; 89: ; <=e3e4~o0lbbc| f Fgn6* oT~o! GNovel Vacci ne Conposition ~4 Septenber 2004
10 Th| s invention relates to novel influenza virus antigen preparations,
nmet hods for preparing themand their use in prophylaxis or therapy. In
particular the invention relates to inactivated influenza vacci nes which
are disrupted rather than whole virus vacci nes and whi qQ @%n’?ﬁe@%ﬁ in the
absence of organomercurial preseovel Vaeme OdmpRitRn, the vaccines contain
haemaggl uti nin which is stable according to standard tests. The vacci nes
can be adm nistered by any route suitable for such vaccines, such as
i nt ranuscul ar iTyis isieRGH RRGR UShik inmle'&ﬁgWrﬂ@ﬂnlngerpﬁreﬁﬂt'ﬁﬁﬁgllﬁéfh&s Yor
intranasal ly. Influenza virus is one of the nbst u bi qui tous viruses present
in the world, PeeprEgitheny abibpir hsgrinnsopayiexis pvibsmpy kin p'ihleubcthnmnemmmpact
of i nfl uenza i I | oped virus
with a par ?I c éa?%s?ggagt?@a?%l mtﬂe%%{?;ckl“gm%gh%r U p%c a(ih{: ?@fgrﬁsasi cally
of an i nter navacared @dospeh ae smblemmeabsencekm'rmtghhema‘:WI ﬂre@&bﬁ)ve@SSOCi at ed

wi th nucl eoprpfein urrou Vi r envelope with a |ipid bilayer
structure and&té’f('?c’e‘? FVQTW?)B?rBi"éPﬁ?nag?ﬁ‘en’i"r’rﬁe?h B ke aﬁforq‘ﬁ%g\ﬁtqﬂéﬁr denvel ope

i s conmposed pieglOThawaREhys @Qh b@Edrﬁini%td?éﬁﬁnP%tﬁ@amtabﬁ UL vicBEY, sigsSt |y of
host-derived lipid material. The surface g opr ot ei ns neuram ni dase ( NA)
and haenagg| uﬁ'ﬁ‘i“ﬂ"‘?@“Ie’IfX,AybCa'ﬁ-p%ﬂS‘Ya@"Bfiﬁlme'g’ orjr@ycpgnlly 2.gnintthnasglly. at  t he
surface of,the particles. It is these surface proteins) particularly the
haemaggl utinin, that determine the antigenic specificity of the influenza
subt ypes. Curin@n¢nizy vawsas baddiehd mbituwbdignaowsadmsesgsesantdn tetield, affathg vat ed or

live attenuatge 5 ian nza v |ne | nacti va flu vaccines are conposed
of 'thr e posstilh R e BrEEBrY Bl tBrapitrabie A P heret i akr ol e vi r o,

sub-virions where purified virus particles are disrupted with detergents or
other reagents to solubilise the |lipid envel ope (socalled "split" vaccine)
or purified HAcdpieRge Yisgpim RNOzosloref. "lfFﬁé@g ajpagicteisizgtod abapa £25 msn are
given int {San%ﬁﬂétar lItyCO('l]klslg\)QSlcgrl b4 1‘?}%@1&%%]40&5} CQ r,c eorf?lb!}nucpf:lc ac1

commerci ally avai |l abl Ive att nuate vaccl ne il lI"'uenza vaccines) of all
kinds, are udBalA)ypssorinied vemtnuvlaombies suridvededdorevial tnvelpatvitha lipht | gens

derlvedfromt influenza A vi,r Us st ando strain.

14 Sept enber bé]\égeﬂsmf%uraé*?&’ﬁcrga'rﬁY°°W°£ebris iP%“ﬁ'S%é‘yfirlﬁ’?%é’frg]i‘é’%ggpec'ént ai ns I
S lrg of haen‘.ﬂg@buﬁpmdﬁnﬁmhllg@fnnﬂﬂﬁpwﬁﬁﬁmﬁrtﬁHQ1ﬁékQ5ye5h16§H f es-deBagyr ed by
single radia (SItD) (J.M Wod et al n inproved si ngle

I cpm.lnodl ffusion
radi al i mund@i i’}g‘i"ﬂnTP%E‘}‘YF‘?F‘?]&%‘C?P&?‘G‘PFIEC%B‘&W&%Hm@w@@mwmggI utinin
anti gen: dapHal bspeal 4 me; eo&y;zﬂe&,% mt.ee? ed 99@9#{ e virus
and subuni t Sact():lﬁie%s JS? : tanddEI Sa %7 M%t qﬁ}fw&god et al.,
| nt er nat i onalsudese ma&@n%mwreulsrﬂndvy h@ﬂfm%hlghm, ﬂatjdfadnnmr:fthmmbgmnand
i mmunoel ectr for the assay of haemaggl utinin antigen of
i nfl uenza vi ?g&%@@ Et ﬁgﬁ% c?i'gt (1981) 317- 330). to The influenza virus
strains to be incorporated into influenza vaccine each season are
determ ned by, the Vbrljaa%glth Organi sation.in col]| aboration wth national

heal th aut horFEY ayA P2 UF&E‘FGP]%‘?%““‘FW?‘%%YII“’FﬁF‘F‘l&'éﬁéa epi deni cs
cause i N@keasffuchA valGhdl ansevALd RO OLITRRE AeABSpbRURE r%)?ﬁkﬂ}e hﬁh@w d' sease
as w tnessed by increased rates of hospitali satl on or rta

el derly or t R8N Ricparatiom enacyyated whnlovires, sibsdriewssvirrepuridsd virudqmlmyclm

exper|ence S f r severe

G Sease.  Thosd P GIRLY R Elans Brbor Pt I AR R G boe B 20
Current eff ocalkdt‘mixcbvﬂccmb)ctrhaenﬁairhﬂdmﬂ WAsfadbumitrviaadihd) y THSS @kwniabed Wi t h
yearly epide mcs of influenza are a d on the use i ntranmuscul arly

admi ni st er ed THact Fvatred™ “Elcé’rllaf gc"rf{éfé"a H’i %E’Efd?n%f such vacci nes
i N preveas i ngorm&pialphaipbidliseasRuandviceikuenza conplications ranges from
75%in healthy adults to less than 50%in the elderly. 25 Standards are
applied internationally to neasure the efficacy of influenza vaccines. The
Eur opean Uni i agg] i nfluenza
are Set out TuBizsbEcHes Lol SICR kRl EXpRAal ot ThL B B8 " o
requi r ement santigensidefivedefiom W@U@uwah’awmsatrmeandﬂﬂcynfhmmm strdi@ Ariteria in
the table, for all strains of 30 influenza included in the vacci ne. However
in practice, at feast two or all three of the criteria will need to be net
for all strains, particularly for a newtvacci ne such as *a new vacci ne for
delivery via a different route. Under sone circunstances two criteria may
be sufficient. For exanple, it nmay be acceptable for two of the three
criteria to be net 14 Septenber 2004 by all strains while the third
criterion is met by some but not all strains (e.g. two out of three

stral ns) The reqw rerrents are dlfferent for adult popul at| ons (18 60

o o N~ o - s



equal to or greater than |1:40 after vaccination (for each vaccine strain)
and is normally accepted as indicating protection. t5 For a novel flu
vaccine to be commercially useful it will not only need to neet those
standards, but also in practice it wll need to be at |east as efficacious

as the currently available injectable vaccines. It wil L,ﬁe E&%@%b@ be
ggl

conmer ci al |'y sMhabh 6.5 ihjgEiBle 8seifBoartaits toRhind N L?Sﬂm@ unber of
adm ni strations required. 20 The current commerci aézigﬁl avall abl e influenza

vacci nes ar e anfigenepmpgrient frgn caphistrpip: asirpgasered by ainglp sasiah asmumpiBesiamacci nes
are prepared i ' he vj ' o [-Ys! oWt b rganic
sol vent or a(%?)%gié';\?,%d;n&f"s%bg#ﬂgweﬁ%ﬂ{ rrlé %{jf?}l yi ng’E? (%%\I}}Mrca qg‘?%) eins to
varyi ng ext eiessapl irfluea bhenezghaisinpnapar edhplyion fagoentaddtgmietionhol e 25

influenza virus, either infectious qQr inactivat i th | uhilizing
concent r af i oﬁgmﬁ‘f“vﬁﬁcﬁ Arhote Wyt WS“’B? VAEETEY deﬁ’t"i%éﬂw é&@?%ﬁ&#f%mval of
t he sol ubi |'i g} R@ROAR AL, 1ARFMESHIEcNabiRGe idyldTeinyleradialldifBistbnrteri al . Split
vacci nes generally contain contam nating matrix protein and nucl eoprotein
and sonet i neinmpggclectrophopgsis|techBiquésdonibaysanel hnspaggdyminpansiesn a5, Spl it
vaccines will qistal ly (‘joﬁogisﬂlngoéﬂggf 36}5133?{/ t he 14 Sept enber 2004 virus
structural proterns art hough not ece)ssari / in the sanme proportions as
they occur in the whole virus. Subunit vaccines on the other hand consi st

essentially hi_ghl urified viral surface.pyoteins, hae | utinin and
neur am nilﬁlasﬁ‘e Wﬂﬁ%gé{ﬁ'ﬂs RIS Qe 'Qﬁ%p‘ﬂfra%fié‘?tﬂyﬁiu&ﬁovﬁgqlﬁ %’ngég%} FRiting the
desired Virugeggithdidly thé Woria Mehl0OQRisMRANn ¥alldbbiatbh With dMiiBYyal had®i nes whi ch.
are currently available require a preservative to prevent deterioration. A
frequent |y uswhprpics sed vateing manufagtyieier osal which is a mercurycont ai ni ng
conpound. Sone public concerns have been expressed about the effects of to

mercury containing conpounds. There is no surveillance systemin place to
det ect the eT{sci infhitndaepidemicypatee tcecasesse mcolfencraf pnomeantasriddbweron t he

d | opi A yst d i al i f.child h
R A R TIETTEE B e
conpl et e. Ceglfigiyor@Rs¥aBithahadrFitpaheonsd digsedrd Mmadt likEl9 ipeiperércakudhazar ds. of

t hi mer osal - cont aj ni-ng vacci hes_shoul d not_be IS gverstated g’o‘f,i t; P.A
JAVA Vo1. 283¢qqplicationsichpit yeung|iefaats alse may sWiErsev eEdisiaeca Jh5EReTPePsip nd
alternative : r iLpn of vaccines to replace the use of
t hi oner osal %%ﬂ%%%ﬁa%ﬁ@i%%?%%ﬁss. There is thus a need to devel op
vacci nes which are thinmerosal-free, in particular vaccines |ike influenza
vacci nes_whi gh_are.recommended, at..l.e fQr,- i j EQUPS, oOn
an annuaf® bagpE™ qur?‘vtmﬁg'%mg e gh‘ﬁgﬁ%mﬁﬁ‘rgﬁ%éé% ‘gd g'gtp "jl:?y "3’@6‘ 5‘% a

pr eservat i veoffiaflucnodire based lon ithitast biiatraduscniatly edmmistaetinagsatedur i ng t he
production/purification process and/or in.the final. vacci ne. .The _
breser vat | venaeraices TEF GRETERL S EPETES IHRTEYRDUPE BRREIIRARESE hr ough ¢ he
various staggs iRfluddd SRR rangey fréif I5%ahH hyAthy a8 ilsUe AP SVRGE iHeeS,
thionmersal is typically ‘added to the raw allantoic fluid and may al so be
added a seco#idertd ne during the processing of the virus. Thus there will be
resi dual {hi onersal present at the end of the process, and this may

addi ti on& |y be adjusted to a desirable preservative concentration in the
final vacci n®tandagds aexappic@inteenatiosdiyae nicantre e eliicacy afunfihet@Ovaaghed. . 30 A

si de-ef f ect ﬁ]“eé%he us%_rof t i.orre.rs,alf as g}. reservative j.n_flu vaccines is a
stabi | i sat i ohhedpeRsen Upipe qfficig) rEegia fon 4 SRNE @repe 18210t Bles 7R a5t s to
stabi | i se t h&utkifthe eIBRORERY. PleotdiCaliAfthe thel Burlhh UsldndéquireineMeolan
extlusively HA of B strain influenza. Certain A 14 Septenber 2004 strain
haemaggl ut i ninflienga yaccing hanlp maesenly eagehBe vtant Inthataplsnior hgrdstfe, al t hough
It may b?u 053 halth fiched AL fitkink CHBYENS it BOTER! & dasf 010 b Hrbtf1AR:
vaccines) or at least reducing the concentration of the thionmersal in the
final vacci naiterisheillmeed tocbepna forathstraing\partcolady ifor atrieatvacwig $wohies 2 hdvoner sal ,
the HA will not. b fficiently stable. | as. been discovered.i he

br esent | nveWerBRIE Adtvey iF 8 eitbudt BRLS ey A PEBReR RS RV HiE e

i nfluenza prieRafidn®NBorksamgledt ingy boidcysiatle fgend sf thb dredimitertito o hiedi n
organonercurials. The I13A remains stabilised such that it is detectable
over time by quantitative standard nmethods, in particular SRD, to an
greater extent than a non O stabilised antigen preparation produced by the
sanme nethod but w thout stabilising




excipient. The SRD nethod is performed as descri bed herei nabove.

I nportantly, the HA remains stabilised for up to 12 nonths which is the
standard required of a final flu vaccine. )5 In a first aspect the present
invention provides an inactivated influenza virus prepar ati on conprising a

haenmaggl utinin antigen stabilised in the absence of thigng ber@hoat | ow
| evel s of t hi byl sains wiiilenied third h:emd‘membjutdnﬁu Hut hSt aimnaﬁ{s awbyueofS| t D
assay. zo Low,levels otr t hi oner sal \?@t ho§ Lﬁve S, at ich the st ability
of HA deri vedttrESHRTIY e FATEnE 8 dilieett 1 atull Raputsbansid 10 vearpage

exci pi ent is ¢laqyipopstafists (Sé@atsh.sed HA. Low I evel s of thionersal are
generally 5 ug/m or less. Cenerally, stabilised HA refers to HA which is
detectabl e over time by quantitative 25 standard nethods, in particular
SRD, to an Bdater extent than Lol SN §9+stuse' aqtdy B P paration produced
by the sane nethod but withouti any stabillsing excl Lent. iStabilisation of
HA preferably Smdtmn‘adrsim tak:é‘ actl Vi t ya0fs HA substanﬁﬂaﬂ | y constant over a
one year perite P "‘:i: ab-H-sati-en—al-ows—t-he—vaegi ne conpri sing HA
to provide agc %VSEB’PB ?ﬁ“ﬁ’t ectifn aft&fa 6 month stoPage feriod, nore
preferably a|gngedntRer+speriod. SUIIAB Y, St@apil isggej om fis carried out by
a stabilising_excipient, preferably a mcell e nodi fVI ng excipient. A

m celle nmadi fying excipient is general |y an exci pient that may 14

Sept enber 2004 be incorporated into a mcelle forned by detergents used in)
or suitable for, solubilising the nenbrane protein HA, such as the
detergents TveStodBfiversion abdis ¥3fiN2d an thepeRupefaIf hetinee Gthy haleak lest@rs-i n

conbi nat i on. 5 Wthout wishing to be constrained by theory, it _is believed
that the exci %'ﬂé‘?ﬁ'%’s‘?/\ﬁ'rsl?%h@f"éﬁm‘?@%‘m‘wﬁ}m'étfeééﬁr?b‘f?cw{“wnt fee eachpi ds,
detergents ardi{guesphigt €ins in the final preparation. Mxed mcelles of
excipient wwth protein and lipid may be formed, such as mcelles of Tween
and deoxyléhol*étcg'“\l\ﬁrtlhn fastor dadefingd Bpllhl%fOéthdﬁmaseTm aron Bl-ge@Betrik mens titdsought
that surfaceg Di.| | by t hose conplex mcelles. 10
Preferably, r%@_{sﬁ\ﬂgég%&apﬁgtr{ofegé Tte g‘ y charge repul sion of mcelles
cont ai ni ng sm"’t atdteenaxmtqansdaﬁmed asuxetpeﬁ:sntﬂgwﬁlvhﬁsneaoﬁrﬁtalarshmﬁn HEgad i vel y

charged detergents. Sui t elle m)dl f exci_pi-ents include:
“posi tively, %&éh Qféfi?tcér‘ M&%‘F{ Ysreagy }l ha‘f?ﬁﬁf‘?)ﬂﬁ“? andisnogmellys such

as al kyl sul hedepd aPindrhiing protestion. sul fates; non-ionic t5 anphiphilic
nmol ecul es such as al kyl polygl ycosi des or derlvatlves t hereof, such as

Pl ant acarl® (avail abl e from Henkel KGaA), or al kyl al cohol poly al kyl ene
ethers or de?bé’?ﬁdvléﬁéumﬁfné?cib é&ﬁl}n&aagﬁ&& ﬁfxﬂuﬁn cﬁ'}(l)(?ﬁ%gq RRGlpignts are
a-tocopherol, or derivatives of a-tocophero such as & ?oco erol

succi nat e. C)thledarqsr?eﬂelspemiprtacimpmmoieedj@rhe\nateasmseﬂ'macmnmeuslt}re cnhmtlynventl on

| ud h h | .
Pri orred doPUARE JUEHBIE TREBh AT imaEd Iy SBEEu s MY cfgeReiat oo,

succi nat es, ﬂieaﬁﬁbmrdf@nt@@hdn@&fc&ﬁﬁlbeﬁmaﬂh&ﬁﬁﬁtloxﬁrr@@h&ﬂat es, butyrates,
sul fates and gl uconates. Al pha-tocopherol succinate is particularly

preferrea The a-tocopherol or derivative is 25 present in an anount

suffi ci ent t?h@étﬁ’a@.ht'doﬁﬁ‘néragﬂ)hﬁ%ﬂmginﬂhﬁ @accgebsf eﬁuertsggl sl ents may
be identified by nmethods standard in the art d Test or exanpl e using
t he SRD net himikctable vatcibssl Tht;lseafn@hr;esnas m@adﬁémdlsimmngeluaewms paficken a

preferred as i.nv jon, provides an influenza viru

preparation @g’%}’? g“?‘ﬁéga?élf"“ pvent 0 2 SPEsF ?'ijﬁeﬁaéﬁ?}f%pgf‘f”é’?gﬂ}“e v

haemaggl ut i npmteasid mng extirlts. Sspiltterahﬁieﬂ&%ep'ﬁm byfvapfich@iopéOMiclkes in a
further aspec@ga met hod. f or ar i 8‘% a stahl e haemmaggl utinin antigen which

met hod c&hpriPSBEzh Yires ithey nf 3o o 1B Vated: P sphuibdigHgcossentfatans Bf | i si ng

m cel | e nodi drgidigsobenitsiir@Blergets B E5HBM MR rérﬁ&%pbﬁﬁgLol%:l:ﬁnggéelni/ﬁ{d' ve

t hereof such as a-tocopherol succinate. Further provid he 1 nvention
are vacci nesSoaB9Hrioss ¢fghe viea! hpwdirepseriahr Sl vagcings gsereeadlyrconieth herein and their
use in a nmethad.fon Phdigeass in a
subj ect which netlhdagg%%érg@s&g muHPStrg@laaﬁd S&L ﬁ%ésqp RIS 3‘§8ci ne
accordi ng t ontthraigeneslopoproteins. Split vaccines will usually contain most or all of the




