sampled daily an for CPE observation and HA titration. The virus was harvested after 80-

100% CPE was reached.

Stage 5- Binary ethyleneimine (BEI) is added to the harvested virus to give a final
concentration of 1.5mM, and held at 36°C plus or minus 2°C for 1 hour (with agitation) at a

pH of 7.3 plus or minus 0.3.

Stage 6 - After stage 5 is complete, the harvest is transferred to a second vessel and
the inactivation process continued at 36°C + 2°C for 48 hours (with agitation), After this
time sodium thiosulfate is added to a final concentration of 3mM to neutralize any residual

BEI
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Stage 7 - The culture is clarified through 7 p and 1 p filters and stored at 2°C - 8°C

pending innocuity clearance. The innocuity test takes ten days to perform.

Stage 8 - Antigen is concentrated using a tangential flow ultra filtration system,
using a polysulfone membrane with a molecular weight cut off (MWCO) of 100 K. Up to

approximately a 50 fold concentrate is achieved.

Stage 9 -The resulting concentrated culture fluids are equilibrated in an appropriate

buffer and treated with DNase (Benzonase) to degrade cellular DNA.

Stage 10 - The concentrate is purified using size exclusion gel chromatography. The
gel currently used is a cross linked Sepharose (CL-2B, Pharmacia). The column is 80 cm in
length to achieve the required separation. CL-2B is a ‘soft” gel which depends on the wall of
the column for support. Typically the 90 cm length is achieved by 2 x 45 ecm or 3 x 30 cm
columns (e.g., 30-32 cm in height by 30 cm in diameter) in series. The concentrated virus is

applied at approximately 5-7% of the column volume.

Stage 11 - Virus peak material is reconcentrated using a bench scale tangential flow

ultra filtration system with a 100 K MWCO polysulfone membrane.

Stage 12 - The re-concentrated virus peak material is solubilised by adding 5 ml. of
a 10% (w/v) detergent (Nonanoyl-N-Methylglucamide) Mega 9 solution to 200 mls. of an
antigen solution. The solution is mixed slowly with a magnetic stirring bar for 1 hour at 20 -

25°C 1n a glass container.

Stage 13 - A lipid mixture is added at 50 pl per 20 mLs of re-concentrated virus
peak. The lipid mixture contains 10 mg/mL each of egg derived phosphatidylcholine and
cholesterol. Stirring is continued at 20-25°C to ensure even distribution of the lipids in the
re-concentrated virus. Quil A (from 10% w/v stock solution) is added to give a final

concentration of 0.05%. The solution is stirred for approximately 30 minutes at 20-25°C.

Stage 14 - The Mega 9 detergent is removed from this mixture (to allow ISCOM
formation) by diafiltration with 50 mM ammonium acetate. This is performed using the
bench scale tangential flow ultrafiltration system with a 100 K MWCO polysulfone
membrane. The volume of ammonium acetate used is a minimum of about 10X the volume of

re-concentrated virus peak mixture. Diafiltration is effected by maintaining a constant volume
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throughout, by balancing feed and permeate flow. Detergent interferes with the formation of

ISCOM. Electron microscopy verifies that the typical cage-like structures have been formed.
Stage 15 - The ISCOM is re-concentrated as the final step of diafiltration.

Stage 16 - After satisfactory QC release, batches of ISCOMs are formulated to
make the vaccine at 1 to 20 pg human influenza HA per 1mL dose. Phosphate buffered
saline (PBS) is used as the diluent.

Stage 17 - The blended vaccine is filled into single dose final containers under Class
A conditions. Samples are taken for sterility, safety in lab animal species, extractable
volume and visual appearance. Vaccine is labeled and packed and held in quarantine at 2° to
7°C.

Stage 18 - After final QA clearance, product is released to finished goods’ cold store
(2° to 7°C) pending dispatch.

