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be adsorbed onto an alum nium salt such as al um ni um
phosphate. In a further enbodi nent the Vi

sacchari de(s) nmay be adsorbed



onto a m xture of both alum ni um hydroxi de and

al um ni um phosphate. I n one enbodi nent the Vi
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capsul ar saccharide conjugat%§ of the invention may
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detoxified, or a detoxified mutant) fromS. pneunoniae
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i nvol ves reductive am nation of the sacchari de,
coupling the resulting am no group with one end of an



calcium iron or zinc, or may be an insoluble

suspensi on of acylated tyrosine, or acylatcd sugars,

or wegeodzsss@noni cal |y or ani oni cal |y deri vat i meEwp2007/059390
sacchari des, pol yphosphazenes, bi odegradabl e

m cros Q@S%E% pﬁ% '

deri valtO ?f\?cres 2 Cmﬁg g{ééh t ox‘?dglln?%t% )mvela{eugic% @t&g e
VPLoptogan #luwml@ap%hwqh ap atg@@znumﬂwér@rud@ EIP @Qﬁm‘)odiment the
Fr %% ‘f’mt &og{p h@tuEv ﬁ\gﬂnl'%%nf)e é@ofbg&’ olg@ 6315 Huﬁlssalt such as

Detroit, uvant o5 ( Mer any,

I n@lunuﬂaﬁyﬂysphmg )in 2 @@h@(tuheqﬂthqurtlgé antesng may bé adsorbed

Phi |.ad 4,.a, : t1$ﬁ& ShV

an nﬁ)u%gg{' Igs?if\@é%l, aIlrgn:ﬁcﬁru glp:ﬁ | &8 [ poggﬁgﬁﬂ% b tizy be
polupadegbedy| ene et her fornulatlons pol yoxyet hyl ene
ester T Qi Al a3 saohii 20U 1Ol tigg;%fs 864 it may be conjpzated o a
i m dazoqui nol o compounds . 1'm quanod
hormk@gnr@@)n cOPpITEing Tﬂmlnﬁ@nﬁms tasdes toseribangh Ilrémﬂmgemgléf The

| RN B sude cyt oki nes such
as Eefﬂalr{’i mﬁﬁl“l"’%ﬁ’gﬁse 104 Bel ?rdt‘%J’ IL-4, 1L-5, IL-6,

1 -7, | Bsidn alggredfive rtad:smghgfg@lm ehiipays én |ﬂirm|cm1i>qs§wns of the
f a%\%ﬁm{th&%: % acid EﬂEBH’iB ﬁfe‘%ﬁ@ Sne' %%tugéd f’l-'Blt\g:I) components of the
granul ocyte, macroph ag col o éﬁ imulating factor
(G\ﬂoms@)thm;wf dhesiovensiony sl thes brdjenlpege &y nudii agid dfor instance
enQﬁ@ ) | tok
of A FAlch oy 60 5 IRAEE, bOR plabhf Bl MBI (O FRRAL Wi,
pr edmndsitions |of be mmtlmHlnaWypmnpnsm goteiay ethicho finrig] sacehgride
SCytaﬁjff tﬂ?% (ﬁu oto{)é: Nfrya'n Luhgygd@@ ?’hkée 1‘]1%) répﬁt@g ildRidual
favou I on o ated I nmurie responses

oS&Whﬁﬁhwwmgv@médﬂaﬁfNg@hﬂwmﬁhﬂmn one enbodi nent, in
WhICh a response is predom nantly THl-type, the IeveI

of THI-type 20 cytokines will increase to a greater
extiepatiihfBantigrn | evel of TH2-type cytokines. The

level s ¢fc g#agaﬁﬁm%tf@iéba&@ BT a0 ags ﬁmec@cmmed

usi ng stan assays. For a review o e famlies of

20cytS@R fq:@»sam@@é{am&am AP, Devdigpa Biol 1338@ardﬁﬁ4ri2§2é\“rregg et al,
E’PlBloththélg 4§59 ﬁa‘ﬂ'bm%a&? E@Uﬁ@@é’é & QAL HRBY a%tfﬁi'iﬂ%vs
pronot e %?predon1nant res onse |nc ude,
der@nﬁzamth@smmm& pridying the. agtlge@fm memsmlé@ pox fremt 1§ plasma of
Nbrl:ﬂm&shg i¥ lB éa}rﬂelrsd aﬁaféy%luﬁntﬁ(es 5¢ I‘i’ﬁgA%ﬁ& b}?ﬁ%legl%rlﬁ e tiver

particularly 3-de-0-acylated nmonophosphory
( 3BnflPilepseddntd the bepdisireran dusing e HRYHofseesphoetier nneuﬂpﬂ dnvalves
t 0 h
2 et R Rl o R DA R Th B i P prarcd
| mhylem'sssmen d@rﬂamﬁatmws@fereasmmﬁhn@manw qe?/qoﬁe& Ji5) or
AR0 @élﬁ Al \ﬁgiy b%%seﬁ&lrlhﬂo%ﬂlﬁﬁﬁ&’ a cjh% expression from
co I nation of 1 & 06

as di'scl ose
94 /tipronisdnid gy e |<:@rstls>llptbbm a;gmmtm: secirns dle t1GAHPRhpromoteh drom