10 The vaccine may be adm nistered by any suitable delivery route, such as
intradermal, nucosal e.g. intranasal, oral, infranuscular or subcutaneous.
QO her delivery routes are well known in the art. t5 Intradermal delivery is
preferred. Any suitable device nay be used for intradermal delivery) for
exanpl e short needl e devices such as those described i - , ,

USS, 190, 521; US 5, 328,483, US S, 527,288) US 4,270, S37, qﬁ?ﬁ%@@é@? us

S, 141, 496, USvibys4fiigté6 Rprolenis riieigh nptalecessady nethe saye ploportibss admymcstrer ed by
devices which. ljmit the effectjve penetration |ength of a.needl.e into the
skin, such as'“tthco?'téc’h%mﬂsessfélg'lnﬂgev cflﬁes\/%'gtb‘f %thggbmgﬁ S&Eﬁﬁ'g?fﬂ?i)o *"ﬁl&igr por at ed
herei n by ref gir#iRe eiralantadepngiting hadmAglitival Md nsulfibiient, wiltisge el t abl e are
jet injection devices which deliver liquid vaccines to the derms via a
liquid jet injusRtcorosinsyssaonsitelonFicitig bedssired X ReyEalyreAtRPEHTRET M and
produces & j ef,cMhith. reaches the dermis. Jet injection devices are
described for exanple in US 5,480, 381) US S, 599, 302, US 5,334,144, US 25
5,993,412, US 5,649,912, US 5, S69, 189, US S, 704,911, US 5, 383,8S1, US

5, 893, 397, U 466..220), .US 163.. 312, . : 627, US

S, 064. 413, ué"%?%‘g'g‘}'“ 3‘%‘?‘%?2?‘%‘3‘8?’%%’6@@%?@% ,aé’ggf?wﬁg‘%‘,g@g‘iq’?%’so, US

4, 940, 460, WReAoidrOAdrduamly @fddlpp&sarvatid is chisistdsalbl iclpis@ nxabri-st i C
powder/particle delivery devices i ch use coppressed gas to a(‘; el eJr:]ate
vacci ne i n pdiRiEMREFOMPRRRG BERe PHYICHIPE™Y ey e PeenorPind 8bw ke fliegs phe
derms. Addi thapal kantaiﬁa@\e@ﬂf,maglr_haerig RYRBveBnc Sysse th plitelid Betsdr ARSI Cal
mant oux et hod of "i ntradennal dm nistration. However, the use of -
convent i onal efigets nblew toerpderatesiobdsifloggasnerrwrirl Hprethadeyalopmnertays devi ces
whi ch are capalle of _accur liver i -2 hi.ghl killed user are
preferred. Sﬁerg‘e%fj e céa;f S%g%igﬁ%hg\dl%ﬁzl(‘éh\#thltag%é%ﬁgesﬂﬂg’%\?%ﬁ%g{ a nethod for the
prophyl axi s afrgintbinkrderiala wilhfake teveral wrarsdo saasietel Gertans tdiju@eitatofihate met hod
conprises adm nisteri to the subject intradermally an ipfluyenza vaccine
ecording ¢o TS (Rt pofal iR pE O SR BRe aaSnes i PO FEr el

devices if3 cmbés@eeeggrﬁw.hhxmsﬂ.m;m I ieRereest, hBw@NEBENt | Nvention)
in particular with devices disclosed In 99/ 34850 or EP1092444, for

exanpl e. 1 o advanenepeusup dad aktenative metheds for thermreparation pbyracinenty repdaseghent |

preferabl y a06ARRReRsa0h uft ik 8rdcB8! 4Rbred2inds RASKROALHIGN! N

stablilser in € naenuf act ure an -l uenza vaccl ne. e 1 nvention
appl i es part ivacdimes whidhidre thirberesat-fras iiv partictla viahenestlkisiihfhveata vanciodsB strain i s

i nfl uenza hae glutinin. Preferab the stabi.lised HA of the ,present
vention i o Bparerer B ended et ot pecii B EBlng B50e o B ANEIBNEY of or abi y
the a-tocgpherol is in.the formof an ester, nore preferaby the succinate

or acetate and nost preferably the succipate. Preferred concentrations for
the a-t ocophdt s besn stasdard practige g dateia emeloy 2iPresgTvative ter esmpecial nor e

preferably beligeRedlinflidi2h Yccines Alrihg G BlodudRon/iifFi kAR fbccdChRfolidg to the
i nvention generally contains both Aand B strai'n virus ‘antigens, typically

in a trival enhe frehpwsingi The peservetivaissequied 4o priedend acBorganishforRlonever |
g vl et o0 RGBS R0 SRR 1905y MR o) s T
to 30 getzsas vatides vhiefichal ip bPibilleaddeado td Maw kitdngrie duRiandwiaglslsy bas possi bl e.

added a second time during the processing of the virus. Thus there will be residual

thiomersal present at the end of the process, and this may additionally be adjusted to a

desirable preservative concentration in the final vaccine, for example to a

concentration of around 100 pg/ml.

30
A side-effect of the use of thiomersal as a preservative in flu vaccines is a stabilisation

effect. The thiomersal in commerctial flu vaccines acts to stabilise the HA component

of the vaccine, in particular but not exclusively HA of B strain influenza. Certain A



The non-live flu antigen preparation For use in the invention may be

sel ected fromthe group consisting of split virus antigen preparations,
subunit antigens (either 14 Sept enber 2004 reconbi nantly expressed or
prepared fromwhole virus), inactivated whole virus which nmay be chemcally
i nactivated with e.g. fonnal dehyde, ~i-propiolactone o i

inactivated e.g. U V. or heat inactivated. Preferabl ﬁﬁg‘kgﬁni{ﬂgezgom
preparation i $rag hepmpsgutaiisiers. W3 Ay ahiodpagsagisatn. é”@’iﬁﬁlﬁ?\ia!‘h%f‘i’ben

prepared fromul RGKibids comider rnvdvid diophérsal S&th idtfueReh REQEESS: & Ralioved by
purification of" the surface antigen. st preferred are split virus

pr epar at i ons. refycgfgghatingentiasorcofibethionagrsabin e fihalencdry, therferis a prbianyen f or
the or each strain of e.influ Vi I Q0. i -1000 pg per m,
e Lrh b8l SRER AL D BIFRAEELIARCS, dark

nore prefer abcfvf/zr ik 0 Nost prefera out 30 | rg per
m, as neasured by a SRD assay. The vaccine according to the invention may

further conprise an adjuvant or imunostinul ant, such as but not limted to
detoxi fied I|ilpp# bﬁx“'f‘ﬁ VRS IndBPIERF A SHITR-thal i 1R Pefeibla g stabibise B I pi d A,

saponi ns and ieicheﬁtecri%méﬁ&?resﬁaﬁais%sm afiérhdtHe@bdgBls thal & rdtbodiR® T €sponse.
It has | ong been known that enterobacterial |ipopolysaccharide (LPS) is a

pot ent sti nulag@emetundle Therldsemaing tehilisadl suebdep 1418 detepiabls oveatimgbint s has
been curtail ' ' ffec - ' ' ' PS,
monophosphor st sl SOl S B SR, Ui B &) o Tt

car bohydriat e sgibilisgd aitigen prepapdtivdphaduecd byotive sdnee metiodbutgvicno gydbusirgAam ne, has
been described by Ribi al 986, _ | nql o nd .| nmmunqgphar nacol ogy of
bacteri al enﬁaf*aé%ﬁe ﬁ%@fﬂﬁhéﬁﬁﬁmﬁfw%f gﬁfg‘?{e%na&m- Trparia: e

fol | ow ng st rug temiaflis stabilliteSRPLS IPEY mRBdwRIck id1hk sthnddrPreqlired@ra fiRal(fltt-t 0 t

~' (1 Hyt CNDcH o~c (~~t0O 1~7 O A further detoxified version of. MPL -

results fromve¢i% enpval of the acyl chain fromthe 3-position of the

di sacchari de backbone, and is called 3-0O Deacyl ated nonophosphoryl lipid A"
(3D-tvliPL). It can be purified and prepared by the nethods taught in GB
2122204B,15while h firse ispea tiocpredesindinsioh pregles reinpetpprd atflwenzaofirudi phosphor yl

lipid A, and 3-O deacyl ated variants.thereof. A.preferred formof 3D-MPL is
P the T or m GFPERISR B EA P PR R e sl T abieneC®han o zpm i n
di ameter, anhibhérsiTEér0 bwolevdIPothRETeHaE WhereH (A€ hataRgghiiniiéd deteclable by

2 a SRD assay.

20  Low levels of thiomersal are those Ievels at which the stability of HA derived from
influenza B is reduced, such that a stabilising excipient is required for stabilised HA.

Low levels of thiomersal are generally 5 pg/ml or less.

Generally, stabilised HA refers to HA which is detectable over time by quantitative

25  standard methods, in particular SRD, to an greater extent than a non-stabilised antigen
preparation produced by the same method but without any stabilising excipient.
Stabilisation of HA preferably maintains the activity of HA substantially constant over
a one year period. Preferably, stabilisation allows the vaccine comprising HA to
provide acceptable protection after a 6 month storage period, more preferably a one

30  year period.

Suitably, stabilisation is carried out by a stabilising excipient, preferably a micelle

modifying excipient. A micelle modifying excipient is generally an excipient that may




941 21292. Aqueous formul ati ons conpri si ng nonophosphoryl lipid A and a
surfactant have been described in W9843670A2. The bacteri al

| i popol ysacchari de derived adjuvants to be fornulated in the conpositions
of the present invention nmay be purified and processed from bacteri al
sources) or alternatively they may be synthetic. For e I uri.ki ed
nmonophosphoryl lipid Ais described in Ribi et al 1986%?%;3?@55'&@%&

3- O Deacyl at etk iromppined pioa yiicetie fatnpd by pdtegstits bseding ohsudmblevfed from

Sal nonel | a sp. 1ib .described in @.2&3021& arﬂd US 4912094. Qé[h,ernefuri fied
and synt heti %1 BEB@I@%QE‘BH%P? ges PSR ah "a deEerba d R Py drdonek 109 |

1986, | nr. Ar cdhdAeb8icBdlatt, THaI0RLally of ¥ mBiRdoh, Hilgers et al., 1987, to 14
Sept enber 2004 | nmunol ogy, 60(1):141-6; and EP 0 549 074 B1 ). A
particularly preferred bacterial |ipopolysaccharide adjuvant is 3D MPL.
Accor di nglsy, Wk I I : : | | hvention
are thosesi m*rﬁﬂg%‘{tla%uhﬂ%ﬁ?sg%ﬁéﬁ §l§%€%?‘%’é?gibﬁ§e§g ? B@% &nggéﬁﬁﬁg«% 1']‘!o LPS or
MPL or 3D- MPIstabilise Bidothisteragtiprewith tfe liphds, datergast andfov rotéionintthefidaPS

the above. st PURETERoHIAc Sl F PRl A0 RGP 6P R e FmoioBFS. M and

Wagner H. (1986nicefles GVIvassn ahd BdeaydHdldpd wltoessidadi il apdver TRRADQOIC 2t is
activities of saponins. Phytomedicine vol. 2 pp 3633863?. Saponi ns are
steroid or trhugpishsudacseeineaekerieplpbiised byithese samplsx mieellss.ant and mari ne

ani mal kiggd ' t: ] i 10ons in
wat er Wnilgh ?ggfﬁgal?gpﬁgﬁﬂgﬁa%g{%@%ﬂ% lfgglpft%? %){:%l g%u%gddccﬁigﬁ gésl%eg?é#%'h%en

saponi ns ar e sadabie exeipientspsich anmicetltraypntireng regptorely dhizéged detengedtsir es i n t he
nmenbrane which cause the t 5 nenbrane to burst. Haenolysis of erythrocytes
is an exanple of this phenonenon, which is a property of certain, but not
all, saponi nSuitfApmiteNs madifyikHetpiass mtiute: potitvdly) né@tivt s zhBerisnst eni ¢

adm ni stratiopn. The adjuvant and haenol ytic activity of individual _ saponins
has been ext ER¥BsAmphithifig raefeodes;sych 3palkyl E"@E’éﬁiﬂ@é%@é]@%ﬁ@'mgﬁner)
supra). ker j "@ﬂ] : f . merican
tree Qui Il?aj g@g@gﬁ;ﬁ&%%ﬁgﬁhan Jf%%%@%ﬁ%@%?ﬁ%ﬁ?ﬂ%ﬁéﬁ bed in US
5, 057, 540 an®&lahBapoRi(nilalde framdiamkelKiGavant akyl akelsdipbly alkyldRe ethéisir Rev Ther
Drug Carrier St. 96, 1 l,-2):.1-55; and EP 0 362 279 Bl. Particul ate
struct ures, Fgalvﬁéﬁesﬁtﬁ?ﬁqéué:ﬁsr{ﬁf%m’%g Conpl exes (|1 SCOMS), conprising zs
fractions of Quil A are haenolytic and have been used in the manufacture of
vaccines (Murein, B.,. EP 0 109 942 B1; WD 9611 1711; WO 96133739). The
haenol ytic sAFSHTEAS ERIgHts 3rfp-tosonterqligmden patives of et tecopkarploweh afa-Qui | A) have
been desggi b ; 1 1 06l ir

o oduct i an i Soa e anaeres X Bheteridl (RRBLBLAARNIeR oy L s Bherb0B' | |

O her saponi meludh Dedatdeapterdi g+ tosmptieroh [Bptosyemirand Dhacionathemh st udi es

i ncl ude thos eri.ved from.ot he nt specieg.such as psophi | a and
Saponari a (Bgf’f‘?%rreﬂ d@TvagV?s)orS%F@Ef“?{g}{s%wyg%ﬁa@‘f&;‘fdgf%?f.’s‘c“’F&a‘ciﬂ Sept ember
2004 An enhapg@ghdriéstiasteRY RinviRtes! f1EpicAditY, BlraRs saffads HRANptdRxdiss. | i pid A
derivative and a saponin derivative particularly the conbination of Q521
and 3D MPL aéirbpdesopkesel sueringts §ppoigeBdy pisferrgd) @g%uﬁweb@gMideﬁ@@mb"si tion
where the, QS21.1.S: & h .8¢l osed in WD 96/ 33739. A
parti cul gsrl yg%%%nglr?t%{ gg]%ﬂl\?/tgsrlf c%%} %’uﬁ%ﬁ? stggﬁ%?\?%?%ﬁ%gﬁbszl and 3D-MPL in an
oil in water enulsion is described in WO 95/17210 and is a preferred
formul ation. ~Accordingly .in one eppodinent of the present inventiqgn there

i s provided QUFENE Egi‘%plﬁ?fﬁﬁ%a?'gia Fﬁéﬂ%ﬁ%fw Q?Zémaﬁ?ggbweﬁiiéﬁgfeéﬁgon of the
present i nvefar efipichisingaRt SRDWhéthodBE SxbifityaflalydiPhdieferftied ReldN- t OXi C
derivative of lipid A nore preferably adjuvanted with a nonophosphoryl
lipid A or derivative thereof. Preferably the vaccine additionally

conpri seg, a { r: : : : mul at i on
addi ti on%ol I yﬁ?gﬂn%?%deéép%ﬁﬂ{c%ilf\;c?%@lpvxg%élr@%#ulpﬂsl?egg{} sﬁlﬁéﬂg#%ns% t alftér%enti on al so
provi des a nesmnipoiding ov lepit oukivatigindluvree & steinf loemeggletirdmardi@enr i Si ng ni xi ng an
antigen preparation of the present invention together with a
pharmaceutically acceptabl e excipient) such as 3D-MPL. zo The vacci nes
according to the invention may further conprise at |east one surfactant

which may be in particular a non-ionic surfactant. Suitable non-ionic
surfactant are ;

6



selected fromthe group consisting of the octyl- or nonyl phenoxy

pol yoxyet hanol s (for exanple the comercially available Triton ~' series))
pol yoxyet hyl ene sorbitan esters 25 (TweenT"" series) and pol yoxyet hyl ene
ethers or esters of general formula ()): (1) HYCH=CHzO) "-A-R wherein n is