EXAMPLE 8: Efficacy of Vero Cell Derived Vaccine in Ferrets

The ability of Vero derived influenza vaccine to seroconvert ferrets was evaluated.
A trivalent human influenza vaccine based on the 2006-2007 seasonal influenza strains
(A/NC/20/99, A/Wis/67/05 both PR8 reassortments and B/Malaysia, all obtained from the
CDC) was produced in Vero cells after limit dilution cloning. The resultant vaccine,
"SPflu0607," with or without ISCOM adjuvant, was injected into the left hind leg of 4-6
month old female ferrets. As control comparisons, commercially available human influenza
vaccines Fluzone® (manufactured by Sanofi-Pasteur) and Fluvirin® (manufactured by
Chiron) were tested along side SPflu0607. Single Radial Immune Diffusion (SRID) was used
to measure the quantity of Hemagglutinin (HA) protein in the vaccine. Seroconversion of the
ferrets was measured by hemagglutinin inhibition (HI). HI titers of greater or equal to 1:40

are considered positive. See Table 3
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Darby Canine Kidney (MDCK) cells in 10 mL of DMEM tissue culture media containing 1.3
ug/mL type IX Trypsin and incubated for 2 days at 36 + 2°C. The flask was harvested by
decanting the media and the virus was identified as H3N8 by the National Veterinary
Services laboratory using standard anti-sera. The MDCK passaged virus contained 160
hemagglutinin units per ml. The virus was cloned by inoculating 10-fold serial dilutions onto

confluent MDCK cells in 96-well plates and harvesting a single well at the highest dilution
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A 16Iv151'us was propagated in a bioreactor. A 5L bioreactor was seeded with MDBK celis at 3.0 x
10° cells/mL attached to Cytodex III microcarriers at 5 grams per liter. Cells were grown for
4 days in DMEM containing 5% fetal bovine serum with no antibiotics at 36 + 2°C. After
settling the microcarriers, 90% of the media was removed and replaced with serum free
DMEM. Type IX trypsin was added to a concentration of 10ug/mL in the final 5,000 mL.
The cells were infected with virus at an MOI of 0.01. The virus was incubated with the

MDBK cells on microcarriers for 2 days at 36 + 2°C and then the supernatant was harvested.

The resulting virus vielded 10,240 HAU/ml.

EXAMPLE 10: Limiting Dilution Cloning of Clinical Isolate Without Passaging in Eggs
Creates a Uniform Population and Improves TCID50/mL and HA titer

Canine Influenza Virus H3N8 (wild type) was received from a diagnostic laboratory
and isolated from a nasal swab. Upon receipt the nasal swab was processed and used to
inoculate a 25 cm” flask containing a confluent monolayer of MDCK cells. Infection media
was comprised of: DMEM, 4 mM L-glutamine/m}, 1.3 ug/rni Type IX, and gentamicin. The
flask was incubated at 36 + 2°C with 3-5% CO; and harvested at onset of CPE. An HA assay
was preformed on the harvest fluids with a result of 160 HAU/mI and a TCIDse/m] titer of
7.94.

MDCK cells were planted into 96-well plates at 1 x 10* to 1 x 10° cells/ml, 200
pl/well in DMEM containing 5% fetal bovine serum and incubated for 3-4 days (until
confluent) at 36 + 2°C, 3-5% CQ,. CIV H3NB8 virus was diluted as specified in the section:
Limiting Dilution Round 1. Dilutions were performed in DMEM containing 1.3 pg/ml type
[X trypsin, 4 mM L-glutamine, and gentamicin. Media was removed from MDCK cells,
wells rinsed with 280 ul of phosphate buffered saline and then 200 ul of each dilution of
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virus was inoculated into 8 replicate wells. Plates were incubated for 4 days at 36 + 2°C, 3~

5% CQO,. Two rounds of limiting dilution cloning were preformed, limiting dilution round 2

immediately following limiting dilution round 1. The process yielded a virus isolate that

produced both higher TCIDso/ml and hemagglutination titers. Virus from a well at the higher

difutions demonstrating the lowest extent of cytopathic effect was harvested and cloned by

limiting dilution a second time.

Limiting Dilution Round 1

Pass 1 material was titrated with a result of 7.5 TCIDs¢/ml. Using this value the virus was

diluted to yield 5 samples.
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Well A11 was harvested in preparation for round 2 of limiting dilution cloning.

Limiting Dilution Round 2
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Virus from well A5 was harvested
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Virus harvested from the second round of limiting dilution cloning (~200 pl) was
used to inoculate a 75 cm? flask containing a confluent monolayer of MDCK cells and
DMEM supplemented with; 1.3 pug/ml type IX trypsin, 4 mM L-glutamine/ml, and 25 pg/ml
gentamicin. Harvested culture supernatants were titrated to determine the TCIDsp/ml and

hemagglutination titer (see Table 4).