Sk oGOl RNES Lo 1 SELOBR A in o

art arly potent uvan ornu ation
301 nwithétisgnedBed. HEBBevPL tl@n &e mmﬂﬂglﬁfefmproms wnolying steps such as

wat S

R e e A e T
bc HEsAE mapths sirljpdied fatdnadasrswr(ag withseysistap The HBafg giay be nsed in
mat ' %PH dgp and tocopherol (WD 95/17210).

ﬁ ated CpG contai ni ng ol i gonucl eoti des (WO
96/02555) are also preferential inducers of a THL
response and are suitable for use in the present
5i nventi on. The vaccineﬁlof the invention may
al so conprise conbi nati ons of "aspects of one or nore
of the adjuvants of the invention identified above.
Any adjuvant of the invention can be adsorbed by or
conmbined with I PV conponent of the invention. 10Wen
referring to al um ni um hydroxi de or al um ni um
phosphate, reference is nade to all al um ni um
hydr oxi de and or al um ni um phosphate adjuvants as
descri bed by Hem and Wiite (Pharm Bi otechnol. 1995;

w




20 Typically, the total alum niumcontent is

200- 1000ug, 300-900 jig, 400-800ng, 500-700ng or

ar worndespesessxact |y 630ng Al 3+ per 0.5 nlL dose.pCTiRPmOTIBGY390
be all al um ni um hydroxi de or all al um ni um phosphat e.
Al t er naj| Vi Al 28 8 Whbhf 6 OfiBsAc”
al um ni %%n\{lﬁ%?dlﬁégéﬁgié&gﬂ%%ghmﬁ%ﬁ’ um ph%g%hat eﬁ%n _tl_he e
f olinchwenanyrBBsAg; anlig@- @ fingmgntghegeof displagngthg antigepicity of BBV
L ! ] Y SR At R sedufd
onarBiep SHEL | W1 RIBSANE e B W€ PR scd e
10of 416: HBs/Ag § -amtigendpeegliollaf eapluiPBl. Iiatyn 34 prgh and references

S.al lﬂi@r&é}:‘%l‘a%}/gggsoﬁ(e'r&ﬁ i:s%rigezlgq%yﬁ’% Hégﬁ&ﬂ Qoﬁﬁi’iﬁtailadr%mflénﬁre-s

IS pro y preadsor tigens before mxture to
f orseauance awidesstbadon theadwive esfersusppandl i RS2 (ROl pegicular, the

ad [ r .Qr j ' : e
o oLfitab iy Bl DSEDRE ADHE Bhind boih ence comprising
pHr@blugnd} 3 sirdoitowsd by radiduesr 7600 plthe Liprotaip of HRpAg relative to
fr L t : : - e
ji 3',% @83%%#%@@?3%%%32%&%&&8@ gerf&g‘?eoﬁﬁé 981?%“‘16 8
10ex agftiryd to 450" bep BI04 MIHY). FiBeAg MilBin thessponseof el inyantiqumay) dso
o L1 ples? 8 gl aolbbld hn Er@BuEodoiics) or
1 Bodfoge fhereofl suzh jus ghose: dpscgibad @1 Elig.:'«'wﬁ (MoCprmigk gnd Jones)
%3/{-&%}&% rai ﬁe%éﬂ %S?ﬁlze_@:lc}ﬁ %i'so(‘]:"refegr '&Jrfé%ta%s'r, }ogr fjx}e:lzn%p'lé-thg :“é'scape mutant”
Al tdescribad MENVQ WEHTE or BRIMPpEIIEAL sespecially diRsde oihyesin e amino
t he i [ . : rbed onto
1Sad?ﬁ1\<}§¥tt§?ﬁ|h%%§§%fﬁ1{hﬁl4g?§tgﬁ m ni ur%y %la tﬁg 51 PV may be
unads or BeadHBsAgtissobehia davisle dor. Thppatiges mahgorpripeiop xample

Al . P r@cqiego * (‘Qﬂe}g *

mgg’z?’é‘??ﬁ&r?% fhty beontiBlty Yt 0 ’Afofgga%? ’ﬁ)PC_M, %w% °

maylefiedaskoue rad Sndanotss the >Geprotrint lof Alfde. PrRN\sahpapiste is

ad : FHA bed onto

A CEIEGY S B Eb o e B o By be
20adsor bebh oomeo calbRidhenti HBshy e thelsentigen vt o i\ BaperigB™