1-50, Ais a bond or-C(G-, Ris G _so alkyl or phenyl 1&:%6 %n%%f,%op‘_,fand
i thi 1t omui o (o aohaSh iy e Iﬂ%ﬁﬁ%ﬁt"ﬁ%@iﬁéE?ep%%IgLaasS@” rably 61

wi thin fomul ecu ferably 6-12,
and nost pr efisreabgluhin tfigeRwaRIpGAMRAConDri s paAfymeNheikizaPinihEaretdnge al Ky !
and nost preferably Gz al kyl. 12 14 Sept enmber 2004 Cctyl phenoxy

pol yoxyet hanot& SavHisge pesicapofiivmgexeipiens preferably erlecoghesolqaadierivaidei n
"Sur f act ant . | Fl orence ( 1983, Chaprman and Hal l).
Cctyl phenoxy%ﬁ%@%ﬁi%&sﬂeﬁg%@g oxynol s)) including t

oct yl phendxypol yet hoxyet hanol (Triton X-100 TM) are al so described in Merck
| ndex Entry % (I?aﬁg@éﬁ?l 2i é}%@ Edi ti.on, Mer.ck %Co., I nc.,. Wi tehouse
Station, N.J., USA™ YJ89 IV gHisn $ Vegcines compRsing, he SRBSANDREPAGPRS t an
esters, incl udbdmepBdrrinieieiuana a&@éulsudtﬁflﬁ%@%i@&ﬁﬁﬂ&ﬂ@&hﬁ& g~ are
described in Merck Index Entry 7742 (Page 1308, 12'" Edition, Merck & Co.
Inc., Whitehdtiseseat aspieet which methgd gomperN 2@ministaing 1q theSybje@atvacaimey be
manuf act ur ed aU&Ir&]Hg{Be(I]EQQ&t gscribed to therein, or purchased from

commer ci-al sources such as Sigma Inc. Particularly preferred non-ionic
surfactan®s include Triton X-45, t-octyl phenoxy pol yet hoxyet hanol (Triton
X-100), Tri tq-lﬂ %( 19'%, Trbi t8n. X- 1%51 Tri to%_lx- 65, Triton X-205) Triton
X-305, Triton R &7 ST EEAdREnIHTed By 3y shitagle delivery raujte, syeh asintradermal,

pol yoxyet hyl engedi ¢.gUhitinasdteil, inlradiRtar & subdifaneolsy OM& I &P fulsstear V!

et her (stearetn 9). Triton X-100 and laureth 9 are particularly preferred.
Al so particuMatt ‘I’i'i‘@?'@??%d is the polyoXycthyl enc sorbitan ester,

pol yoxyet hyl ene sorbitan nonool eate (Tween 80n"'). 20 Further suitable

pol yoxyet hyl ene ethers of general fornrula (1] are selected fromthe

- fol | owi ng3 gr fusderpal geliwymrtinpreferred. Qurgtsaitabjd devideanay hpaksdoboy ptrdaydrmake- 4- | aur yl-

her, I - 33- | I h d I A - 23- I
cthor | A tor R PL e bl ke Ebites Rl m et ot m TR AR L

di Iscl os'edhi anSﬁ,éS‘m,'Iﬁs i,mﬁasstsws sistgag,é?g\glzs gvcss:er/yusu[mﬁ,rzlasjus . )
‘pol yoxyet hy - ether is: -92-0. Pol yoxyet hyl ene ethers suc
as pol yoxyet ﬁ'@?le%geg’M‘I/Illéélzh{wa%%ald’é%’?qsﬁ@d 3jsq be gdmipisterrd pydryices 127 ed:

entry 7717, Whick kmét (R0 effdcliCe penibitioRNEHERFo Al REAIO thio Medkin, {ehas ot
0911910-12-3). Laureth 9 is forned b{ reacting et hyl ene oxi 3se w th dodecyl

al cohol , 2hnddessribed in W48 5@ and FRRI 082444 isnerposated dietein hysrefedtredwod or  nor e
Ty bo presente R Re P LAg At AL Ta AR el Bedlon e BNAN ST il ar
a conbi nat i oiqued vazcipes pdleyderinis| vineliguid ot infetice ot eia aswedle dhichleyR¥ et hyl ene
sorbitan 13 strafIiftIn %?Réu?nngn%rprgchgés a jet which reaches the dermis. Jet injection devices
are described for example in US 5,480,381, US 5,599,302, US 5,334,144, US
25 5,993,412, US 5,649,912, US 5,569,189, US 5,704,911, US 5,383,851, US 5,893,397
US 5,466,220, US 5,339,163, US 5,312,335, US 5,503,627, US 5,064,413, US 5,520,
639, US.4,596,556US 4,790,824, US 4,941,880, US 4,940,460, WO 97/37705 and

WO 97/13537. Also suitable are ballistic powder/particle delivery devices which use

compressed gas to accelerate vaccine in powder form through the outer layers of the
30 skin to the dermis. Additionally, conventional syringes may be used in the classical

mantoux method of intradermal dministration. However, the use of conventional

syﬁnges requires highly skilled operators and thus devices which are capable of

accurate delivery without a highly skilled user are preferred.



nonool eate (Tween 80T"') and an octoxynol such as

t - ocryl phenoxypol yet hoxyet hanol (Triton) X-1 00 T"' is preferred. Another
particularly preferred conbinati on of nonionic surfactants conprises

| aureth 9 plus a pol yoxyethyl ene sorbitan ester or an octoxynol or both.
Non-ionic surfactants such as those discussed above haqgsg efsitdr 2804
concentrations in the final vaccine conposition as foll pol yoxyet hyl ene
sorbitan esters such as Tween 80T"': 0.01 to 1 % nost preferably about 0.1

% (W v); oct engxy t han Tr.iton X-100T"" or
ot her deter gélﬁlféﬂ“eﬂm{"ﬂg %’?‘E'g aég‘%{’%gé}/g’eé’ﬁqp?‘?%“ H'f'?t'e%a‘ ongref er abl y
0.005 to 0. 04k yéubjdeo{vm@wﬁnhulc&agn@bIa@ﬁﬁu@ém@eaﬁfe%hb,%@rmJI a (1) such
as laureth 9: 0. | to 20 % preferably 0.1 to 10 % and nost preferably 0.1
to 1 %or abé‘ﬂfﬂdﬂ"@b’wa\ﬂ)lenzﬁdﬁccé@ra%ﬁfﬁmﬁé&%h’éve%?ﬂml ations, other vaccine
conponentg may be included in the is fornulation. As such the formul ati ons
of the present invention nay also conprise a bile acid or a derivative
thereof, in ﬁaptnvcmloaraiaorcxteht@tbartmdcrmaéid@mes,m dovatgmationctitckevadeng vat i ves of
cholic acid and hereof , i.n parti.cul di.um,s .of cholic acid or
chol | ¢ aci d ASPrUSR PYnPHeieRtinsrtibn O PPl UGt T RIGE veo t hor oot

i ncl ude choIwmogwpmsodegxumbmulﬁnagmﬂﬂephenodeoxychol|c acid, lithocholic
aci d, ursodeoxyeholic acid, 20 hyodeoxycholic acid and derivatives such as
gl yco-) tauro-, am dopropyl-I propanesul fonic-,

am dopr opyl - - r tioned

am dopr oy Ao l{A IS PRSP ML AR T S3eBl e DALY

parti cul arl yagderefative ihdreefkamhaemagghaimih sizbldkeonyihb olaatfectiiiabadjnfmnzah may be .
present in the final vaccine dose. 25 Also provided by the invention are i
pharnaceut|c§fcﬂ?ts conprising a vaccine admnistration device filled with

a vacci ne according to the invention. Such adninistration devi ces incl ude
but are not limted to needl e devices, d jet devices, powder devices,
and spray deVhewentionapplics parficdary bns apt exsbsrrﬁlé( tp reistabHisatiop of Btai | gen
prepar at i ons; e invention may be derived fromthe

conventloﬁal qﬁ%%%%%até%&ngg met hod, or they may be derived fromany of the
new generati on net hods using tlssue culture to grow the virus or express

14 Sept enber 2 lLuenza .viru ens. Suitable
col | Subst r aPELRby BE BARIREA o b BERER I Rabb BTG SPEPHEaRT dney el s
such as I\/DCKpI@fer:beHZSmfnﬁth a clone of I\/DCK, MDCK- | i ke cells, nonkey ki dney
cells such as AGWK cells including Vero cells, suitable pig cell lines, or
any other manmalian cell type suitable for the production of influenza
virus fog,va uman
g < e s A b R A
lines; for exstsaadprashpreferabbithsswobteas chi cken errbryo fibroblasts are

al so included. The influenza virus antigen preparation may be produced by
any of a number of to commercially applicable processes, for exanple the

split flu preefssd semeitbiesk fonthbal@tiphtel ofRridaiveltsbaneerDppBlil. 444,
incorporated herein by reference. Traditionally split flu was produced

using a sol vEmymbmorgpisferablxhetvesnt Prg/mir 589 mgfml nbutyl phosphate, or

di ethyl egher in conbination with Tween~ (known as "Tween ether” splitting)
and this process is still used in sone production facilities. OQther t5
splitting agﬁfa\&cmmwwpi@y@meiimhmaﬂemﬁygemmes both pr avitidbiteir dnsnzymes or
bile salts, far exa sodi.um deoxychol at.e as descriped in patent no. DD
T55 878, | ncBBEPYRRIRR SV FORRAEE T MR TR T SEbh be used as
splitting aggmisver, ahaltdCandddnd0Alent G84cRicd aRirot exaudeeewnomémadames anmmoni um
brom de (CTAB), ot her ionic detergents e. | aur at e,

t aur odeoxyc HBDeAdvatagsaifin  Rardegut SRGEeR. gorseaewpéswme ftheimnedantdescr i bed
above | g udhngs lidhlvaBcie phflckd Bl ARRalad officPRACpESaipsCr T bed 10 Lina et
al, 2000, Biologicals 28, 95-103) and Triton N1 or conbi nati ons of any
two or nore detergents The preparatlon process for a split vaccine wll
include a n [ [ S ati.on steps
such s i trideake v Hyarishprareal R kil s A0 R e BRRERT O ana

chr omat ogr agiyup(c@ngdsting@if sl vlrangeigers preparatidhs fsubanit fitigef (efti@rbi nat i ons, and
optionally an inactivation step eg with heat, fornal dehyde or

(i propiolactone or U V. which may be carried out beforé or after
splitting. The splitting process may bed carried out as a batch, continuous
or sem -continuous process. 30 Preferred split flu vaccine antigen
preparations according to the invention conprise a residual anmount of Tween
80 and/or Triton X-100 remai ning fromthe production process, although
these may be added or their concentrations adjusted after t5




14 Septenber 2004 preparation of the split antigen. Preferably both Tween
80 and Triton X-100 are present. The preferred ranges for the final
coneentrations of these non-ionic surfactants in the vaccine dose are:
Tween 80: 0.01 to | % nore preferably about 0.1 % (v/v) 5 Triton X-100:
0.001 to 0.1 (%wWv), nore preferably 0.005 to 0-02%(%@@@%5&_@6@“ vel y

the influenz | I rat,i.ons cordiing to the invention may be

derived f romargydgg)ﬁgg?%%lﬂ%rge{%@ﬁ%taﬂeg R uRoigy 1%%#33“‘&)’?‘?%’,“0‘]%8@&anp| e the

haemaggl ut i niwhicnhagenchemycabig inatdieed iy F FoialRAYdey p-prépioih@odeyent i on wil |

now be further, described in tf}e\;fOl | owi ng, non-limting exanples. 16 14
e

Sept enber 200 ERARBREY 2 5180 eV 107 hpat dnsstivateds Preferablyrihe atizen mrepanaticant i gen
preparati on yskihgr é‘sptli@QEWE&LatﬁHP&iaQﬁBﬁi%ggevn;ﬁggé%#e% Rk whle v

preservative-free vaccine |thionersalreduce noval gﬁ%’ split
vacci ne wids PrREFRAYIbye sRlittingnyoess foHewédby mwifieatiquraftkcurfece antigdy, epar at i on
of virus i nogeldl Vs L.no ation of enbryonated eggs. a fresh

i noculumis prépgpfe@&egel%rfﬂ%vﬁ%gphgm%g%?i ng seed |l ot with a phosphate
buffered saline containing gentanycin sul phate at 0.5 nglm and

hydr ocorti sope at !Zng /m . (virus strain-dependent). The virus inoculumis
cept at 2- BCF G e lFPaTT iR ogro! BasraEs AP BanberSONA & t36h skEvhibaay ol d
embr yonat ed @gGenANus pRFarkn ¥ 11680 ggg&anﬁ?ﬁbgbécfgaﬁyfﬁ@ [ perml and

decont am nat ed. The eggs are inocul a W rus Tnocul um
1' he i nod®l amed pegfgrablyrabout 36 wigaeem!, at meksereahyraRI adsey.t enper at ure (virus
strai n-dependent) 20 for 48 to 96 hours. At the end of the incubation
period, the enbryos are killed by cooling and the eggs are stored for 12-60

hours at 2- 8The Hativiesdcordg; takheanvadition fay itter QMPrAE af BdihiHfoemor yonat ed
eggs is harvested. 'Usually, 8 to 10 25 m of crude allantoic fluid is

col l ected pelBYWstiepideisueh asthubpotdimitedde fitoxified imid ¥ frohenesanicewsd f r om
allantoi c fla ; i Ed [ : lantgi,c fluid is clarified
by noder at e I;Hrgtgﬁmggrjlﬁtﬁv%guga :i&(;,ﬂ, %P%H]g%nﬁ%?eﬁg%gén}&%ﬂgﬂﬁoéﬂn}n Mg dsor pti on
step 17 15 14Tl§>épmem§emns2004 .-To obtain a CaHPOa gel in the clarified virus
pool, 0.5 nol/L NazHPO and O SnoUL Cad z sol utions are added to reach a
final concentration of CaHPOn of 1.5 g to 3.5 g CaHPQo/litre depending on
" the virus stht basdong been khown that enterobacterial lipopolysaccharide (LPS) is a potent

stimulator of the immune system, although its use in adjuvants has been curtailed by
1ts toxic effects. A non-toxic derivative of LPS, monophbsphéryl lipid A (MPL),

20 produced by removal of the core carbohydrate group and the phosphate from the
reducing-end glicosamine, has been described by Ribi et a! (1 986, Immunology and

Immunopharmacology of bacterial endotoxins, Plenum Publ. Corp., NY, p407-41 9)
and has the following structure: '



5 After sedinentation for at last 8 hours, the supernatant is renoved and
the sedinent containing the influenza virus is resolubilised by addition of
a 0.26 nmoUL EDTA-Naz sol ution, dependent on the anmobunt oFCaHPCa used. 3.
Filtration 10 The resuspended sedinent is filtered on a 6pmfilter
menbrane. 4. Sucrose gradient centrifugation The infl uenza Yérﬁﬁa’(?064
concentrated by isopycnic centrifugation in a |linear sucroge gradient (0.55
% (wv)) containing 100 pg/ M Thionersal. The flowrate is 8 -- 15 t5
litres/ hour. At _h§ end oﬂ“bhgucentrifugation, the content of the rotor is
recovered by fo Nfere fyractigons (the sucrose is neasured in a
refractometer): O~ ) 2 ‘

52-38% sucrose fiyaglion 3

fNaction 4 20- 0% sucrose '
virus strain-dependent: fr, sy e riedu§ed to 15% sucrose. 25 For
further vaccine preparatjon,®only{rraction agey3@re used. Fraction 3 is
washed by diafiltrat iQHCV\,itH('phos haf'e HHRf ' rde to reduce 't he
sucrose content to appréﬁ; mat el y el ow 6% a_virus present in
this diluted fraction i$ pelletedCHp renove ) inants. 30 The
pellet is resuspended t hor ougpl,y m xedAA o Bbtairn aljonogeneous

suspensi on. Fraction ¢ (@Rg,t he rgwspendeiﬁ%l et ofi fraction 3 are pool ed
and phosphat e buffsr_ Sx!m 14 CedgHuwber gfp4 added?t-o obtain a vol une of
approxi mately 40 |rtres. Yhi g.p!_go gt .is e novak#at whol e virus
concentrate. 5. Sucr wradi epk _centrifugation w tuﬂ; sodi um deoxychol at e
The nonoval ent whol e?;z:‘l uenza‘; 4‘&3_ cond€HpPwat e i s Iap-pu ed to a EIVI - Mark
Il ultracentrifuge. The K3 rot @Hycontai nseg, | i near ‘s‘fﬂé’ﬂ%s‘b gadient (0.55 % .
(w'v)) where a sodi um deoxychol at e ‘gadi ent 1s addit icugal I&ggverl ayed. Tween -
80 is present during splitting up to 0.1 % (wv) and Tocdpherol succinate
is added for B-strain- viruses up to 0.5 mM The naxi mal f um

deoxychol ate concentration is 0.7-1.5 % (wv) and to is €sai n dependent.
The flowrate is 8 - 15 litres/hour. At the end of the centrjfugation, the

content of tHefurBeiletqxificdairingrd diyreptiisdeomyiierepeys of haaeyl #n FPMe sucrose
s measured i ApsRldATUNTELENNFL BRIGOR, £diPcHREY 6 Pealither processi ng.

Sucrose content ‘for fraction limts (47-18% varies according to strains 15
“and is fixedmmpphospharyluipid §3D-BIPIg Bean ke furified and preparad by heimetheds us

fraction s {] ] . endihnd . W.t L.t m menbr ane.
Phosphat ekbuH‘Jléir“el%% g{}r%??]%é’ghb%g%e?\%%o @%@%s%pg?ﬁpﬁro% strain 20
vi ruses) 0. 5 dighbsgphonplipidd, asdi3-€)-dedcdatesd variaad thereofdi | uti on. The final vol une

of the filtered fraction 2 is Stines the original fraction volune. 7.
| nactivation The filtered nonoval ent material is incubated at 22 2C for at

nost 84 hour @ pefetrd@RAMATID-MPL R tNd fobth oS i @hiiSion hivifig h BabiPpdriae cart be
shortened). Phosphate buffer containing 0.025% (w v).. Tween 80 is then

added i n or déize Jess thap (dumtin diamstes) and its msthed edmanwfactumip disglosedin WAAD 1t g/ ml . |
For B Stralnoyi . O % (W .
Taeen 80 "and 258% Rl CRRRAbE QHekShEhoRSioatha Tl Al ket (L0

the total prbbweibeesdssteled i W@OIB6ABR. 1t g/ m . Formal dehyde is 30 added to a

final concentration of 50 Itg/m and the inactivation takes place at 20C
2C for at least 72 hours.