TABLE 4
Virus Passage TCIDs/mi HAU/ml
Pass 1 from field isolate 7.94 160 HAU/mi
Pass 4, Pre-master seed 7.69 640 HAU/mL

In laboratory experiments performed for immunogenicity trials the virus was grown on

MDBK cells in a 5L bioreactor with a resulting hemagglutination titer of 10,240 HAU/ml.

EXAMPLE 11: Efficacy of an Inactivated Canine Influenza Vaccine in Dogs

Canine influenza virus (CIV) serotype H3IN8 causes severe respiratory disease in
dogs. However, there is no effective vaccine against CIV currently available. The objective
of this study is to evaluate the efficacy of an inactivated CIV vaccine, prepared by limiting
dilution and propagation of CIV in tissue culture cells in preventing clinical disease and lung
lesions induced by a virulent CIV challenge. The vaccine consists of binary ethyleneimine
(BED-inactivated CIV antigen adjuvanted with Emunade® adjuvant with an antigen input
level of 500 hemagglutination units (HAU) per dose. A group of eight 7-week- old CIV
seronegative dogs was vaccinated intramuscularly with the vaccine and booster dose was
administered 21 days after the primary vaccine. Two weeks following booster vaccination,
the vaccinated dogs exhibited significantly higher levels of HA inhibiting antibody titer
compared to their non-vaccinated counterparts demonstrating stimulation of immune
response by the vaccine in dogs. The non-vaccinated control and the vaccinated dogs were
challenged with a heterologous virulent CIV isolate 16 days post-booster vaccination, and
monitored daily for 10 days post-challenge for clinical signs, rectal temperature and nasal
CIV shedding. All control dogs (100%) developed clinical signs including ocular and nasal
discharge, sneezing and coughing indicating virulence of challenge virus. The vaccinated

group exhibited significantly lower clinical signs (median score=4.3) compared to control



WO 2008/076371 PCT/US2007/625636

48

group (median score=6.8; p=0.0051). Only one of the dogs in the vaccinated group (12.5%)
showed nasal CIV shedding and it only was for one day, whereas, all the dogs in the control
group (100%) had significantly higher virus shedding compared to the vaccinates (p=0.0003).
The virus shedding lasted for 7 days following challenge in the control group. All dogs were
euthanized 10 days after challenge, and necropsy was performed for evaluation of lung
lesions. All dogs in the control group {100%) showed varying degrees of lung consolidation,
whereas, only one in the vaccinated group (12.5%) exhibited a mild lung consolidation. The
lung scores were significantly higher in control dogs (median score=4.9) when compared to
vaccinated dogs (median score=0; p=0.0005). These results unequivocally demonstrate that
the vaccine formulation tested in this study protects dogs against CIV infection by
significantly decreasing clinical signs, reducing virus shedding, and preventing CIV-induced

lung consolidation.

Study Overview

The objective of the study was to test the efficacy of Emunade®-adjuvated CIV

vaccine formulation to protect against CIV challenge in dogs.

Dogs were initially acclimatized for eight days. For the test group, the first
vaccination occurred on day 0 and a booster was given on day 21. The control group was not
vaccinated. Challenge with CIV was presented to both groups on day 37. The dogs were
monitored and observed throughout the study, as described below. The dogs were euthanized

10 days after challenge and a necropsy was performed.

Test animals

Test animals were an average of 48.25 days old on day 0. There were 8 dogs in the
control group and 8 dogs in the test group. Average weight was 1.8 kg. The dogs used in the
study did not have a history of respiratory infection or CIV vaccination. To confirm that the
dogs were negative for CIV antibodies (HA titer <10), blood samples were collected on day -
1, and tested by a hemagglutination inhibition assay. Nasal swabs were also taken on day -1

to ensure that the dogs were free of CIV at the time of vaccination,

Pre-vaccination monitoring

Blood samples were collected from all dogs in evacuated serum separation tubes on

the day before administration of the first vaccine in order to confirm that the dogs were
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negative for CIV antibodies. Nasal swabs were taken on the same day to confirm that the

dogs were free of CIV.

The general health of the dogs was assessed by physical examination of the dogs
two days prior to first vaccination. Clinical assessments and rectal temperature were
performed from two days before the initial vaccination and booster vaccination through the

day of vaccination.