10 adso . . r

or PRI shER AR fhitd, RSB A

ont 0 Al [Chlje3entodibdcROHRSAgUR psOt Redy aMounreyf 5820ug, 8-15ug or

adsorbed onto Al 80(1—%3 0 PO4 or unadsorbed, HepA

ey PHEX A B EXRCHh L At $9% A1PO4. Antigens which

are prepesHand ¢ s@hico adticedl 14 BE WHRCSHRK ot AlulEnium phosphate,
23 GUMDr BRI R PEIOE RS i g ol FipPfgns "escrbed in

pr aﬁdgnxbng;egb. ke @%%ﬁism &dgﬂﬂm\gﬁtt dnglﬂg bk rs&lsstaadﬁllyvamrsal free

one e | ment, may be adsor be epar at e or .

i e gf PreRsYAtio] 95 EIBAS ittt thiomprst)hah e ey g pabtished

ads@pebe@74y3@nd T conponents. The neani ng of

"adsorbed antigen" is for exanple taken to nean

greater than 20 20% 30% 40% 50% 60% 70% 80% or
3090% RESHKNA Snfluenzae b bRGgd@HNI Ng of the terns "al um ni um

phosphat e" .and "al um ni.um hydroxi de" as_used herein

i ncl uded/aggines F%?HF@%F‘“%@B%%‘P&WF’HW%&?"B@”&?B PR

pPheRbBtE VW GIT/ES7. STHet @labiges O thadihvondat inkg 18y NaRable

For exanpl| e, al um ni um phosphg.ije can be recilgi tathe ”

of Haswgphilyf &aeras SR pRBEFhate 2RUEB R obfs capsular saccharide

sem -crystalline or 25 crystalline), which can be

optionally but not exclusively prepared by m xing

sol ubl e al um nium salts and qgosphori c acid salts.

" Al um ni um hydr oxi de" can be preci pitate of

i nsol ubl e (anorphous, sem -crystalline or crystalline)

al um ni um hydr oxi de, which can be optionally but not

excl usively prepared by neutralising a solution of

alumniumsalts. Particularly suitable are the various

forms of al um ni um 30 hydroxi de and al um ni um

phosphate gel s avail able from comercial sources for

exanpl e, Al hydrogel (alum nium hydroxide, 3%



10 droplets or liposonmes). Such carriers are well

known to those of ordinary skill in the art. The

vawoi 202898/ al so contain diluents, such as WET&P2007/059390
sal ine, glycerol, etc. Additionally, auxiliary

??@%%Ha% ntlzﬁ%nf%ﬁztak H?e @rcoﬁjgg'zlt@d tmé.'cgzglelalﬂ'@ﬁfns(ﬂﬂﬂ Frhe

SUbS ances, present.

St é?qclwéldpylﬁ GgRYIer e, ﬂlﬂﬂﬁ@s‘é‘ﬂ@l‘ ang wﬁw@h@@l Bh?y&lﬂb PRSigeR may
Sa' Bﬂtﬁ‘lahﬁ b@a&sxﬁbe& alm Cfkihihn: pHBsghlRr=0! lagéanﬁédsmaéwao@& or

har maceut i cal accept abI e ‘excipients is avail

| n rrraaf@r @Wé@ﬂ@érﬁﬁ ribed) (0 WREHIRA? ¢f mayhrot deve HE@r@ﬁ@ a
sPr gdff‘c%r&gssghgd:gg%ﬁgn 20th edition, |SBN: 0683306472.
%g05|t|ons of e I nvention may be | yophilised or in
aqueousBY er stigen keingsyhadsorberkonit ansahupian® whiyant sply ieegin it is
L R thEthzlnSextpyeQ§ oidditelt faasoﬁ%a ‘%?éptfbloﬂé amgeaeon

adm ni stered direct fromtheir packaged n} wi t hout
t héreple alymingym radiigens tsekt s et inyolvedy Haﬁwaafeféeéw fEanlgtpe the
and,@ lr;]cglt;oﬁus ideal for injection. Conpositions may be
presented in vials, or they may be presented in ready
10f| | 1 ed thmwd@sconmaféedsﬁyrapﬁ g%gernﬂycwnyw&euaé@awwwﬁlper