The bactenal lipopolysaccharide derived adjuvants to be formulated in the
compositions of the present invention may be purified and processed from bacterial

15 sources,'or altematively they may be synthetic. For example, purified monophosphoryl
lipid A is described in Ribi et al 1986 {supra}, and 3-O-Deacylated monophosphoryl
or diphosphoryl lipid A derived from Salmonella sp. is described in GB 2220211 and
US 4912094, Other purified and synthetic lipopolysaccharides have been described
(Hilgers et al., 1986, Int. Arch.Allergy. Immunol., 79(4):392-6; Hilgers ef al., 1987,

10



8. Utrafiltration 19 14 Septenber 2004 The inactivated split virus
material is concentrated at least 2 fold in a ultrafiltration unit,

equi pped with cellul ose acetate nenbranes with 20 kDa MACO. The Material is
subsequent |y washed wi th phosphate buffer containing 0.025 % (wv) Tween 80

and follow ng with phosphate buffered saline contai ning e%'le(ﬂﬁegr"ym} Tween.
For B strain virus a phosphate buffered saline contai n| ng P
Tween 80 and I@Hrmxnnivgﬂ'@@(ipﬁémt argl 0 A4 €74 Bi)u gephrbaulariygséfengl babterikl naI

sterile f||tr Bcﬂ%afc%and%a uvan 'S?btbﬁé%‘glrgagflltratlon is filtered on filter

menbr anes ené Filter nenbranes are rinsed
and the material is diluted |f necessary such that the protein

concentration does eed 500 Itg/m_ wth phosphate buffered saline
cont ai ni ng Optf’f%d("\ﬁy he%&&’?”%“’ﬁﬁ@ag By behsed i"‘éhﬁﬁ?ﬁ%ﬁ’é’gﬂm’(‘} age thivse

Tocopher ok sygfupkifhuldn® B areRNRAIR stiBu I RIAYA Vil S ptored at
2 - 8C for a maxi rrulmuof 18 rfaront hs. Stsabl r|ty 20 f%?g% 1. %J%riripgdrplf“soﬁ of tine

dependent HAZeather@smecy 9fithy mgeﬂmagum&eblypmvmweﬂm\balmndzyl:ftermal bul ks.
Strai nSt abi | n tr od 30Gat

2- 8C2- 8CB/ Ya@ﬁgékéh%{fé%%géﬁoggﬁ lgrhggtpgna %i%tgl' g&%&‘r esi dual nercury
3(82% (>100% m Bl Yamanashi / 166/ 98Th| omer sal 192160186178108 nmL83

%7Y93%B/ Yangnashi / 166/ 8N0 el9 17 si du ner.c

3(609% (92% ?gi%“fﬂséi% %ﬁr )%‘Wrgeﬁm@m%ﬁc&PHét%r%feﬂ%@f the

(>1581 79G6 esbid caﬂﬁfd?ﬁﬁh‘né@l@@c@l(acﬁﬁhe@ &P a9 md%rﬂ&hﬁﬁ‘é'ﬁﬁ@ﬁb 3g499Toco he

| succi nat e167179158178(resi dual nercur ~~(> 969
10D% ug/ m ) 3%6)- Sap nmsémeém@ ODWGAPETEIE s@oadesaodandnsmtedﬂn threuvbmue@endent HA

content neas r k yas. recover ed from
syringes. Vaglm ﬁeegg{or @éd {n%a“él'a ghﬁ%%\rf forq#'# ﬁg Rl t"ﬂ B HENE BT uenza
vacci ne wi t hehich ftaabod staking) d‘d@d‘bﬂﬁé&ﬁ&’ﬁng SiblesBARA2Wh3i sapddiad afe ddar 3831 ( 30-

:(3%2'_ Pan/ 200 7I/ngls'?1granés “ZC_Y gg'a:?e prgre- ike strl}c%udfres Iﬁ 2113 l%?n:‘glgfﬁgég\]\;hl Cg :éauseBLh!a ML166/9836

15 membrane to burst. Haemolysis of erythrocytes is an example of this phenomenon,

which is a property of certain, but not all, saponins,

Saponins are known 55_ adjuvants in vaccines for éystémic administratioﬁ. The
adjuvant and haemolytic activity of individual saponins has been extensively studied
20 in the art (Lacaille-Dubois and Wagner, supra). For example, Quil A (derived from
the bark of the South American tree Quillaja Saponaria Molina), and fractions thereof,
are described in US 5,057,540 and “Saponins as vaccine adjuvants”, Kensil, C. R.,
Crit Rev Ther Drug Carrier Syst, 1996, 12 (1-2):1-55; and EP ¢ 362 279 B1.
Particulate structures, termed Immune Stimuiatﬁxg Complexes (ISCOMS}, comprising
25 fractions of Quil A are haemolytic and have been used in the manufacture of vaccines
(Morein, B., EP 0 109 942 B1; WO 96/11711; WO 96/33739). The haemolytic
saponins QS21 and QS17 (HPLC purified fractions of Quil A) have been described as
potent systemic adjuvants, and the method of their production is disclosed in US
Patent No.5,057,540 and EP 0 362 279 B1. Other saponins which have been used in
30 systemic vaccination studies include those derived from other plant species such as

Gypsophila and Saponaria (Bomford ez al., Vaceine, 10(9):572-577, 1992).
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3833 (32- 3432 (30- 3431 (29- 33Influenza vacci ne contai ni ngA/ NCal/ 20/ 9931

(30- 3232 (31- 3336 (34- 3832 (31- 33al pha-tocopherol

succi nat eA/ Pan/ 2007/ 9933 (30- 3633 (30- 3636 (35- 3733 (31-

35B/ Yani i b6/ 9837 (35- 3936 (34- 3838 (35- 4136 (33- 39 Exanple 3 - SRD

Met hod used to nmeasure baemaeel utinin content d ass pl 3hes, %e]r%?]éz'ooho'o cm
a

are coated with an agarose gel containing a concentration i=1nfluenza

HA serum t hatay ghiRe®FERAORHA 1IN thE BSbinatibh 6f 2 hbiEt3RI ligi@a &fAlativé2nd ® sanpl e
wells (3 mmfd) are punched into the agarose. 10 m croliters. of appropriate

di | Uti ons of SEEMYderEHE PASHITIY i ComRBMEOnAl Q2 238D MPLis digglpsed b The
plates are i Rgghalsdss QFal%ﬁsﬂ%ﬁﬁﬂéﬁ%nﬁfcoﬁxﬁ&ﬁ‘ﬁ&nﬁm&éﬁk‘éjﬁlﬁ?&eﬁ&qe@ﬁ«@h ina

moi st chanber. After that, the plates are soaked overnight wt

NaCl - sol ut i omhciesterolees ldesdlobad 10fWQ 96433 4%t i |l ed water. The gel is then
pressed agd dried. Wien conpletely dry, the plates are stained 15 on
Coomassi e Brillant Blue solution for 10 min and destained twice in a
gixture of g\lﬂﬂfmmf larl@@)ﬁleﬁﬁﬂﬂﬁﬁ%hﬁlIu]@hiiﬂwoﬁ}iﬁ%ng1dﬁfiIﬂ-&de Iﬁtnainmeﬁnzgnes
econe visible., After drying the tes, the diangter of the stained zones
surroundi ng &i?fefﬁféhls'\%l‘q‘i“? cﬁ%g{)ﬁgﬁll%omﬂiw(}iﬂf T fsmaktion. ght  angl es.
Al ternatively equi pnent to neasure the surface can be used. Dose-response
curves of antigen dilutions against the surface are 20 constructed and the
resul ts are datadinglydelorenthodimept plthe presrphingensiondbere it rovidessanaceive hods

(Finney) P.J. (1952). . Lstical Met S, ¢l 1.9].0q] cal don:
Giffin, SFtprRAY %@@1‘%‘%‘7\1{"“%?“ %{Fpa('%’gf)r h’gf.gés%k‘dﬁ{.’&‘g?’ég@g%f"déf%b37- 247) .
14 Sept enber daBified lipid A or a non-toxic derivative of lipid A, more preferably adjuvanted

B/ Johannesbur g/ 5/ 99Tocopher yl succi nat e1441511 30145(resi dual nmercury 3(>
1009 ( 90%(9“P6WHP‘EGBWHW§£BIS’?59’B’F§@* %ﬁersal 159ND172154> '
10099798/ Johannesbur g/ 5/ 99' ~Nonel1l691071530N( 63% ( 909 produced accordi ng
to licensed FLUARI X""', "~ produced according to exanple w thout

Tocopher yl suBrsfasahtiethe @pecingrpgditiapa!lypmpises @ senonifl, moge PefempleQ32L Prepar ati on
of infl ug?za vacci ne usine a-tocopherol .succinate as a stabiliser for a

t hi onersal -reduced vaccine t0 Monoval ent final bul ks of three strains,

Al New Cal donPafe2ibtp@ie fedthRtibivBdditidra]ly ddrifarisasian QDDA AEr ephiddit). Resvir- 17 and
B/ Yamanashi / 166/ 98 wer e produced ac&igjgi?fgg l{o.the met hFd‘dIescri bed in
Exanpl e 1. PHSITPhEYFEORAEC BEYIGH Akt B 1BRYIAI R hal  bul ks were
pool ed to a EdnlsineinitRBGE Rhtigthipadpaiionséf th@gietent GiverdNa v G daRiaa/ 20/ 99

(HNL ) IVR-116, . .
pharmaceutically acceptable excipient, such as 3D-MPL.

20
The vaccines according to the invention may further comprise at least one surfactant
which may be in particular a non-ionic surfactant. Suitable non-ionic surfactant are
selected from the group consisting of the octyl- or nonylphenoxy polyoxyethanols (for
example the commercially available Triton ™ series), polyoxyethylene sorbitan esters
25 (Tween™ series) and polyoxyethylene ethers or esters of general formula (I):

() HO(CH.CH:0):-A-R
wherein n is 1-50, A is a bond or —C(O)-, R is Ci.sp alky? or phenyl C,_sp alkyl; and

combinations of two or more of these. -

30  Preferred surfactants falling within formula (I) are molecules in which n is 4-24, more
preferably 6-12, and most preferably 9; the R component is C).so, preferably C4-Cao
alkyl and most preferably C,; alkyl.



Al Panama/ 2007/ 99 (H3N2) Resvir-17, respectively and of 39 pg/m for

B/ Yamanashi / 166/ 98. Tween 80 and Triton X - 100 were adjusted to 580 pg/m

and 20 90 pglm, respectively. The final volune was adjusted to 3 1 with

phosphate buffered saline. The trivalent pool was filtered ending with 0.8

pm cel | ul ose acet ate nmenbrane to obtain the trivalent fi, r?e{gt&”tjgé?m%' val ent
a

final bulk wa IIed i Nt o es a l east. 0.5 nL in e
Sept ember 200 gﬁ'iﬂxéic’xté’f’fyﬁ ‘I[’.ig W@Yﬁg%{%e&e%ﬁg%%ﬁ%ﬁﬁeﬁq@%w nfl uenza

vacci ne (FEdUC.‘BﬁifaEthth?ﬁErﬁﬁ‘|Ed)s AbANEY FdtRleTe98326h ra!nbﬂili%n Exanmpl e 2
are used for clinical testing H3N2: Al Pananma/ 2007/99 RESVIR-17 HI NT: A/ New

Cal edoni a/ 20/ 98tYiPbenqry pelyexyefhgnols(ths ogtyxyapish inshidineds/ 98 Tabl e 3 Adul ts
18- 60 ear st bi i M

| uSHBND. HI NIE I\B%ﬁ%’%%qg%gx zf%hﬂ"fﬂg‘é’gﬁ&%g@mrai?" Jescribggd in Merck Index
94.0. 394.3. 894 . By, 98 LP:e@ ! 6Nd 2 TEdigom Mé@ck & Co. Inc., Whitehouse Station, N.J.,
SPR60. 3965. 297 osi Se .
L0 3903 SATRBR IR N AR EShoRRIfl Krbit esters inchuding. | oy

titer58.6%4. Wyﬁﬂ@&e%%&m?%aocﬂ%ﬁemem 8@ 18) £ §H8H U Me¥@n Y6 3. 2943. 7%
52 6963MT328525766324359588F0l d, GMI7. 313. 06. 95, 99. 85, 9Ti ter > 40, SPRI

- 0% 00. 094080102 (g0 | ¥ 9. Bdiion Merqk&deq fneniyihitehowse Statign, BIC | . for
t fionad; d
propor ion p-pg N sBNBY el fonH Bo Pﬁﬁ%%x&iﬂ éd Muﬁgr?m;lé,&\ifqeé&%g@n ers (n)

as part of number of subjects o at1o

ser oconvelOsi dheseigy orpurphided dram conmeara alseyprcsemch hsSigm@PMAP/ HWP/ 214/ 96 12
March 1997, 5 p.17ff GVI = geonetric nean titer, reciprocal 95% C I. = 95%
confidence interval, SPR= Seroprotection rate: proportion oFsubjects with a

protective tIHaﬂrcumlﬁpfﬂfertm&bM&ﬁﬁdﬁxaﬁattﬁtﬁlsmgﬂﬁejfﬁtdﬂxﬂlﬁ tFocipiRAsiypody titer
Ser oconver si on, e:ﬁw_‘_“g!ortl on of subjects with anti body i ncrease from <10

prevacci nat i ®ADE 0’9’ dETiPack Pt TAn ol - EtenX bt dritenc X248 I risen GvIr

Si gni fi cant iM62a5in=RB09 A hbN-597 STHRIAEHS1, Writdn ﬁnlz%nﬁiegggy titer >_10
prevacci nati on and 415 fol'd anti body i|ncrease postvactination (two steps of

titer) réd. :ﬁOE@K)reén'Lﬁ"ﬁ@ri@lwl@wﬂemmér)sn@n@ywtyp@glen@9pt¢3rybethg e. 4-fold

Dot o] h h
Sor oconver si SRoreReF bR el OB shRafl sBH 56 Winliaiutikou 1 na

t he vacci ne ipsfairdes the polfybaictigtiue Vcabmtestar,@bf;eiydmy]érﬁ shbirad Moottt ai ni ng
t hi oner sal ZT sl § rvative. 25 Exanple Sa - Preparation of influen2a

virus anti2e ‘ﬁ? é‘p? ion urine octocopberol succinate as a stabiliser for
a tbionmersal -free vacci ne Monoval ent split vacci ne was prepared accordi ng

to the foll ow ng procedure.
20 Further suitable polyoxyethylene ethers of general formula (T) are selected from the

following group: polyoxyethylene-8-stearyl ether, polyoxyethylene-4-lauryl ether,
polyoxyethylene-35-Jauryl ether, and polyoxyethylene-23-lauryl ether.

Altemnative terms or names for polyoxyethylene lauryl ether are disclosed in the CAS
25 registry. The CAS registry number of polyoxyethylene-9 lauryl ether is: 9002-92-0.
Polyoxyethylene ethers such as polyoxyethylene lauryl ether are described in the
Merck index (12" ed: entry 7717, Merck & Co. Inc., Whitehouse Station, N.J., USA;
ISBN 0911910-12-3). Laureth 9 is formed by reacting ethylene oxide with dodecyl
alcohol, and has an average of nine ethylene oxide units. -
30
Two or more non-tonic surfactants from the different groups of surfactants described
may be present in the vaccine formulation described herein. In particular, a

combination of a polyoxyethylene sorbitan ester such as polyoxyethylene sorbitan
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30 Preparation otvirus inoculumOn the day of inoculation of enbryonated
eggs a fresh inoculumis prepared by m xing the working seed ot with a
phosphat e buffered saline containing gentanycin sul phate at 0.5 ng/m and
hydrocorti sone at 25 ug/m . (virus strain-dependent). The 35 virus inoculum
is kept at 2-8C. Inoculation of enbryonated eggs N ne g fleugherdaysol d
enbryonated eggs are used for virus replication. Shells are decontam nat ed.
The elggs gre ﬁuamwa&_t(e‘d'egi $(0TPard amﬁcm&yﬁom@cmae uSctiyiphenobypalyetibx 96 Pandd

i nocul ated eggs. are in ated af the appropriate_tenperature (Vvirus

strai n-depeno‘%ﬁ‘f‘)")?‘owo&glst%egﬁeﬁoﬂ?%]?erﬁ%'f %’%W&fegiedf‘?f@b‘f‘ﬁl?ﬂlﬁ’gf‘?‘ﬁin peri od,
the enbryos apgickinlcefhdmpANsi1NBeth DG I1tsRSoBBIFetRY1EneSbRN@l edt@lor &¢- 60 hours
at 2-8C. 2a 14 Sept enber 2004 Harvest The allantoic fluid fromthe

chill ed enbr ywtatee oelely- i s harvested. Usually, 8 to 10 nl of crude
allantoic fluid is collected per egg. Concentration and purification of
whole virus fromallantoic fluid Carification The harvested allantoic
fluid is clarNén-edichyrfamoes satk asthedliscesstd afowg htveqneferrahgacent@tid3Gh - 14000
g). Precipitajion step Saturated nium sul fajfe soJution is added to the
e i1 od v i BB Spcetns PRbREGH s i IE BaF AP SRESHET S 1 on of 0.5
mol /L. After sedhge™: 3to1e8 19:0modtipréfeably aﬂodtﬁ.ﬂwpﬁl)u);foh@l—w R&yiHeAsS | S
renoved by filtration on depth filters (typically 0.5 ufrl?g' Filtration The
clarified crugbosrrshanolzispehsasiitan X< 0P qrentheg deserapnts incthe deipsangss0.88i ng

with a valid o I p'ﬁg},,, [l tration
The ster?]:Oe ?%?ge/"sr'ggmt rrgf @%@d\}g?g;??% ol &é){)\(/’%?ﬁ%étwqgcl&gﬁtég (Eﬁlg%]dtlrat ed on a
cassett es equompda(Iysuch ad RORIKDA. IMACO B Podibly Bentor18ie amt mba aedferéblyol d. The

concentrated retentate is wi th phosphate buffered saline at |east
1.8 tines. 2§']§8§ré§éaﬁ‘?’é8$%§{‘}ﬁgent rifugation The influenza virus is

concentrated by isopycnic centrifugation in a |inear sucrose gradient {0.55
% (Wv)). The flowrate is 8 - 15 litres/hour. 30 At the end of the
cent ri f ugat i 8T CAiIE vasFine Frmylatipnseothes varcinecompopenss Bdy by/inelyded igiths er ent

Lt L B TR G b ey 552
‘ bile acid or a derivative thereof, in particular in the form of a salt. These include
derivatives of cholic acid and salts thereof, in particular sodium salis of cholic acid or
cholic acid derivatives. Examples of bile acids and derivatives thereof include cholic
acid, deoﬁycho}ic acid, chenodeoxycholic acid, lithocholic acid, ursodeoxycholic acid,
20  hyodeoxycholic acid and derivatives such as glyco-, tauro-, amidopropyl-1-
propanesulfonic-, amidopropyl-2-hydroxy- [ -propanesulfonic derivatives of the
aforementioned bile acids, or N,N-bis (3Dgluconcamidopropyl) deoxycholamide. A
particularly preferred example is sodium deoxycholate (NaDOC) which may be

present in the final vaccine dose.