Vaccination

Canine influenza virus vaccine CIV H3N8-Emunade® was used in this study.
Canine Influenza Virus (H3N8) was initially isolated from a dog with severe respiratory
disease. Madin-Darby Bovine Kidney (MDBK)-KC cells at MCS+19 passage level, i.e.,
following 19 passages of the Master Cell Stock, were used to propagate the CIV H3N8. The
virus then was inactivated with 6 mM BEI for 60 hours at 36° C. The BEI was neutralized
with 60mM Sodium thiosulfate.

The vaccine for this study was prepared in an 800mL stock for aliquoting into 800

one mL doses. The 800 mL solution was prepared as shown in Table 5.

Table 5
Component Volume Used
Aqueous Phase:
Inactivated CIV
(2560 HAU/mL) 156 mL
Saline 342 mL
A]pmmum hydroxide (2.1% Aluminum 77 mL
oxide)
Ethyl Alcohol 16 mL
Glycerin 40 mL
HEPES 1M 8 mL
1% Red Dye Solution 0.8 mL
0Oil Phase:
Mineral Qil 107 mL
Tween 80 34.5 mL
Span 80 18.4 mL
Preservative:
Gentamicin 0.373 mL
Total Volume 800.0 mL
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The inactivated CIV H3N8 virus was diluted in normal saline and then adjuvanted
with aluminum hydroxide. The remaining components in aqueous phase were added to the
adjuvanted antigen. The oil phase was prepared separately and then added to the aqueous
phase over a period of 10 minutes with continuous mixing for one hour. The serial was

homogenized using Silverson homogenizer for 30 minutes.

The CIV vaccine vials that were stored at 2-7°C were equilibrated to room
temperature for a minimum of 30 minutes. The vaccine was loaded into 3 mL syringes (1 mL
per syringe) and used for immunization. The first dose of vaccine was administered
intramuscularly into right hind leg on day 0 and the second dose was administered

intramuscularly into left hind leg on day 21.

Post vaccination procedures

Complete clinical assessments including rectal temperatures and injection site
observation were performed on all dogs within 3 — 6 hours after each vaccination to measure
any immediate reactions. The clinical assessments were continued daily for 7 days following
each vaccination and scored according to the Clinical Assessment Guide below. Dogs were
bled on study days 20 and 36, and the serum samples were used to measure CIV antibodies

by hemagglutination inhibition.

Pre challenge procedures

Clinical assessments were performed and rectal temperatures were recorded for all
dogs for two days prior to challenge (days 35 and 36) and on the day of challenge (day 37)
before challenge administration. The clinical signs were scored according to the Clinical

Assessment Guide,

Challenge
Challenge material: The CIV14-06A virus isolated from MDCK cells and used to

challenge vaccinated dogs, was originally isolated from field sample collected from dog
suffering with canine respiratory disease. The average titer of the challenge virus was 7.7
Log;oTCIDsp/mL. On the day of challenge, the challenge material was diluted to 1:4 in
sterile, cold Dulbecco’s Minimum Essential Medium (DMEM) to target a challenge dose of
7.4 LogigTCIDsp per dog. '
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aerosol for a total of 40 minutes.

Post-challenge monitoring
Rectal temperature was recorded and clinical assessments were performed for each

dog daily for 10 days post-challenge. Nasal swabs were collected daily from each dog for 10
days post-challenge. Nasal swabs were processed and titrated daily after each collection as
described herein. Blood samples were collected in evacuated serum separation tubes on day

10 post-challenge just before euthanasia.

Necropsy

All challenged dogs were euthanized on day 10 post-challenge (Day 47) using an
AVMA approved method (Ketamine cocktails and Beuthanasia-D), and necropsy was
performed. Immediately following euthanasia, the lungs were evaluated. Areas of visible
consolidation were assessed and scored as a percent consolidation of each lung lobe. The
percentages were converted to weighted scores, and total score for each dog was calculated.
During necropsy, the lung tissue was collected for virus isolation and titration, and for

histopathology.