25
Also provided by the invention are pharmmaceutical kits comprising a vaccine
administration device filled with a vaccine according to the invention. Such
administration devices include but are not limited to needle devices, liquid jet devices,
powder devices, and spray devices {for intranasal use).

30

The influenza virus antigen preparations according to the invention may be derived
from the conventional embryonated egg method, or they may be derived from any of

the new generation methods using tissue culture to grow the virus or express



14 Sept enmber 2004 fraction 3 38-20% sucrose* - fraction 4 20- 0% sucrose *
virus strai n-dependent: fraction 3 can be reduced to 15% sucrose. For
further vaccine preparation, either only fractions 2 is used or fraction 2
together with a-further purified fraction 3 are used. Fraction 3 is washed
by diafiltration with phosphate buffer in order to red e
content to approximately below 6% Optionally this steuﬁ'eSé %@B%ﬁdp’?ed The
10 i nf | uenza '6§9mMpénant wdusnea "ﬁ”f’cf’r‘fffécecﬁ"!‘&%"éds?ifaélﬁqcﬂﬁ“‘i’%faiﬁéquéfféﬂ"& &er enpve
sol ubl e cont amBaRhSe fobREarPAE LES KiliFey B y@eﬁ&dﬁ% g L9 EOMANIdhe T X e O
obtain a hormgeneouscsouspaéﬁ@!:oné l ecct?on 2 an C?ﬂe resuspené d pel | et of
fracti on 3 aMDpBoMiX Kaihe gﬁibsphmca kiinéy ells pwh 25 AdddBaelnindbdiag Nem vol une

of appr oxi mat e itre Thi s uct i s.the noval ent ol e virus
concentrate. &%?o%glcé?%%ﬁﬁéws’%ﬁ@r?qe LA hYRG B ﬁﬁ ¥ chol ate The
monoval ents Wpeddactiolf d fieMizAzanifue SoroQEG Hulpis€s, i1Snitalp célpdibbtent& alsbll - Mark 11 20
uItracentrlfu%?%The K3 rotor contains a linear sucrose gradient (0.55 %

(W v)) where!? AuEAR 6215:ey% BT arf 6l Suitehie collsubtintasiagnrat hpitsd trqely ed.
Tween 80 is [nes flexalhfit BHmﬁlB'Idefl§ 4uRf adidhidien ginﬂryo/ofﬁﬁ‘\gb‘f:)sts%?éjalso included.
Tocopheryl succinate is added"for B-strain viruSes up to 0.5 mM The maxi nal
sodi um deoxychol ate concentration is 0.7-1.5 % (vv/v) and i s strain
dependent . te 15 Lit [e /hou he e f the

centri fugatl on tﬁgvnzg%n S!"}%gg? PREREHA B e ? eug%v Ogan{"’ﬁ’geere?dl fferent

fractiongo(t hﬁnmumrauyeppmamgﬁnéseek fon eﬂanli;ﬂé ﬂﬁ@lblilrfﬁilﬁ'béesfda%ﬁﬁbeﬂm 2 is used
for further grocessi n Sucrose_caontent for fracti on I|mts (47-18% varies

according to %‘F’i’é‘f’n@Dgpe 8P4 anq QQ&*&T‘?‘M“%\P&H&%'}E&W BIESEREEi | e filtration

The split vi mntfohaiﬁtdpﬁﬂﬂlh ﬁ/a§ bﬂoﬁ@&@@siﬁé‘a§dlbén%et5'%€hh?c9ﬁ§en?@ﬁ@h%tﬂ\ﬂnl ha0.2
| rm menbrane. Phosphate buffer containing w v) Tween 80 and (for B

strains) 26 butxlaphsamﬂ@n@rehetlmgtheronsornwpatmoﬁﬂeﬁwmc&man@s “Eweesed for
di | I h
Ihut i on. fr agl%nrﬂj’ @B‘i'im%(% aHErE' i ro%g? is shhh thl éxﬁ% 10% féc%ht% tb{ﬁgls the

ori gi nal on ivatl on nmonoval'ent material is
i ncubat eds at s;ﬂﬁtng@eritﬁ)hO\abmméd aéluhodmsg:{mheq)@mteaﬂyum:prha ofibileisals) r ai ns,

this incubat can be sh rte . te buffer |ng 0. 025% (W vj
Tween 80 i GO SPIEIo 435 GaReS I Pbpa D 198 1% cantent dovm t b
‘max. 450 pgl fﬁcorpE@fedBez%H!@' r@feramphpa&fgakemmameagecﬁaalspmtﬁn%sgeh@ ning 0.025%
(wv) Tween 80 and 0.25 nmM Tocopheryl succinate is applied for dilution to

to reduce t hivclige gatiopicgesrasns st eyl tapamylammeyiup dromide (EAR), bRy de i s
added to a fiRldEoRGRRL %2@4&1@& ﬂa%déo&%ﬂaat@B{j?$rhf%nic%&§'ée\4@tsh%t akes

pl ace at 20Ct 2C ftor at hours."Utrafiltrat
20 the ones described above including Triton X-100 (for example in a process described

in Lina et al, 2000, Biologicals 28, 95-103) and Triton N-101, or combinations of any

two or more detergents.

The preparation proceés for a split vaccine will include a number of different filtration
25  and/or other separation steps such as ultracentrifugation, ultrafiltration, zonal
centrifugation and chromatography (e.g. ion exchange) steps in a varety of
combinations, and optionally an inactivation step eg with heat, formaldehyde or B-
propiolactone or U.V. which may be camied out before or after splitting. The splitting

process may be carried out as a batch, continuous or semi-continuous process.

30

Preferred split flu vaccine antigen preparations according to the invention comprise a
residual amount of Tween 80 and/or Triton X-100 remaining from the production

process, although these may be added or their concentrations adjusted after

15




15 The inactivated split virus material is concentrated at least 2 fold in
a ultrafiltration unit, equipped with cellul ose acetate nenbranes wth 20
kDa MACO. The Material is subsequently washed with phosphate buffer
containing 0.025 % (wv) Tween 80 and follow ng-w th phosphate buffered

. e : . .
saline containing 0.01 % (wv) Tween. For Bstrain vi ru%gr%e% hgésr%%he

buffered saline containing.0.01% Tween 80 and O

) W V) 1
Tocopher yl sud¥FRigign pEthg sl antigenndsafera)y deipdayees Blapd Enop- 1% #8n The
material aft giredhit Ak Pl-etfé b for fHe! finel Rfcitafiodst R ithedB . ARRS ending with
a 0.2 pmnenbrane. Filter nenbranes are rinsed and the material is diluted
i f necessary sutfagtaipGinttheevageipe dosa atgoncent r ati on does not exceed 500 |tgdm
wi t h phospha [ i_ne_ copt akni l,. % (W v) Tween 80 and,
specific for L@%ﬁ%@%@&%ﬁ? TR &5%6%’1 e#bgﬁgdg%:‘%’i(‘ﬁfé%e. St orage 30 The
manoval ents f iTiabn Xul0R: 0.60 1St leds atv)Anere Pfafdratily 8.008x6 002qiv/v)3 nont hs.
Stability z~ 14 Septenber 2004 Table 4. Conparison of tine dependent HA
content (yrg/m) measured by SI2D in nonoval ent final bulks.
Strai nSt abi | i gemtitay Hiefintd ARA WERH PrephraBOiiacBBain t8the invention may
2- 8CB/ Johannesbur g/ 5/ 99Tocopher ol succi nat e214196 92%206
9698l Johanne$bdemye8/i@at 2 pomeekBiee Gn @8olavsInfhgngavirs, for exampdethaccor ding to
exanpl e 1 w khoul, TOSPRRLY! SUAE NahEes Al fRimlie SO - Preparation of
i nfluenza virus éﬁ%lgen nFéparati‘oa using a oc3bhero| succinate as a
stabilisap for a thionersal-free vaccine A preferred variation of the

met hod described in, Exanple Sa is gs foll.ows: rvesti of the whole virus
is fol l owed BYS{HEPReE; lm"f"d%f’?ft'fﬁh"é3%55“Yezgrfﬂﬂw}sfifﬂﬁ$”§ﬁﬁf%?ﬂ‘ggﬁf‘8%F’fﬁ“ipéqsi on).
This is followed by the clarification step where the fluid is clarified by
t5 noderate speed centrifugation (range 4000- 14000 g). Thus the order of
the precipitation and clarification steps is reversed conpared to Exanpl e
Sa. Stertle filtration, ultrafiltration and ultracentrifugation (sucrose
gradi ent centrifugation) steps follow as for Exanple Sa. However, there is
no need for 20 reprocessing step of the fractions resulting fromthe
ultracentrifugation step. The remaining steps in the process are as -
described in Exanple Sa. 25 ‘
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Thus, the summari sed process in this exanple is as follows: Harvest
Precipitation (amoniumsulfate) Carification Sterile filtration 30
Utrafiltration 2R 14 Septenber 2004 U tracentri Fugation Splitting
(preferably sodium deoxychol ate) Sterile filtration Inactivation
Utrafiltration Final sterile filtration Another preferqy ' of
Exanpl e Sa involves a prefiltration f*lﬁ_glﬁeg re the flrstegjesp;{g?\ ﬁéo@ﬂ
filtration. This uses a nenbrane whicC oes not sterile filter but which

enabl es 10 the rermval of contami nants e.g. albumin prior to sterile
filtration. |eld Aswtable rrenbranefor
prefiltratio D boutaragaty D2 ViTug angigeny :

prefiltrati 0ﬁoﬁpﬁ@roﬁlﬁ&cmwﬁ%timh&eh%ﬁﬁﬁg&v%vm&lngﬁlh%mﬁﬁ”pl e S6.

t5 Exanple 6-Preparaiion of 1nfluenza vacClne uslne a-toco ucci nate
as a stabi’l i gefugedraceingdi onersal -free vacci ne 20 Monoval ent final bul ks of
three strains, A/ New Cal doni a/20/99 (HLNl) |IVR-116, A/ Panama/2007/99 (H3N2)
Resvir-17 and B/ Yamanashi/ 166/ 98 were produced according to the nethod
descri bed i np R qrgﬁgg m)noval ent
final bul ks wer e;}%g’glsgg VE%QJQJ \D;Qr{,? %apéhgg'%g@% %t%]?gcﬁl 0 beel for A/ New
Cal doni a/ 20/ 99 (HIN1) I|VR- 116 A/ Panama/ 2007/ 99 (H3N2) Resw r- 17,

respecti gl Qd rotf 3?\@% B/Johannesburg/ 5/97. Tween 80 and Triton X
- 100 wer LPSa’[ 2P e “EPg?)' and 30 90 pg/nml, respectively. The final

vol une was amnusé &8 oIwiBulhmm dfbmbh.@ﬁﬂbdiég%s Rebieimdeulamlié prépardd sy (11 val ent
pool was filtered ending w m cel | ul gse acetate nenbrane to obtain

the trival enfi¥ipgte “t?&lPRg ﬁﬁ'teij \'P&P"é‘l‘ita PPP?P&P“B&S’HffRfes\/a%lmF|0Pmte1@mgraema@y¢m nges at

least 0.5 nlgipy ?@&'@5:3% as]dd,h of tine
dependent HASconatent 7"m @%&ﬁgﬁa&g%ﬁ%% \%]gg%mgdm q-ll)"ul Ks.
Vacci ne f or nuirzsSnecalun®disikeptdn 34°Geeks at 30C6

15

Inoculation of embryonated eggs

Nine to eleven day old embryonated eggs are used for virus replication. Shells are -

&ecomaminated. .The eggs are inoculated with 0.2 ml of the virus inoculum. The

inoculated eggs are incubated at the appropriate temperature (virus strain-dependent)
20 for 48 to 96 hours. At the end of the incubation period, the embryos are killed by

cooling and the eggs are stored for 12-60 hours at 2-8°C.

Harvest
The allantoic fluid from the chilled embryonated eggs is harvested. Usually, 8 to 10

25 ml of crude allantoic fluid is collected per egg.
Concentration and purification of whole virus from allantoic fluid
1. Clarification
The harvested allantoic fluid is clarified by moderate speed centrifugation (range:

30 4000~ 14000 g).

2. Adsorption step

17



nont hs at 2-

8CI nfl uenza vacci ne w t hout

stabilizer A/ NCall 20/ 99313230AI Pan/ 2007/ 99313433Bl Joh/ 5199* 3525311 nfl uenza
vacci ne cont ai ni nA/ NCal/ 20/ 99343534al ha-I| oco herol
succi nat eA/ Pan/ 2007199333334B/ Jol r/ 5/ 99** ~29 - -f25 128 - -1 *Fornul ati

was based on target concentration of 39 pp~m . **FormlgtéQn,

target concentration of 34 pg/m . Exanple 7 - Preparation I n%l uenza

virus anti eemopbRRas ELHPO,

on

- Rgged on
i@z sRafisdNihapodl 0.5 vAd1A1R2,8P (R afid 8BIMoEEr for a

preservative-free vaccine (tttionersal-reduced to_vacci ne Monoval ent whol e

vi rus concentGagh:solytiony areadded tasisaghay fayabepngeniration af GedPQsofdesgioibee in

Example 1. t r I at L i.fegati on with sodi um deoaycbol ate The
arent wRaSOYAREAKAANED, uaSLE Ll y

nonoval ent

ul tracentrifuge.

Irus concentrate is applied to a ETTI-Mark |

(wv)) where ,a sodium deoxychol afe gradi ent is additiopally overlayed.

Taeeh 80 15 (PSSR RARRGah e Y R B strrortane B etnp bt ol SRR Soa
deoxychol at e c&fsifiaptHeahii®nza Hinfd.igredsluli Bsedby alidi)ion bk §.96 Slol/RIBDTIEPRNdENT .
The flowrate is 8 - i 5 litresltrour. At the end of the centrifugation,

t he cont ent

splutionedensadant prsthe amgytiob §aHPOrwede di f Ferent fractions (the

sucrose is neasured in a refractoneter) Fraction 2 is used for further
processi ng. Sucrose content for fraction limts (47-18% varies according
to strains 23. d&ildrationf i xed after eval uation: 30 14 Septenmber 2004 Sterile

en for further

The K3 rotor contains a |linear sucrose gradient (0.55 %

um

filtratiaon ample of fraction.?2 of 10, mi S tak

processi Y. A*ﬁ%rgglﬁf’?r{de%ﬁ?e”ftfsa@ﬁr WES Fﬁ%r"éﬂn A ilter nenbranes ending
with a 0.2 um nenbrane. Phosphate buffer containing 0.025 % (wv) Tween
and 0.5 mM sodium lauryl sulfate is used for dilution. The final volune
the filtered4f Saexasegragliqud centrifygationhe ori gi nal fraction vol une.

| nact | vat | ol Ffl lch AL eohoBRAYAL AR AL Bl bnlinG a8tk Al 222C f or

at npbst 84 hours

pendent on the

80
of "}

stral ns; i's incubation can be

shortened). ghdsmphats YW/ e cedaismgilde pegom (Thiomenspl.0TB2086% (aké is)8 -Tideen 80 and

0.5 MM ' sodi

m Lauryl sulfate is then added in order to reduce the total

protein é_‘Bnt ?ﬁsmagﬁh to max. 250 ItgJm . Fornal dehyde is added to a final
concentration of 50 [Cg/m and the inactivation takes 15 place at 20C 2C
for "at least 72 hours. Utrafiltration Thﬁ#i nactivated spljt vipr us materi al

i s concent r apbipe spd pidhe senintugatign; the congot p

F Fordp resAvesed by fougd

cel lul ose acgli@bfs MRIRERARER mdaliled atERacMM&Rr). The Material zo is
I

subsequent |y washed with 4 vol umes phosphate uf fered sal i ne contai ni ng
0.0l (wv) Tween and 0.5 nfieetisailum | ¥WuddPh supmdstat e, Final sterile filtration

20

25

30

- fraction 2 approximately 52-38% sucrose
- fraction 3 38-20% sucrose™®
- . fraction 4 20- 0% sucrose

* virus strain-dependent: fraction 3 can be reduced to 15% sucrose.

For further vaccine preparation, only fractions 2 and 3 are vsed.

Fraction 3 is washed by dizfiltration with phosphate buffer in order to reduce the
sucrose content to approximately below 6%. The influenza virus present in this

diluted fraction is pelleted to remove soluble contaminants.

The pellet is resuspended and thoroughly mixed to obtain a homogeneous suspension.

Fraction 2 and the resuspended pellet of fraction 3 are pooled and phosphate buffer is

e

B840 with



The material after ultrafiltration is filtered on filter nenbranes ending
with a 0.2 | xm25 nenbrane. Filter nenbranes are rinsed and the material is
diluted if necessary that the protein concentrati on does not exceed 500
pg/mM w th phosphate buffered saline containing 0.01 % (wv) Tween 80 and
0.5 mM sodium lauryl sulfate. Storage 3o The nonoval entq4 I%éﬁémgg,lig o4S

~stored at 2 -,43(4 1o RPSa Zalu@ﬂpﬁ-{pk&%a@fy 40'1{83%5 dﬂEQBFHﬂHEn e GRRL M, Measur ed
by SItD in nonoval ent final bulkKs. 31 Sept enber 2004 stabili serAfter

product i on4 iekdie viges c@aEBIrdlshannesbur e/ S/ 99None* 182139

77Bl | ohannesbur e/ 5199Sodi um | aur el 288264 f92 %sul fate ' produced accordi ng
to Exanple 7 wthout addition of sodiumlauryl sulfate Exanple 8 -
Preparation cf. Budrosegradient ceusrifaghticenith sediaimoddoyebiokittie Pl ant acare or
Laureth-9 as stabil iser Ler a ureservative-free vaccine

(tbi oner sal - r G REEvILE A RAHSFAY BIfCoNFIfate i3 sppled e Magkd of
B/ Yamanashi / 14@{cOfrias. BRUE R coftaih¥a RS bhd&d gtdalﬁm % é\lﬂv) Fvggagntation

The nonoval ent whol e i nfl uenza virus concentr a; luted t0 a protein
concentrat i or§odfm| de@mhgf@tg/grﬁdxw tswdﬁh%qébaweﬂmﬁﬁww &k pweenp#umm Ei t her

15 Pl ant acar% l%(gg |s s#@ﬂﬁeﬂ%ﬁ%‘:@% gﬁ'%g 193 @orEf%r gmgetsl nof 1 %

(W v). Themaerl errar is
overl ayed on ta0§un‘Mo§ee mashmabnocﬂfﬁﬁ’odéww})olata cmcbmmdneh is Q1526 €wiv ddigat i on

in a Beclanan swi or. SW 28 ofmed for 2 h at 25,000 rpm and
20C. 20 ﬁerl'?ﬁrqﬂ‘?cw’ﬁef‘bﬁthﬁﬂé’ CERGE aﬂg? i’i:‘?‘ﬁken for further processing.
The split virus fraction is flltered on filter nmenbranes ending with a 0.2

ltrrt menbrane. Inactivation 25 Phosphate buffered saline is added if
necessary i n/dthpeandobthesauiafoeetinn, thstcantepiraltl ratog inteenvered dwthreadifferent 500

ug/ n . Fornal t - and the
i nactivation ﬂ'?alli% g%cg&gt %é%u%g@ :Plaelﬁagttg B I{r?c%mgg;g&seé%qr%ep ration 32
14 Sept enber pﬁ;@%mg. Sucrose content for fraction limits (47 18%) varies according to strains

15 and is fixed after evaluation:

6. Sterile filtration

The split virus fraction is filtered on filter membranes ending with a 0.2 um

membrane. Phosphate buffer containing 0.025 % (w/v) Tween 80 and (for B strain
20 viruses) 0.5 mM Tocopherol succinate is used for dilution. The final volume of the

filtered fraction 2 is 5 times the original fraction volume.

7. Inactivation
The filtered monovalent material is incubated at 22 + 2°C for at most 84 hours

25 (dependent on the virus strains, this incubation can be shortened). Phosphate buffer

' containing 0.025% (w/v). Tween 80 is then added in order to reduce the total protein

content down to max. 250 pg/ml. For B strain viruses, a phosphate buffered saline
containing 0.025% (w/v) Tween 80 and 0.25 mM Tocopherol succinate is applied for
dilution to reduce the total protein content down to 250 pg/ml. Formaldehyde is

30 added to a final concentration of 50 ug/ml and the inactivation takes place at 20°C £
2°C for at least 72 hours.

8. Ultrafiltration
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Tween 80 and Triton X 100 is adjusted in the inactivated materi al
and 0.02 respectively. The inactivated split virus materi al
at least 2 fold in a ultrafiltration unit,

menbranes with 30 kDa MACO The Materi al

to 0. 15%

is concentrat ed

equi pped with cellul ose acetate
i s subsequently washed with 4

vol unes phosphate buffered saline. Final sterile filtrahinthseroabgri al

after ultrafiltr.atli.- Ls.filtered.on filter r endi .ha 0.2 pm
nenbr ane. Fi Iteer]n%epggt?%%lévg?sem?qfrﬁ%éscf Ogﬁeé‘%fﬁggﬂ%?sg?ﬁg]fj HEY iﬁmaifanthat t he

prot ei n concentit eduigped datscihdbseaxase thehfBtinegivith 20dkDh NOWTR HEeeMbefifler ed
saline |0 Starage The np

Conpari son ofS¢f

bul ks. @H&hid&iﬁ%ﬂﬁ £ds
30CB/ Yanmanashi / 166198

final

§

nel 43

GSEHHOR VAP bashRan il

k is stored at 2 -
SeuriEEeiiP23% BV ivh Thseodfl ent 1S

RIOBUF d R RBKSiIAL 0.01 % (w/v) Tween. For B
898 68 % % B/ Yamanashi / 166/ 98Pl ant acar e

8C. Tabl e 8.

2000476477 ( Bo@inogms ¥ ghesphah byilesl 9iraentaimnn 6849w/ ¥)TWee0 8P amk@impl e 9 -

Clinical tes

t hi onmer sal

RS

RAR!OL

y Via

B Vb B

d i nfluenza vacci ne .(reduced 20
admi nistration A Preparation of

i nfluenza virus antigen preparation Monoval ent split vacci ne was prepared

according to _th
i foc

t he day of

gent amycin 33

bt

25 Preparation of virus inoculum On

yonated eggs a fresh inoculumis prepared by

m Xi ng t he WOt indeeriae5Rk: hfttaiMalibn & MRAIRASNRY auﬁ.ia%e@?ﬁaﬁlgi‘m £88%,a ni ng

14 Sept enber 2004 sul phate at 0.5 ng/

and hydrocortisone

at 25 pg/¥M . miepbras. Spiteimsmbepesatennied afhthevnatersa! isnblutedifmdcesskmyptchat 2- 8C.

| nocul ation qf, giTh yonated

are used for

viru

replication.

t?eggﬁ d %sNiqrt] gxctegd
e S are

SUEHER T oo me S RO o 2

i nocul at ed wisiline@otainlingdd.0 % Ev/v) Twéeni 30ead (fonB skh@ vires)bangd eggs are
i ncubated at . the_a gropri ate tenperature (virus strain-dependent) for 48 to

96 hours. At TPR¥hE
cooling and the eggs are stored for

SYfe%e i ncubation period, the enbryos are killed by
12-60 hours at 2-8C." to Harvest The

allantoic fluid fromthe chilled enbryonated eggs is harvested. Usually, 8
to 10 m 16f dP«fderage| antoic fluid is collected per egg. 1S Concentration

and purifi CatI‘hQHlo%vaY@ﬁ? hﬁal %Lfk"f?st&reﬁ' 0 ?—l- h"'ﬁ]fo?'a%ag&gr}fﬁrg of 18 months,

20

Stability

Table 1. Comparison of time dependent HA content (pg/ml) measured by SRD in .
monovalent final bulks.

4 weeks

Strain Stabiliser After 6 month |12 month at |-

production lat30°C |at2-8°C [2-8°C

B/Yamanashi/166/98 | Tocopherylsuccinate | 169 139 172 ND

- (residual mercury 3 {82%) (>100%)
pg/ml)

B/Yamanashi/166/98 | Thiomersal 192 160 186 178
(108 pg/ml) (83 %) [{97%) (93%)

B/Yamanashi/166/98 - |None 191 122 175 154
(residual mercury 3 {60%) (92%) (81%)

. pg/ml)

B/Johannesburg/5/99 | Tocopherylsuccinate | 166 183 (> 158 179
(residual mercury 4 100%) [{(95%) |[(>100%)
pe/ml) -

B/lohannesburg/5/99 | Tocopherylsuccinate | 167 179 158 178
(residual mercury 4 (> 100%) | ( 95%)

pg/ml)

(> 100%)

20



. Carification The harvested allantoic fluid is clarified by noderate

speed centri

obtain a CaHf Ca gel

fugation (range:

4000 - 14000 g).
in the clarified virus pool,
O Snpl/L CaCll 2 solutions are added to reach a final

2D 2. Adsorption step To

0.5 mol | L NazHPGa and

Cal-1PCa of 1.5 g to 3.5 g CaHPGal litre depending on thg
t he super nat ant

sedi nent C0nU‘abIBl’n@oﬂﬁntdﬂfdft{ﬁi&mpéﬁkjémmSomeﬁﬁﬁieliblh-&dt@@klbih @egedd on of a
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0.26 nol /L,
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Example 3 - SRD Method used to measure haemagglutinin content

Glass plates (12.4 - 10.0 cm) are coated with an agarose gel containing a concentration

of anti-influenza HA serum that is recommended by NIBSC. Afier the gel has set, 72

sample wells (3 mm &) are punched into the agarose. 10 microliters of appropriate

dilutions of the reference and tfxe sample are loaded in the wells. The plates are

mcubated for 24 hours at room temperature (20 to 25°C)ina moist chamber. After

that, the plales are soaked overnight with NaCl-solution and washed bneﬂy in distilled

water. The gel is then pressed and dried. When completely dry, the plates are stained

on Coomassie Brillant Blue solution for 10 min and destained twice in a mixture of

methanol and acetic acid until clearly defined stained zones become visible. After

drying the plates, the diameter of the stained zones surrounding antigen wells is

measured in two directions at right angles. Altematively equipment to measure the

surface can be used. Dose-response curves of antigen dilutions against the surface are

constructed and the results are calculated according to standard slope-ratio assay

methods (Finney, D.J. (1952). Statistical Methods in Biological Assay. London:
Griffin, Quoted in: Wood, JM, et al (1977). J. Biol. Standard. 5, 237-247).
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The nonoval ent whol e influenza virus concentrate is applied to a EN -Mark

Il ultracentrifuge. The K3 rotor contains a |linear sucrose gradient (0.55 %
(W v)) where a sodi um deoxychol ate gradient is additionally overlayed.

Tween 80 is present during splitting up to 0.1 %(vv/v) and Tocopher ol

succinate is added for B-strain- viruses up to 0.5 1‘I31§e ! X O'aodl um
deoxychol ate concentration is 0 7-1 5 % (wyv) and is _straj dont The

flow rate is|B/lohannesburessdhoyTocophenylsuccinste §f44 he cepldli fug ﬂ3Cbn, f hés
content of the rotor is recoyéesdudbpercurse di ff er ent |Er HOE)OO0%) he(>sLOeH)se
is measured iin_a refractonet ¢gpp/niyaction 2 ils used for further 35 14

Sept enber 200B/Jphapoesberig/ig?9* SiThosersabnt ent floso fract {ND |1 mit® (47{15459%
varies according to strains and is fixed after eval uption: 6¢ 9oehi{ %)

filtration The/jsinhdsbirgras**# i fehde on 1S Tilteyed on T m—;er ey anesoRNArng
with a 0.2 Fn nmenbrane. Phosphate buffer containing &3/% /@M{}) I'ween 80

and (for B st oﬂuc\éaﬁéb%ﬂﬁpl t‘cl }eeﬂEE/& ARIR™Oex BITAHE I Eo i pte
di lution. TheW hdLe oﬁ\e &gﬁicg n#e g?%&{ﬁl ] %Cdte{ adazd?s (F Phe

original fraction vo t€r ed m)noval ent
material is incubated at 22 2C for at nost 84 hours (dependent on the
virus strains, this incubation can be shortened). Phosphate buffer
cont ai ni ng 0. 25%(W/\Q. Tvveen 80 i s then added in order to reduce t he
total protei Rgle R fi ‘ g5 041 A5 a

phosphat e bufggligdr fa'd mnrésaqqm@eeaw%.pw%%(w V) Tueen 80 and 0.25 mM
Tocopherol sucCinate s applre on to reduce the total protein
content down to 250 Irg/m . Formal dehyde is added to a final concentration

of 50 pg/m and the inactivation takes place at 20C 2C for at |east 72

hours. zo 8. Utra8ltration The inactivated split virus material is
concent r aed M?mr\r@larsttﬁ@ ndspfithreestipinsy AfNewt Caldonia2@RP (HINHUVBeHE, Wi t h

cel l ul ose ac t rial i ubsequent |y
washed wi t h p gﬁt@?ﬁﬁﬂ!ﬁ%ﬁ?ﬁ%%@?%f Ys e dand
foll ow ng wi tahCMU@phht method escebkdsalExmeplednt ai ni ng 0. 01 % (w v). Tween. For
B 25 strain virus a phosphate buffered saline containing 0.0l % (wv) Tween
80 and 0.1 mM Tocopherol succinate is used for washing. 9. Final sterile
filtration Theonmierial after ultrafiltration is filtered on filter
menbranes ending with a 0.2 pm 30 nenbrane. Fitter nenbranes are rinsed and
the mater'fal is diluted if necessary such that the protein concentration
does not exceg [STaaciol nber 2004
concentration giﬂe"é tlég[ngﬁ}gi ?ﬂm‘\g/{nw?% pho%%gew%??elﬁ%kﬂ é%?%% cont ai ni ng
0.0l (w V) Tﬂ@@ﬂﬂ@@ﬂanﬂmﬁﬂmlB)rsdt/NaWrCaiAonué?@@‘)(HINIWHddé,pheroI succi nat e.

10. Storage red for a maxi mnum of
18 nont hs. B@e%@%@@dﬁ@“zﬁgﬁverﬁlzéw CCIIWFI 3\?2‘!‘%“‘%% nal bul ks of
three strai nsﬂmmxmmmv&kam&m TrHbANR) -~ 1omv¢re aBusitd 1o’y 4007/ 99
(H3N2) nd B/ Johappe bdrg{ 5/ 99 roduced accor to the
met hod dgé %‘% ﬁe%f:tfve ig‘bg@a volume was a Juste to 3 I with phosphate bu ered

saline. The trivalent pool was filtered ending with 0.8 um cellulose acetate membrane

to obtain the trivalent final bulk. Trivalent final bulk was filled into syringes at least
0.5 mL in each.
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product is preferred. Conclusions Both 1D and I M adm nistration of a

t hi o-reduced flu vaccine in an elderly population to can provide 100%
seroprotection. A conparable response to vaccination in ternms of geonetric
nmean titers, seroprotaction rates, seroconversion rates and conversion
factors was found in IMand )D vaccinated individual s Wagisgpidither Po@4 Oup
received 2.5-fold less antigen. | S There was no discerni bIe difference in
the overall ingi den?e of VaCCI n -reI at ed soI | Ci tedI unsolicited systemc
synptons in t;{z% THER e°r 2004 Exarrpl e 10 -
| nt r ader mal Lver df)‘ls f Y'E F"fsté ‘ "',’Fa el,

| munogeni ci ty °§;fm'f RS ?agta'f’crfaé?jﬁ?f’é il 7 pr epar ed
as descri bed rh r’rP’I e 9. (& e”Q thrftt the pooI i ng vvas done |ndependently
and the vaccigig toF 15“3 ?'?fm%ayrl nges) was assessed by >D delivery in

gui nea pi gs UG ?fc%e Gt Desdlie. o iouRs, 8, 2. a0l MpLs, eagh vere prined

intranasally A t;[/art!cma 4 nact uenza ‘virus containi ng

Slrg of egch - 93 voI ume of 200 Itl. Twenty-eight days after
pr| m ng the %to%%érs;%fa 'rtgb@lto?ﬂ.\bgyts %lh E&'ﬁrboé Ecrengé f{agglflgt?rcvacchgiﬁn It 9

i ntranuscul ar tra €s co

trival ent thlfag%gvégmcc%%m gecﬁ’@ .}. FI u in 0.1 n vvere adm ni stered in the

back of the gﬂp % S1 ng ? eedI ebo,%nd nmuscu {:1 e of 1.0

lrg triv ent o pmpo '0 OSDI ana" A1oh n| s RFee 1 n Ort‘h]g hind le
g as fol Q a n( 9

of the gui ne _gE af[? L(S e g)roups wer e as foIIovvs IS

Goup 1 -. Og qutrtz Gk tphtg)fg% ?o'kr REUYGEd15 Pl mg o) D gm i
I t | ent ropopl I t
o v en il pﬁﬁe{rs{f i il %; S BB

t hi omers eds FIu da ter i nation the aninals
were bl e? angl%flﬁ > E‘H Vt"fct"lfr'g i?uoggeﬂ Tﬁvbﬁ}“t"hoée‘ig’ T FEEPBh were
assessed usi ﬁ&"%t“g‘? 4re rPéﬁﬁ@ﬁF'a’F? Yfation inhibition assay (H). The '
results are shown in Figure 1. Strong H responses to all three strains
wer e i nduced by vaccination. No clear dose response was noted suggesting
that very | ow doses of thionersal-reduced antigen can still induce very
potent H antibody responses vvhen adm ni stered by the )D route There was
no signi f2scatixagplefs P2 : RZ4 j antig ‘ gtieredlsilng I M
vacci nati on. Thugé0 he'.re ults b ai ned i0 | nE __o s conflrrred t hat the
t hi ner osal - r evr N S e e 8 duce similar levels
of H antibodies in ani rrals vvhen deI|vered by the )D route conpared to the
I Mroute. 40 14 September 2004 Exanple 11 -Intradermal delivery o(a
t hi oner sal - r dtbnoedent gplitweedinedhsi ppépatrdnzevrdiag ¢ the fdllodtingmbedduienea pi gs were
primed on Day O with 5 1rg trivalent whole inactivated Flu virus in 2001r1,
|ntranas§iPIy Vaccination - Day 28 - Vaccine containing 0.1 Irg HA per
strain trivappéparftithl df viud ildcaRah ed as described in Exanple 9 (except that .
the pooling step resulted in a final concentration for each antigen of 1.0
lrg/m to gi (8 ks dwyebingrulation ofiembrypnatedeggs|a fresh ingayumds preparedby r ~ni i n
Exanpl e 9). dermal |y
s ng ¢ uber ol if &F orbibt YA R IR DD Bh bl

sulphate at 0.5 mg/m! and hydrocortisone at 25 pg/ml. {virus strain-dependent). The

35 virus inoculum is kept at 2-8°C.