Virus titration

Hemagglutination (HA) assay was performed for virus titer. The virus was serially
two-fold diluted in a V-bottomed microtiter plate and an equal volume of 0.5 % turkey red
blood cell {RBC) suspension was added to the virus suspension. The plates were incubated at
room temperature for 30 min and HA results read. The highest dilution of the virus showing
HA activity was considered as 1 HA unit. All assays were performed in duplicate and the

endpoint HA titer was measured

To confirm the potency of challenge material and to measure virus shedding in
challenge-administered dogs, the virus titer in challenge material, nasal swab and lung tissue
was determined by titration in MDCK cells. MDCK cells were seeded in 96-well tissue
culture plates for two days, and were inoculated with ten-fold serially diluted virus

suspension or samples prepared from lung tissue and nasal swabs. The plates were incubated
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(median score=6.8) compared to vaccinated dogs (median score=4.3). These data suggest

that the CIV vaccine protects dogs against CIV-induced clinical signs.

Results: Nasal virus shedding

Nasal virus shedding was monitored in all dogs by collecting and processing nasal
swabs on the day before challenge (day-1), and then, daily from day 1 through day 10 post-
challenge. The virus titers (Log o TCIDso/mL) of the nasal swabs were determined and
plotted against time. Area under the curve was compared between control and vaccinated
groups using Wilcoxon Exact Rank Sum tests. The average virus titer for each group,

expressed as Log ¢TCIDsp/mL, was plotted against days post-challenge (Figure 2).

The control group started shedding virus in nasal secretions from day 1 post-
challenge. The virus shedding reached its peak on day 5 post-challenge (1.25
LogioTCIDso/mL) followed by a precipitous drop on day 7 (Figure 2). All dogs in control
group (100%) were positive for virus shedding at one or more time points during 10-day
post-challenge observation. On the other hand, only one dog (12.5%) in vaccinated group
(ID No CXTAMM) shed virus in nasal secretions only for one day (day 3). Non-vaccinated
control dogs exhibited significantly higher nasal virus shedding compared to vaccinated dogs
(p=0.0003). These results clearly indicate that the CIV vaccine significantly inhibits nasal

virus shedding by vaccinated dogs.

Results: Serological response
Geometric mean antibody titers (GMT) from HAI assays were calculated following

primary and booster vaccinations. The fold increase in titers between immunizations was
reported. The antibody titers were compared between control and vaccinated groups using
Wilcoxon Exact Rank Sum tests. All 16 dogs enrolled in the study were healthy and
seronegative (i.e., negative for CIV antibodies) (HAI titer of <10) at the time of primary
vaccination. Nasal swabs collected on the day before vaccination {Day -1) confirmed that the
dogs were free of nasal CIV shedding. Control dogs remained seronegative at the time of

challenge.

The HAI antibody titers were tabulated and compared between control and
vaccinated groups. All vaccinated dogs generated measurable levels of antibody titers

following first vaccination. The HAI antibody titers ranged between 10 and 40 with a GMT
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All dogs in control group (100%) exhibited varying degree of lung consolidation
whereas only one dog in vaccinated gfoup showed a mild lung consolidation (12.5%). Lung
lesions in non-vaccinated control dogs were characterized by hemorrhages and reddish
consolidation and hepatization. The lung scores in control group ranged between 0.10 and
14.70 with median lung score of 4.9. The lung scores in control group were significantly
higher than that in vaccinated group (p=0.0005; mitigating fraction estimate is 93.5%). The
lung scores unequivocally demonstrate that the CIV vaccine formulation used in this study

protects dogs against CIV-induced lung consolidation.
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i n cont r 3 Mpeervadet dise @ﬁ@@ﬁs“@k@@@s@ﬂtﬂﬁ%ﬁgez@&“ hn day 10
post-chal | enge, and necropsy was performed. Lung |esions were

eval uat edcutrd Dissbangd as percent consolidation of each lung | obe. The
per cent dondbsintialmahambursat triedergstedivetesalondit emer aftheeye spwy cousglered
convert edniontlar disihgigeed scores based on the lung scoring systemfor
dogs (si i aBetoas SHattnege: Gldanfaizalischangs ninmig: @xtddd ofghsgyst em i n

Di seases 16f Mubepunileiiteli{chf@s)mid to oderateClotdy, flyid nBi&H WD nucdizdhamuns at
| ung sconest KfwayadeenTRine theape tchaiioath. gr oups were conpared usi ng

W | coxon 2EXRRicofRaalént Jidthi @6 | sSv@ i 1hiddr $desh MnyRdIHRY d¥eMmehé RRQIOE Eith the

M ti gat edyé hifddaR thedir dBner &fowaesinReotht bgd. ency relative to
control s and t he 95% confidence interval for the estimte was al so

reported.c dogs in control group (100% exhibited varying
degree of Jflg“n onsol i dati on whereas only one dog in vaccinated group
dJ

showed a ok dalo qglotg Zed?d - Lung lesions in
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r eddi sh S res in tontrol
group ra Sd;dg V re HgB 13(5‘0%%%1“1&]2]370 hoﬂ%"ﬁorr%‘:hlrg ung "score of 4.9.

The | ung _scor.es | n control group were significantly higher than that

i n vacci Q_f’ roup (p=0.0005; mtigating fraction estimate is
93.5% . e scores unequi vocally denonstrate that the CIV

vacci ne %ot M#Fe¥i on used in this study protects dogs agai nst

Cl V-i nduced | ung consolidation. 55 In addition to scoring

| esi on dd¥sAREanecr ops l ung tissues were also collected aseptically
for virud s Abseat (Nnmg ﬁ@reathmigbr mal i n for histopathol ogy. There was no

det ect abl2e= Dresent (Panting) ti ssue sanpl es from both vacci nated and
control dogs, which correlated with the absence of nasal virus

sheddi ng.Dephissiomas expected since influenza viruses cause acute

i nf ect i ord=vhlshntp@aknaliactigityyheddi ng and clinical signs within the
first sevenPgess. Dbpes essracdvaarplatfeiacatdpaedipl mirmbly Fageard raagdéd iSsue
by 10 daya&h@gRtorilyihgabw®and rfEheeat foasdadtvehiRicdsdriatbgves renductddt h t he
results of the previous study. Hi stopathol ogi cal exam nation reveal ed

varying degr ee%ﬁlﬂfougih %@@E&Q%Wcﬁ%n R VRELFesSMSLALS HitH® f¥fpurposes of clanty
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response even in the presence o I'C I nmunit
Fur t her noneypdarited bevederenae intheim srticqudmll(pgqmsctsun thel semﬁ@mnﬁ as ifeash vesire

and VaCC'SQ%E(F duﬁgsdeﬁ&‘ééd not be conpared since the tissues were not

From the foregoing it will be apparent that the invention provides for a number of

uses. For example, the invention provides for the use of any of newly identified pathogenic



2= Mucopurul ent di scharge, severe: Micous run past the nouth. Ccul ar
Di scharge 0 = Absent: Small anount of dried crusted material in the
corner of the eye is not considered an ocul ar discharge. 0.5 = Serous
di schar ge:W&LWEP7B1ui d di scharge runni ng outsi de of thBCEYE200%025636
Mucopurul ent discharge, mld to noderate. Cloudy fluid mxed with
nmucous that runs at |east hal fway down5Tromthe eye to the nouth. 2 =
Mucopurul ent di scharge, severe: Fluid or nucous runs hal fway down the
nose or rimthe eye and soak the hair at inner or outer conmer of the
eye. Cougtflnza VIRE8R4inDfo? prepMatitn oBdINcuRIR-ddapRl isoligAnt/Sr R SeEHRE as
1.0 = Moderate: Cough is persistent, occurring repeatedly in the
obser vat "6H ap knowsipathogenic sgaipgr £he myerjien; Péo‘aé‘?,s(fﬁb&’ﬁ MERIOTFARY R R identified
ret chi ng L = = = Sht
(Nor mal e o S o e e B e R
acti vi t yprgvides fyrébepreparBioon ¢fghe Bssye-gultire adaptedsitraing inte vaesimsahedng af least

nor mal . s _are recorded if. l.ethanglc. of lyi rel n o]
Stand hi e RerYREE SR T i s haifd By AR cBRte; RSB b0
i nvent i omnfheszdgermaeaidald) et dtherdpest khat trcrepsy the feswund respaase toythefirus.
understanding, it will be obvious thai . certain dification may be
pract i ceggﬁnvg%?“ﬁs Pﬂbb%%%gée‘gfe %%C&B?B H’&E’Gmcal (Hiaﬁgr. CORfACt- hubl i cat i ons
and patent docunents cited herein are hereby incorporated by
reference in their entirety for all purposes to the sane extent as if
each were so individually denoted. Fromthe foregoing it wll
be apparent that the invention provides for a nunber of uses. For
exanpl e, the invention provides for the use of any of newy
identified pathogenic 57 influenza virus strains for preparation of
cell culture-adapted isolates and/or for vaccines as well as known
pat hogeni c strains. The invention provides for the use of any newy
identified cell culture cells that are or can be nade perm ssible to
i nfluenza growt h. The invention provides for the preparation of the
tissue-culture adapted strains into vacci nes having at |east
attenuat ed, subunit, split or killed virus, but also having