Inoculation of embryonated eggs

Nine to eleven day old embryonated eggs are used for virus replication. Shells are

decontaminated. The eggs are inoculated with 0.2 mi of the virus inoculum. 60,000
40 inoculated eggs are incubated at the appropriate temperature (virus strain-dependent)

for 48 to 96 hours. At the end of the incubation peribd, the embryos are killed by

cooling and the eggs are stored for 12-60 hours at 2-8°C.
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unadjuvanted, in 100 Irl. Bleeding - Day 42. 15 The effect of adjuvantation
was assessed by neasuring antibody responses by H assay (day 0) 28, 42).
Al'l 1D experinments were carried out using a standard needle. 2n Results G

| -GS refer to 5 groups of guinea pigs, 5 per group. 25 G I Split trivalent
thi onersal reduced 0.1 ug GZ Split trivalent thin red iy L
SOrg G3 Split trivalent thiored 0.1 wg + 3D MPL IOquTééllS%g%Pe%ﬁoygl ent
tliiored 0.1 Itg + 3DMPLin 501rg + @S2I SAOrg GS Split trivalent thio red
0.11rg + 3D-M¥4arMest O eg + Q521 | Arg 30 Note 3D-MPLin + Q521 refers to an

adj uvant for Fon -Whi.ch conpri.se uni | gmel tar vesicl e conprising
chol esterol , %gyﬁﬁ‘%é%?@!ﬁa%‘g?a@?as% ?ﬂaéeﬁﬁggwawasmd- dHrealbhite 49|
chol i ne, wher &iliftlhé: £faRbiAMAd sholidhkd¥Eedf € associated with, or 41 14

Sept enmber 2004 enbedded within, the |ipi i layer. Such adjuvant
fornmul ati ons are described in EP 0 822 831 B,the disclosure ofwhich is

i ncor por at ed bgh&ntrali¥n 4fd BLARERiontdr wH Lafthais () edoni a/ 20/ 99
NCPr e i mnpr eheentiatin hid pLAE '°§16§’?&£%‘§§‘?3%f%%&%§68@L 5 ~10 J243
H Titres anti-A/ Panana/ 2007/ 99 PPre-

i nmunPr e- boos&ﬁgﬁ-} :,‘H 0st G154857760@&252797760G35485891 44748547051 GS53201782

9 10 H Titres anti- Johannesbur g/ 5/ 99 JPre-

i MuNPr e- boosTiRdsitvelted allGtdi80i8 44 il Dy SRRk taT0G0&] SaRHkeafich &?}g%?ZO | S
Thus, whe}oher gj u]v§1&i1 d or unadjuvanted the thionersal -reduge trival ent
split Flu ant‘f(@ 7 i Ebot ent i munogen and capabl e of inducing strong Hi
responses when admnistered by the ID or |Mroute. These responses appear
to be at | east as potent as the responses induced bythe standard Fluarix

" preparation. Enedipitatigmitep 12- Conpari son of thi onersal - cont ai ni ne and

t hi onersal -fr del | \er Lntradermallv. in pi ES. In order to assess

the i mmnogens:%@]lr%t{tgd: %?’p'tg ?{gﬁ'ss lpqulﬁf g@?%”\/‘%%ﬁﬂéo {hﬁlcli’grﬁﬁﬁﬁmfﬁ RegtiogeAchder sal )

admi ni st er ed flml ddveori BnsoltecdrdentatibB 0Bigo U Aler VATNURARN Sy [g vast 42
15 hour, the precipitate is removed by filtration on depth filters {typically 0.5 um)

Filtraﬁon
The clarified crude whole virus bulk is filtered on filter membranes ending with a

validated sterile membrane (typically 0.2 pm).

20
Ultraﬁitratian
The sterile filtered crude monovalent whole virus bulk is concentrated on a cassettes
equipped with 1000 kDa MWCO BIOMAX™ membrane at least 6 fold. The
concentrated retentate is washed with phosphate buffered saline at least 1.8 times.
25

Sucrose gradient centrifugation
The influenza virus is concentrated by isopycnic centrifugation in a linear sucrose

gradient {0.55 % (w/v)). The flow rate is 8 - 15 litres/hour.

30 At the end of the centrifugation, the content of the rotor is recovered by four different

fractions (the sucrose is measured in a refractometer):

- fraction 1 55-52% sucrose
- fraction 2 approximately 52-38% sucrose
25




14 Septenber 2004 majority of the popul ati on has experienced at | east one
infection with influenza an influenza vaccine nust be able to boost a
pre-existing i mune response. Therefore aninmals are prined in an effort to
best sinulate the human situation. In this experinent 4 week old pigs were
prinmed by the intranasal route. Six groups of five ani pri med
as follows: Goup 1 - tw primngs of trivalent whole Fﬁa%?ﬂﬁ\%@ gﬁcﬁrus (50
hg each HA) at day 0 and 14fraq§eadp 2 38-30keSYsFISAi ngs of trival ent whol e
inactivated virus (50 [tg egggqiogtg) atypday, He@nd 14, Goup 3-single primng
with trival ent whole inactivated virus (50 ug each HA) at day O0; Goup 4 -
two prim ngs *ofinystraal-dapendshvl e fravtion B eart bakeduacd o 196 @Bogsg each HA) at day
0 and 14; Goup 5 - single primng of trivalent whole inactivated virus (25
hg each HA) at day 0; Goup 6 - two primngs of trivalent whole inactivated
virus ( 13.5 Hot @irechuckii} prebardidon, Gitlesn dnlk4rac@nsddy ustd op fattidn Nwaketheri M ng,
the animals were vaccinated with. 3 Irg each HA trivalent split antigen
(strains A Nitheehgmuahied ﬁ'ﬁﬂ‘{"“;&/%‘l‘?&ﬁﬁ H3N2, and IS B/ Johannesburg ) in
100 hl by the )D route. Goup 1 received standard Fluari X~ contai ni ng

t hi onersal preservative as vaccine antigen. Al other groups received the
preservat i ve-Fracgen 3t Waghed biT¢iefikatiprewith pRosphatabuféad i prdenfogediepthei nent are

shown in Figure 2 nti-lnfluen magel ut | b o8- 1 0hi biti.on .1

| nduced in Pis‘é%'ﬂﬁsrclg)@gﬁg t\?via{’rl"{mélm@gc?*' Q{i?/wg%" Al%t{agélhp@]os s@sﬁ?%ﬂ%"%‘%%ﬁat ed
Wi th 3 M ®roghfighzalvihe areait il thid diRNeddrabtitn §@elldtbdi® ramodd svhblelhi oner sal by
the Intradermal Route). Relatively low H titers are induced to the B
strain in thicSn@RPapSnent and the background against the AIH3N2 strain is
hi gh. A beneficial effect in terns of response to vaccination is observed
when the prim ng dose is reduced. In alnost all 25 cases, reduction in the
anti gen conc@he pellst srresnspendedband theropghilyrinivegd do slelain@rhomnzerrous WsPISIOR ngs
with 50 Irg) resulted,] I aht I i LN, ite the
Fesponse of FRETght g b8t REbrpRaRalaGe pRaNPaRl SCUAR M T, | (90
| eg, to viaccCiadddditebbtain nallursOofapprbaithately #0 &iprpe dftds. prodect idthe monovalent
preservative-fr?e_anti en QGroup 2) functions at least as well as Fluarix~
(Group I) unddeleR¥SEOEERTR'Si ons. A strong 43 14 Septenber 2004 response
to vaccination with preservative-free trivalent influenza antigen ‘
adm nistered by the IDroute in the alternatively prinmed aninmals (G oups
3-6) is cl eaBugkege gradient senirifngation ‘ﬁ@eﬁ?dé%ﬁe?’ﬁﬁ’cgﬂéteB strain, although the
H titers r el thohGWierd fhotedrmehsl Nﬁ:s%énéﬁ@&@%?liaﬂgﬁ ENILMaAVl | nact i vat ed
i nfluenza virus preparation conprising a haemagglutinin antigen stabilised
in the alesenolraoénttifogeriithed@ rotop comtbing olindap suskose gfadidnt Ky Bdw/v)ikerein t he

haemaggl utinin.is detectable by a assa an erejn_t ation
conpri ses a- F?ﬂf’b‘ﬂﬁg?’iylcg%lﬁlﬁgfaﬁ'h%élsiaﬁgg%%? CTiaE ‘ga%n{gﬁerﬁeéoggpg%%?ﬁ& the HA.
10 2. The i nggitiivgde@d 0. GeNzad Totdheitsapdinat isaddaicooBdimip viaseshupiton 1
wherein the a-tocopherol  succinate is ﬁ;esent at . a .conce ;g&%l on .between 1
u~-m and | ORg/AM: Themaximy] sedipmeayycholpie saRceatationgs 5?195 + @Y% cor di ng
to claim?2 V"Q@&iﬁhgbeﬁa 1ATLOSAPRRE Rl SHUrEBtkdiAlgr.i S present at a concentration
between 10 and 500 ug/m . is 4 The inactivated influenza virus preparation
accordingito any one of clains 1 to 3 wherein the influenza virus antigen

preparation i,s.selected fromthe grou q{ﬁ]is I | i j i gen
preparations ﬁgﬁbeﬂﬁf'f&gﬁfri'ta é“,'onc éar%m(%g\%l y oer&g?%ég%@%dib%éwd# %ﬁgfiegeg{ whol e
virus. zo 5 TFhagidng@hé kutadse s medshied iz arefiattomerer)dractiah 2dsuseddorfditiy t 0 cl aim

4 wherein the inf|luenza anti gen_preparati.on,l split virgus antigen

prepar at i on. PECIHEE] ﬁa&rpfw%at f°ﬁf’?‘8@ﬁ ‘é”“?fﬂf‘t‘iatgpé A58 EEPEF ng to any
one of clai MgydlistRed 2Rz SRS Ng both A and B strain haemaggl utinin. The
i nactivated influenza virus preparation according to claim6 which is a
trival ent3%i nfl uenza virus preparation. 30 8 The inactivated influenza virus
preparation §Pe?ﬁ£ﬂ£&PaQi 1,0 any preceding claim conprising stabilised B
strain influenza “URY i nfiuenza vacci ne conprising the influenza virus
preparati on TaEpinlvings fractianys fireeeddn filled membiarkeneBling\WANDED (GHEET 46 14

Sept enber 2004 .. .
P membrane. Phosphate buffer containing 0.025 % (w/v) Tween 80 and {for B strains)

26



10 The influenza vaccine according to claim9 wherein the concentration of
haemaggl utinin antigen for the or each strain of influenza is 1-1000 | sg
per m, as neasured by a SRD assay. | 1 An influenza vaccine according to
claim9 or 10, additionally conprising an adjuvant. 12 A nmethod for
preparing a stabl e haemaggl utinin antlgen mhlch met hod Ps gﬁgp[ecg
purifying the esenc er.o errvative

t her eof such a@yghv?ﬁg%jﬁﬁglyg‘l’ccgﬁgdf i 5‘“ dilgt“i(‘ ﬁggﬂﬂﬂ ‘Toéi’rmep‘%d%(} ltexsd s of

i nfluenza i nf efedctiamn? irs g &QRSErigifh) Fa&idy) vofimeWhi ch met hod conpri ses

adm nistering to the subject a vaccine according to clains 9 - 11. IS 14 A
met hod according to claim 13, in which vaccine delivery is intradermal

i ntranasal , inhh@rdg8ey! ar, oral or subcutaneous. | S Use of a-tocopherol or
succinate as a haemaggl utinin stabiliser in the 20 manufacture of an

i nfluenza vacdihadltera/ENDER I SHERERANS erubated at 22+2°c for at most 84 hours

INnD/ N/ NN - /l\V N NL/N ' p @ NW NR/NPPt/N|4/NL/Nm
/ NP/ N/ Nl Nc ‘%ﬂ\?’]‘ﬁfﬁn&"ﬁff’ﬂ“ﬁ/ ‘Hﬁf'i\‘]" ’\Kﬁhﬂﬁmé SRR Mefferpo7)
>6 contammg 0.025% (w/v) Tween 80 is then added in order to reduce the total ]protem

d | gb
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- caV] ca] ca)xa] Thd ioattivaikd silit airesthatafidag mbﬂxd{ég’éf‘leaﬁz)fold :ﬁ/ﬁnma&hb@@c d~dd”

o) Do A e e

F r.r sXuuuCvv ?WeRabsugieitry Madhed Wit itk B@fl’&@&:ﬁﬁhﬁ@]@@ds% [¢R) §akGAdsal cal cal c
a] ca] ca] ca] ca] a}] ca] cal ca] ca] c c cal calcalca ca] caVv] ca aI {{<||]|c}}~—~~
2" nd following with phosphate bu crc salme contaimng .01 % (w/v) Tween. For B-

O3l vkl st seducablrathnatca thraLoaliaalbahoatlaPhoahlaghsed cal cal

ca Ucna Uc”raU ca] ca]calca]calca calJ ca
cv| a=Kh"i ¥z| Wnﬁwﬂmmaf]sm]sc&]ma]asia]g:a] calU] ca].ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] cal] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] cal] ca

1Si 1 R$' *! zI N{vgkf [ Vmhc”Y] ] ca] ca] c™a] cal] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca
] cal] ca] ca] c Hihaatdrilafitedtiva] ca] cal] ca] ca] ca] ca] cal] ca] ca

9H&DNPI pbhsJv>FI zu kf a\ VK © [ Vimhe” cal ca] ca] ca]ca] caJca

Ul c”a] c’F\) a] cale 4 HP%’H]‘%‘&T ;]A]ILEPJL% U]er:!na ma]es CD]dmg witha 0.2 pm

U]ZEy?]nlcg’L‘J]Xg?rLl} cal ca] caU] ca| caﬁ&?c%%ggihgmtem]l me lfn al']”caaU] ca] callc
a}\/lig/vg E]U(r%}?ga mp@motﬁ%@“&qmﬁﬁ#@&}(my O e aflmcp:'l;]ﬂsphane bllj]ffgrae]i (S:zgi]ng ay] ca] ca]
ca Ul cna] g" %EP;%&%O’?% ){Jﬁwfxﬁfwc;\ek %g]%aasyfblc ?J fg]' %éf% éfmca] cal] ca] caNv

. 7: J69YU- { vglTabdp¥adylshedicad. ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cay

ca] ca] ca] cal] ca] ca] caU] ca] cal] ca] caU] cal] ca] caU] ca

4/ 69LW\ ?D~yt oi d_Znh] ] c] ] ca] ca] cal] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal) ca] ca] ca]
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Harvesting of the Wholc virus is followed by the precipﬁation step (armnonilim sulfate
precipitation). This is followed by the clanfication step where the fluid is clarified by
15  moderate speed centrifugation (range 4000 — 14000 g). Thus the order of the

precipitation and clarification steps is reversed compared to Example 5a.

Sterile filtration, ultrafiltration and ultracentrifugation (sucrose gradient

centrifugation) steps follow as for Example 5a. However, there is no need for
20 reprocessing step of the fractions resulting from the ultracentrifugation step.

The remaining steps in the process are as described in Example 5a.

Thus, the summarised process in this example is as follows:

25
Harvest
Precipitation (ammonium sulfate)
Clarification
Sterile filtration
30 Ultrafiltration
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20 Monovalent final bulks of three strains, A/New Caldonia/20/99 (HIN1) IVR-116,
A/Panama/2007/99 (H3N2) Resvir-17 and B/Yamanashi/166/98 were produced

according to the method described in Example 5.

Pooling
25
The appropriate amount of monovalent final bulks were pooled to a final HA-
concentration of 30 pg/mli for A/New Caldonia/20/99 (HIN1) IVR—l]G;
A/Panama/2007/99 (H3N2) Resvir-17, respectively and of 36 pg/mil for
B/Johannesburg/5/97. Tween 80 and Triton X — 100 were adjusted to 580 pg/ml and
30 90 pg/ml, respectively. The final volume was adjusted to 3 I with phosphate buffered
saline. The trivalent pool was filtered ending with 6.8 pm cellulose acetate membrane
to obtain the trivalent final bulk.Trivalent final bulk was filled into syringes at least
0.5 mL in each. |
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Influenza vaccine A/NCal/20/99 |34 35 34
containing - :
alpha-tocopherol succinate | A/Pan/2007/99(33 33 34
B/Joh/5/99** [29 25 28
*Formulation was based on target concentration of 39 pg/ml. **Formulation was

5  based on target concentration of 34 pg/ml.

Example 7 — Preparation of influenza virus antigen preparation using sedium

gﬂm}l sulfate as a stabiliser for a preservative-free vaccine (thiomersal-reduced

10  vaccine)

Monovalent whole virus concentrate of B/Johannesburg/5/99 was obtained as
described in Example 1.

15 Sucrese gradient centrifugation with sodium deoxycholate
The monovalent whole influenza virus concentrate is applied to a ENI-Mark II
ultracentrifuge. The K3 rotor contains a linear sucrose gradient (0.55 % (w/v)) where a
sodium deoxycholate gradient is additionally overlayed. Tween 80 is present during
splitting up to 0.1 % (w/v). The maximal sodium deoxycholate concentration is 0.7-

20 1.5% (wfv) and js strain dependent. The flow rate is 8 — 15 litres/hour.

At the end of the centrifugation, the content of the rotor is recovered by three different
fractions (the sucrose is measured in a refractometer) Fraction 2 is used for further
processing. Sucrose content for fraction limits (47-18%}) varies according to strains

25 and is fixed after evaluation:
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stabiliser After production 4 weeks at 30°C
B/Johannesburg/5/99 | None* 182 139 (77 %)
B/Johanneshurg/5/99 | Sodium lauryl 288 264 (92 %)
sulfate

* produced according to Example 7 without addition of sodium lauryl sulfate

s  Example 8 — Preparation of influenza virus antigen preparation using Plantacare

or Laureth-9 as a stabiliser for a preservative-free vaccine (thiomersal-reduced

vaccine)

.Monovalent whole virus concentrate of BfYamanashi/166/98 was obtained as

10 described in Example 1.

'Fragmentation
- The monovalent whole influenza virus concentrate is diluted to a protein
concentration of 1,000 pg/ml with phosphate buffered saline pH 7.4. Either
15  Plantacare® 2000 UP or Laureth-9 is added to a final concentration of 1% (w/v). The
material is slightly mixed for 30 min. Then the material is overlayed on a sucrose
cushion 15%.(w/w) in a bucket. Ultracentrifugation in a Beckman swing out rotor SW

28 is performed for 2 h at 25,000 rpm and 20°C.

20  Sterile filtration

A supemnatant was taken for further processing. The split virus fraction is filtered on

filter membranes ending with a 0.2 pm membrane.

Inactivation
25  Phosphate buffered saline is added if necessary in order to reduce the total protein

content down to max. 500 ug/ml. Formaldehyde is added to a final concentration of

100 pg/ml and the inactivation takes place at 20°C + 2°C for at least 6 days.