adj uvants, carriers, excipients, anti-influenza pharnmaceuticals, and
ot her agents that increase the inmmune response to the virus. The
vacci nes can be used before contact with influenza or after contact.



VWHAT IS CLAI MED | S: 1. A nethod of selecting a human influenza
virus for growth on tissue culture cells by limting dilution
cloning, the nmethod conprising: aserially diluting a quantity of
human i nfluenza virus to obtain a serigﬁgof dilutions with decreasing
concentrations of human influenza virus;” contacting the human

i nfluenza virus of each of the series of .dilutions with tissue

cultured cells; grow ng the human influenza virus
that were contacted in step b for a time sufficient to produce
cytopathic effects (CPE); harvesting a human

i nfluenza virus grown in step ¢ fromtissue cultured cells that were
contacted with human influenza virus fromthe highest dilution within

t he seri es VAHAXIS GILAIMER RSt causes CPE; and

repeati ng steps ] e i IL.Ius
har vest ed ?'n St%%aﬂ{%ﬁ%g@%ﬁgg‘ﬁnéﬁ%dﬂg?&% %?[ur%qér %? %%grtﬂ%%#p%ﬁgfér{\%
admi xi ng t heligiimgdileyjongflotingrthe netiddeemprsing:r us with an effective
anount of trypsin before ti ng: . i T . hod of
claim2, wherein thgll tryf)ésrpﬁy ?fsmtn%%edu%%tﬂ)g/%gsn%ﬁ .“B]uil?zg'f{h%p{r%feot%ﬁ%nda of
claim 2, wkeicepidiluliensouitit dectersing ohcstretions of Burgarinihedzaovitusat an MO of
| ess than about 0. OJO' SCOHI&%nn%e%ggar?fnﬂcénazg r\}?rl’ f\AQc%rogithn trr']ees | ssue
culture cells are mammal I"an en%ryonlc klaney s PR t hod of
clai m5, wiigntehnwithassnaoatakddarllenbr yoni ¢ ki dney cells are human
enbryoni c kidney cells. Sc\ 1%. The.nﬁfhod.oftckain1lh wh rehnbthe
human influenza virds i s33n T&ff Qumgniiueng vigs that Yere goftacted infiep

met hod of @raitifeénffiaskear ©ipfodubecylbepaeic dffebds (@PR)A A virus is an H5NI
strain. 9. The nethod OE claim1, wherein human influenza virus is
initially grown in &nmbryBH¥iEae géﬁgantxa HERY TS BV YA S15P CEP D55 man

i nfluenza wiitubs.celisliBat wtecdiicttaahidfhublad infludnza Whey Ro thi@iRstidifididenza

virus is initially.gr on an ammi otj.c nmbrane to obtain the
quantity oPithi e Ferifh o QUIARS G ses CPES and.
e repeating steps a through d with a quantity of human influenza

virus harvested in step d.

2, The method of claim 1 further comprising admixing the quantity of human

influenza virus with an effective amount of trypsin before the contacting of step b.
3. The method of claim 2, wherein the trypsin is type IX trypsin.

4, The method of claim 2, wherein the contacting of step b is carried out at an MOI
of less than about 0.01.

5. The method of claim 1, wherein the tissue culture cells are mammalian embryonic
kidney cells.
6. The method of claim 5, wherein the mammalian embryonic kidney cells are

human embryonic kidney cells.