Ultrafiltration

32




) & ()-/hGl0% ) & ()-/hGl0% ) & ()-/_7?C4/10hGl0% ) & ()-/hGL0%)
& ()-/hGl0% ) & ()-/hGl0% ) & ()-/hGl0%) & ()-/hGl0% ) & ()-/0S3C4/ hGl0% )
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& ()-/_?CA/hGhGL0% ) & ()-/hGl0% ) & ()-/hGl0% ) & ()-/hGl0% ) & ()-/hGL0%
14 September 2004

Tween 80 and Triton X 100 is adjusted in the inactivated material to 0.15% and 0.02

10

15

20

25

% respectively. The inactivated split virus material is concentrated at least 2 fold in a
vltrafiltration unit, equipped with cellulose acetate membranes with 30 kDa MWCO.

The Material 1s subsequently washed with 4 volumes phosphate buffered saline.

Final sterile filtration
The material after ultrafiltration is filtered on filter membranes ending with 2 0.2 um
membrane. Filter membranes are rinsed and the material is diluted that the protein

concentration does not exceed 500 pg/ml with phosphate buffered saline

Storage
The monovalent ﬁ_nal bulk is stored at 2 — 8°C.

Table 8. Comparison of ti;‘ne dependent HA content measured by SRD in monovalent
final bulks.

stabiliser After grgduct_ion' 4 weeks at 30°C
BfYamanashi/166/98 | None: 143 98 (68 %)
B/Yamanashi/166/98 | Plantacare® 2000 {476 477 (100 %)

up
B/Yamanashi/166/98 | Laureth-9 468 494 (> 100%)

Example 9 - Clinical testing of a-tocopherol stabilised influenza vaccine (reduced

thiomersal } in the elderly via TD and IM administraticn

A Preparation of influenza virus antigen preparation

Monovalent split vaccine was prepared according to the following procedure.

Preparation of virus inoculum
On the day of inoculation of embryonated eggs a fresh inoculum is prepared by

mixing the working seed lot with a phosphate buffered saline containing gentamycin
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sulphate at 0.5 mg/ml and hydrocortisone at 25 pg/ml. (virus strain-dependent). The

virus inoculum is kept at 2-8°C.

Inoculation of embryonated eggs

5  Nine to eleven day old embryonated eggs are used for virus replication. Shells are
decontaminated. The eggs are inoculated with 0.2 m] of the virus inoculum. The
inoculated eggs are incubated at the appropriate temperature (virus strain-dependent)
for 48 to 96 hours. At the end of the incubation period, the embryos are killed by
cooling and the eggs are stored for 12-60 hours at 2-8°C.

10

Harvest
The allantoic fluid from the chilled embryonated eggs is harvested. Usually, 8 to 10

ml of crude aliantoic fluid is collected per egg.

15 Concentration and purification of whole virus from allantoic fluid

1. Clarification

The harvested allantoic fluid is clarified by moderate speed centrifugation (range:

4000 - 14000 g).

20 2. Adsorption step
To obtain a CaHPQ, gel in the clanified virus pool, 0.5 mol/L Na,HPQ4 and 0.5mol/L

CaCll; solutions are added to reach a final concentration of CaHPO,0f 1.5 gto3.5¢
CaHPOy/litre depending on the virus strain.

25 After sedimentation for at last 8 hours, the supernatant is removed and the sediment
containing the influenza virus is resolubilised by addition of a 0.26 mol/L EDTA-Na,

solution, dependent on the amount of CaHPO, used.

3. Filtration

30 The resuspended sediment is filtered on 2 6um filter membrane.

4. Sucrose gradient centrifugation
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The influenza virus is concentrated by isopycnic centrifugation in a linear sucrose
gradient (0.55 % (w/v)) containing 100 pg/ml Thiomersal. The flow rate is 8 — 15

htres/hour.

5  Atthe end of the centrifugation, the content of the rotor is recovered by four different

fractions (the sucrose is measured in a refractometer):

- fraction 1 55-52% sucrose
- fraction 2 approximately 52-38% sucrose
- fraction 3 38-20% sucrose*

10 - fraction 4 20- 0% sucrose

* virus strain-dependent:  fraction 3 can be reduced to 15% sucrose.
For further vaccine preparation, only fractions 2 and 3 are used.

15 Fraction 3 is washed by diafiltration with phosphate buffer in order to reduce the
sucrose content to approximately below 6%. The influenza virus present in this

diluted fraction is pelleted to remove soluble contaminants.”

The pellet is resuspended and thoroughly mixed to obtain a homogeneous suspension.
20 Fraction 2 and the resuspended pellet of fraction 3 are pooled and phosphate buffer is
added to obtain a volume of approximately 40 litres, a volume appropriate for 120,000

eggs/batch. This product is the monovalent whole virus concentrate.

5. Sucrose gradient centrifugation with sodium deoxycholate

25 The monovalent whole influenza virus concentrate is applied to a ENI-Mark II
ultracentrifuge. The K3 rotor contains a linear sucrose gradient {0.55 % (w/v)) where a
sodium deoxycholate gradient is additionally overlayed. Tween 80 is present during
splitting up to 0.1 % (w/v) and Tocopherol succinate is added for B-strain- viruses up
to 0.5 mM. The maximal sodium deoxycholate concentration is 0.7-1.5 % (w/v) and

30  is strain dependent. The flow rate is 8 — 15 litres/hour.

At the end of the centnfugation, the content of the rotor is recovered by three different

fractions (the sucrose is measured in a refractometer) Fraction 2 is used for further
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processing. Sucrose content for fraction limits (47-18%) varnies according to strains

and is fixed after evaluation:

6. Sterile filtration

5  The split virus fraction is filtered on filter membranes ending with a 0.2 pm
membrane. Phosphate buffer containing 0.025 % (w/v) Tween 80 and (for B strain
viruses) 0.5 mM Tocopheral succinate is used for dilution. The final volume of the

filtered fraction 2 is 5 times the original fraction volume.

10 7. Inactivation
The filtered monovalent material is incubated at 22 + 2°C for at most 84 hours
| (dependent on the virus strains, this incubation can be shortened). Phosphate buffer
containing 0.025% (w/v). Tween 80 is then added in order to reduce the total protein
content down to max. 250 pg/ml.. For B strain viruses, a phosphate buffered saline
15 containing 0.025% (w/v) Tween 80 and 0.25 mM Tocopherol succinate is applied for
dilution to reduce the total protein content down to 250.pg/.ml. Formaldehyde is

added to a final concentration of 50 pg/ml and the inactivation takes place at 20°C

29C for at least 72 hours.

20 8. Ultrafiltration

The inactivated split virus material is concentrated at least 2 fold in a ultrafiltration
unit, equipped with cellulose acetate membranes with 20 kDa MWCO. The Matenial ‘ -\
is subsequently washed with phosphate buffer containing 0.025 % (w/v) Tween 80 /
and following with phosphate buffered saline containing 0.01 % (w/v) Tween. For B

25  strain virus a phosphate buffered saline containing 0.01% (w/v) Tween 80 and 0.1

mM Tocopherol succinate is used for washing.

9. Final sterile filtration
The material after ultrafiltration is filtered on filter membranes ending with a 0.2 pm
30  membrane. Filter membranes are rinsed and the material is diluted if necessary such

that the protein concentration does not exceed 1,000 ug!mI but haemaggiutinin
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GMT oMT, LL| uL| oMT LL] UL

A/NEW CALEDONIA | PRE 9.5 76.9 | 128.7| 900 0.1 | 11587
PosT | 1651 [ 129021 211.0| 1743 1333} 2279
A/PANAMA PrE 75.5 547) 1042 692 519 | 924
Post | 1286 99.1| 1668 | 164.3 126.0 | 214.1

B/JOHANNESBURG PRE 2360 | 1877 | 2968 | 2226 176.9 | 280.2
POST | 341.2 1 276.0 | 421.7 | 4024 312.1 | 5189
Seroconversion rate o LL UL Vel LL UL
A/NEW CALEDONLA 15.4 76| 265 18.5 | 991 300
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Conversion factor GMR | LL UL { GMR 1L UL
A/NEW CALEDONEA 1.7 1.4 2.0 19 1.6 2.3
APANAMA | 1.7 1.4 2.1 24 19 3.0
B/JOHANNESBURG 1.4 1.2 1.7 1.8 1.3 2.1
Seroprotection rate % LL ‘ UL! % LL UL

A/NEW CALEDONLA PrE 877 172 94.5 | 90.8 81.0 96.5

PosT 023§ 830 97.5 | 96.9 89.3 99.6

A/PANAMA PRE 7541 631 852 Bl15 70.0 90.1

Post 90.8 | 81.0 96.5} 93.8 85.0 08.3

B/JOHANNESBURG | PRE 985| 917 | 1000] 969 | 893 | 9.6

PosT | 100.0}| 945 | 100.0 | 985 91.7 100.0

N: number of subjects with available results; %: percentage of subjects within the given parameter;
LL/UL: tower and upper limit of 95% CI; Pre: at the time of vaceine administration; Post: 21 days afler the vaccine dose

Injection site pain, reported by 10/65 (15.4%) vaccinees, was the most common,
symptom following IM administration of Fluarix™, In the ID group, pain was -
reported by 3/65 (4.6%) vaccinees. This difference was statistically sig‘ni_ﬁcant
(p=0.038; Fisher exact test). Accordingly the ID delivery of a thiomersal reduced

product 1s preferred.

Conclusions

Both ID and IM administration of a thio-reduced flu vaccine in an eiderly population

can provide 100% seroprotection.

A comparable response to vaccination in terms of geometric mean titers,
seroprotection rates, seroconversion rates and conversion factors was found in IM and
ID vaccinated individuals where the ID group received 2.5-fold less antigen.

There was no discemible difference in the overall incidence of vaccine-related

solicited/unsolicited systemic symptoms in the two treatment groups.

3¢



10%@@& ()- 10%@@ ()- 10%@@& ()-)?Y A" _bc~yY9) 10% 10%@@& () -
10%@r@ ()- 10%@@x ()- 109%@*@ ()-)°?Y A" 10%@@ ()-yY9) 10% 10%@@ () -
109%@@ ()- 10%@@ ()- 10%@ @ ()-)?Y A" 10%@@ ()- 7yX7) 10% c1l0%t& () -
c910%#& ()- c9010%& ()- 10%@ @ ()-)?Y A" 10%@@ ()-,D& [:) 10%

c,) 10%#& ()- c+ 10%#& ()- c)10%t& ()- c\&10%t& ()- c$10£¢f%{, miSer 2804
109%6&' () - z&yu [ ) 10% CTLO%HE: () c6y100/# ) 41096 ccllOO/#&'()
c/)10% & ()- cExamplesg ermal geliye T EElAE O B2 S Y AT ine
o%/w/%v& ()- 10#10#10# c<109%& ()- cCQDlO%#&' ()- #z|[ vU4 10 c cPV
10%W & () - Z CIeMbHO %M IS £ (He- tRiom¥kQ AN éam iAW BE frkparkd as1 090V & () -
cs<109W &' () - UHzY8vU4A "10 c+ 109%W 9& ()-- c) 710%W om& ( 3

cO@10% Y& (f}mnwfn BxoompdaRi(ex r:piﬂ@%#pqrdm/wm&m@mdcpenmwmnqt)heHs p|[:vUs

10 gww@%cél%e ?%41%08@%% %F%e%?%gs%e% bS/)ID de nlreor;)r gumea(p}gs using

\/\LLO%(! & () - qwlOgeadaid(needjevl 09! & ()-q ¢ 10%! & () - 10w 910w %avi0w %w c;
109V &' () -' -18_?{[; 10

1 1 1 0 1 - P
' \Qllgiyﬁ{f‘ (%I. qufl@ é%psgbf(s)angnmfso g{ioéfI} %el(e)pn O(V alngLsa 12' wgl?i %{o?%gc{wlat%d Qva%Bg' '

#3/ bwl0%x! & ()mammh&cbamﬂm@mb&e:(c)xm\&.(%{afwmmlﬁsédvﬂ doRaty dight 10
wWLOW! & () - q#3/ bwlO%! & () - qwl0%! & () - gwlOo%! & () - qwl0%! & () -qqyz{|} hd[;
10 W days after priming the animals were vaccinated by either the intradermal or

0L ) R R SRR S L 1

thiomersal-reduced split Flu in 0.1 mi were administered in th_e back of the guinea pig

using a standard needle An intramuscular dose of 1.0 pg trivalent thiomersal-reduced
split Flu was administered in the hind leg of the guinea pig in a volume of 0.1 ml. The

groups were as follows:

15 = Group 1 -0.1 pg trivalent thiomersal-reduced split Filu ID;

Group 2 ~ 0.3 ug tnivalent thiomersal-reduced split Flu ID;

+ Group 3 ~ 1.0 pg trivalent thiomersal-reduced split Flu ID

Group 4 — 1.0 pg trivalent thiomersal-reduced split Flu IM

Fourteen days after vaccination the animals were bled and the antibody titers induced
20 by the vaccination were assessed using a standard hemagglutination inhibition assay
(HI). The results are shown in Figure 1. Strong HI responses to all three strains were
induced by vaccination. No clear dose response was noted suggesting that very low
doses of thiomersal-reduced antigen can still induce very potent HI antibody responses
when administered by the ID route. There was no significant difference between the
25  Hltiters induced by ID or IM vaccination. Thus, the results obtained in guinea pigs
confirmed that the thimerosal-reduced trivalent split influenza antigens induce similar
levels of HI antibodies in animals when delivered by the ID route compared to the IM

roufe.
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embedded within, the lipid bilayer. Such adjuvant formulations are described in EP 0

822 831 B, the disclosure of which is incorporated herein by reference.

HI Titres anti-A/New Caledonia/20/99

NC Pre- Pre-boost | Post-boost
immun
Gl 5 10 92
G2 ] 10 70
G3 5 11 121
G4 7 0 368
G5 5 10 243

HI Titres anti-A/Panama/2007/99

P Pre- Pre-boest | Post-boost
immun
Gl 5 485 7760
G2 5 279 7160
G3 5 485 8914
G4 7 485 47051
a5 5 320 17829
10
HI Titres anti-B/Johannesburg/5/99
J © Pre- Pre-boost | Post-boost
immun
Gl 5 23 184 .
G2 5 13 121
G3 5 11 70
G4 6 i5 557
G5 5 13 320
15
Thus, whether adjuvanted or unadjuvanted the thiomersal-reduced trivalent split Flu
antigen is a potent immunogen and capable of inducing strong HI responses when
administered by the ID or IM route. These responses appear to be at least as potent as
the responses induced by the standard Fluarix preparation.
20

Exampie 12 — Comparison of thiomersal-containing and thiomersal-free vaccine

delivered intradermally in pips.

In order to assess the immunogenicity of the split Flu vaccine (plus and minus

thiomersal) administered by the ID route the primed pig model was used. As the vast
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antmals are primed in an effort to best simulate the human situation.
In this experiment 4 week old pigs were primed by the intranasal route, Six groups of

5 five animals each were primed as follows:

Group | — two primings of trivalent whole inactivated virus {50 pg each HA) at day 0
and 14; Group 2 - two primings of trivalent whole inactivated virus (50 pg each HA)
at day O and 14; Group 3 — single priming with trivalent whole inactivated virus (50
ng each HA) at day 0; Group 4 — two primings of trivalent whole inactivated virus

10 (25 pgeach HA) at day 0 and 14; Group 5 — single priming of trivalent whole
mactivated virus (25 pg each HA) at day 0; Group 6 — two primings of trivalent whole

inactivated virus (12.5 pg each HA) at day 0 and 14.

On day 28 post final priming, the animals were vaccinated with 3 ug each HA
trivalent split antigen (strains A/New Caledonia HINTI » A/Panama H3N2, and

15 B/Johannesburg ) in 100 ul by the ID route. Group 1 feceived standard Fluarix ™
containing thiémersal preservative as vaccine antigen. All other groups received the

preservative-free antigen.

The HI results obtained in this experiment are shown in Figure 2 (Anti-Influenza
Hemagglutination Inhibition Titers Induced in Pigs Primed with a Variety of Antigen
20 Doses and Vaccinated with 3 Micrograms Trivalent Influenza Antigen Plus or Minus

Thiomersal by the Intradermal Route).

Relatively low HI titers are induced to the B strain in this experiment and the
background against the A/H3N2 strain is high. A beneficial effect in terms of
response o vaccination is observed when the priming dose is reduced. In almost all
25 cases, reduction in the antigen concentration or number of priming doses (from the
two primings with 50 pg) resulted in a heightened response to vaccination. While the
response of the animals in Groups 1 and 2, which were primed twice with 50 pg, to
vaccination is not so evident, it appears that the preservative-free antigen (Group 2) -

functions at least as well as Fluarix™ {Group 1) under these conditions. A strong
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5 The inactivated influenza virug prcparatxon according to claim 4 wherein the

influenza antigen preparation is a split virus antigen preparation.
6 The inactivated influenza virus preparation according to any one of claims | to
25 5 comprising both A and B strain haemagglutinin,

7 The inactivated influenza virus preparation accordmg to claim 6 which is a

trivalent mﬂuenza virus preparation.

30 B8 The inactivated influenza virus Preparation according to any precedmg claim,

comprising stabilised B strain influenza HA.

9 An influenza vaccine comprising the influenza virus preparation according to
any one of claims 1 to 8.
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10 The influenza vaccine according to claim 9 wherein the concentration of
haemagglutinin antigen for the or each strain of influenza is 1-1000 Hg perml, as

measured by a SRD assay.

11 Aninfluenza vaccine accordmg to claim 9 or 10, additionally comprising an

adjuvant.

12 A method for preparing a stable haemagglutinin autigen which inethod .
10.  comprises purifying the antigen in the presence of a-tocopherol or a derivative

thereof such as a-tocopherol succinate.

13 A method for prophylaxis of influenza infection or disease in a subject which
- method compnses administering to the subject a vaccine according to claims 9-11
-15
14 A method accordmg to claim 13, in which vaccine dehvery iIs intradermal,

mtranasal intramuscular, oral or subcutaneous

15 Use of a-tocopherol or succinate as a haemagglutinin stabiliser in the

20 manufacture of an influenza vaccine.
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