11. A nmethod for the production of a human influenza virus vaccine
conprising purifying the harvested virus of claiml1. 12. The method
of claim1l, wherein the step of purifying is carried out using size
excl usi on chronmat ography. 13. The neth of claim 11, further
conprising treating the virus with an amount of binary ethyl enei m ne
(BEl') effective to inactivate the virus. 14. The nethod of claim5,
wherein the mammal i an enbryoni ¢ kidney cells are Mdi n-Dar by bone

ki dney (MDBK) cells. 15. A method of selecting a human influenza
virus for growh on tissue culture cells by limting dilution

cl oning, the nethod co ising: aserjally diluting a quantity of
hunan i nfl JenzaTQ‘? ‘F’?fg"f{%r%‘ﬁ‘éi’ Whereigdhg lpwiaginfiyenzarigs is apiinfiyepfd A Sasi ng
concentr at ippgSif@d. human i nfl uenza virus; admi xi ng
the quantity of human influenza virus with an effective anmount of
type I X trypsin; 60 - contacting the human influenza
virus of egch ofhd Ranses RSmat wikbitiheenaid e AR R 30 LIRY QAL

ki dney cel |s; grow ng the human influenza virus
that were contacted |n st?p c for a tinme sufficjient to produce

cyt opat hi ¢ “ef f eyﬁesm*(t&dé)ﬁ" aim 1, wherein human influenga pipasdis inyeplly srayvren

i nfluenza gnbtSndéds tobbiifihe Quinig o mBIER iflReh-8 ¥Ry oni ¢ Kidney cells
that were contacted with the human influenza virus fromthe highest
dilution within the series of dilutions that causes CPE;

serially dijputi g @eHdBEHddid 10ndBa nhMERRLSHA vﬁﬁy@snmilzgrmro\ﬁ%ﬁt ed

in step e to obtain a series of dilutions wth decreasi

concent r at PORStip Membrsa toj abfain b Auangins efhuman influenza virus, admi xi ng
the quantity of human influenza virus harvested in step e with an
effective anmount of type I X trypsin; contacting the

human i nf | &bnzaAmqfhﬁ_f@fth@H@ﬁu%ibnpﬁ:ehmniieﬁueoza \diuk viadoin sompriising
manmal i an Eﬂﬂgbﬁgt hale 08 VirG&rk Bim grow ng the human
i r0s

i nfluenza at were contactegj' in step h for a tinme sufficient
to produce cytopathic effects (CPE); and har vesti ng

a human infl)ue I Q in step i frompamalian enbryonic
i dney cel 15"t ne et S Ihiif e s b AR Bl 2% FRIHERB « ne
hi ghest di kxdiusmn chiotaitagraphe series of dilutions of step f that causes
CPE. 16. The nethod of claim 15, wherein the manmal i an enbryonic
ki dney cells are human enbryoni c kidney cells. 17. The nethod of

claim 15, wher el rhdleodrofetim il hf futiesn 2emptisingIreatngthe HpN it dhainidunt of

binary ethyleneimine (BEI) effective to inactivate the virus.

14, The method of claim 5, wherein the mammalian embryonic kidney cells are
Madin-Darby bone kidney (MDBK) cells.

15. A method of selecting a human influenza virus for growth on tissue culture cells
by limiting dilution cloning, the method comprising:

a serially diluting a quantity of human influenza virus to obtain a
series of dilutions with decreasing concentrations of human influenza virus;

b admixing the quantity of human influenza virus with an effective

amount of type IX trypsin;
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c contacting the human influenza virus of each of the series of
dilutions with mammalian embryonic kidney cells; )

d growing the human influenza virus that were contacted in step c
for a time sufficient to produce cytopathic effects (CPE);

e harvesting a human influenza virus grown in step d from
mammalian embryonic kidney cells that were contacted with the human influenza virus
from the highest dilution within the series of dilutions that causes CPE;

f serially diluting a quantity of the human influenza virus harvested
in step e to obtain a series of dilutions with decreasing concentrations of human influenza
virus;

g admixing the quantity of human influenza virus harvested in step e
with an effective amount of type IX trypsin;

h contacting the human influenza virus of each of the series of
dilutions with mammalian embryenic kidney cells;

i growing the human influenza virus that were contacted in step h
for a time sufficient to produce cytopathic effects (CPE); and

j harvesting a human influenza virus grown in step i from
mammalian embryonic kidney cells that were contacted with human influenza virus from

the highest dilution within the series of dilutions of step f that causes CPE.

16, The method of claim 15, wherein the mammalian embryonic kidney cells are

human embryonic kidney cells.

17.  The method of claim 15, wherein the human influenza virus is an H5N1 strain.