Pl Qb RERH&Sor AhRY M Isc¥ibéd bélB&j ughg ﬁaﬁ lb@ t8mAOBLoid,
of he conpdsition, whereas a vial may include a

si ﬁgllhﬁleﬂ%)’@éo@rcm‘rl?? (iphthesia doxinrautant) or Fyjeis & . | n one
enbodi NBfif iR | ﬁlsécﬁanfd% méq%nsnhﬂecpexﬁéﬂ bR8Eously (e.g. with

enbodi nent t'he dose Is or an adult, adol esceit,
t odélhest, OHtlﬁ'Ff’élﬁtcoé’lPﬂi;lE% 9tb@h avfigsme cpmapneats PIHherapccHy of the
15MBYnREHASM ni stered by injection. Li qui d

vacci nes of the invention are also suitable for
reconst Iut ond pybaesiithent, Ui isi present ploar amoyiptii P28eal & biug or
Were a vaccine ext enpor aneous
reCBRSETTG %loéﬁxact 16” Sg%ﬁﬁﬁﬁ’e%‘?%ﬂj? (gsjsa a kit, which

may conihlra ﬁmthttvmh’&ﬂlmcmallﬁb 1sqpresmtwt @dnwrdpge(egné -6ng, 2-4ug or

read \ contents

of Iéé %r i |§°n 5%‘ gc%ha%&%aa%{a gscrﬁlé%douﬁg%’t? ?5}9@35 he contents
2()of the vial prior to injection. Vacci nes of the

nt ion ose formor in
’sﬁﬁr%’ 'f%’s'y ”%g ﬁpf g?q’i Yu‘]%@eng%r nul ti pl e dose
f or ns, Vheavascisgse®f preeﬁxenmceﬁnaﬂupheecbmpﬂlsed capsylar sagedmride of a
Ef f ec tive ut, i Li
%ler%uym sg%ﬁ%%hg r}{othe se ocgﬂi %@g Cog nlg 0@8{ thtﬁﬁ# g&e A QﬁgnA,
i njop’minahm cdrqigzated woh wmerqﬁot&nBMmenzngzt:dtb type rie(MenC, optionally
t, vaccines e inventi on
25po AR LGB NGBl NELS DaBD bmiogyy
t heonmgamdt toom chmze peotgit), @hd U\étmwgztﬁhsstyand’ FMen'®, ogtiogally
aﬁ?,\ﬁ nes may. be buffered at this pH Stable pH
rra)?o?igg ?1?& ned by he use of a buffer. If a

conposi Thowmccioessfi the sivamioalmayi ceipiischyrgtrap onate astigens frem the
EIOSt egel § etra?n%f | 5{1 e Ju%gétb w%?c?l Aav\ﬁ)oﬁéeg%?o%? g)g ne1 aI hgombmatlon of
30Conwmsmt¢mﬁhmuﬁmphanmawémﬂkébdnuy be |soton|c mnth
\VaGcc e, n
?EH%% éﬁcan | QF% 1%ﬁﬁmgg?t|%ﬁiQ?PA”ﬂﬁgnﬁ%ac“gakanY
| N Mendit MepWeMeoG ¢ MoarYhydMen W iMeni ros MenghioMkenlC thédenW, MenA
avoided as this leads to | oss of potency of the |IPV
conponent. Other antimcrobials my be used, such as
2- phenoxyet hanol or parabens (nethyl, ethyl, propyl
parabens). Any preservative is preferably present at
| ow | evel s. Preservative naylge added exogenously
and/ or may 15 be a conponent "0f the bul k antigens
which are mxed to formthe conposition (e.g. present
as a preservative in pertussis antigens). In one
enbodi nent, vaccines of the invention are thionersal
free or substantially thionersal free. By "thionersa
free" or "substantially thionersal free" it is neant
that there is not enough thionersal present in the
final formulation to 20 negatively inpact the potency



Properties of the vaccines of the invention In

one enbodi nent the vaccines of the invention are

f owmab@tesdseas a vaccine for in vivo adm ni st PETERZOTA59390
the host in such a way that the individual conponents

of 1 0e,E M, QA RiEenkP wmérﬁt QFenBUC RidnBAt MO or MenA +

i munogeni city of individual 15 conponents is not
subdamgnt Maa Wy Memdai red by ot her individual conponents

of the £AIRQZHEdiRAR, ﬁmz@;enalﬁwn@%s%woﬂem@sqlor &@ qn\’eﬁtlon

is nmeant that upon I muni sati on, ~an anti bod
agaaide adssbedcantmemalaminiun syt sich @d iwpm| hé’dliﬁ’iﬂdé Itl teapfher

56 O%QHbZAM%m%@ Nis20% mél g RISl Q&gﬁdﬂﬁmﬁss‘ &ftth rlﬁve%nahﬁ§ the
he antlgen is adm ni stere in Isolation.

in aéaoéfeérfpréfu sslominam et gveh (8] Ywniivsa phesphate. ' tther
deter R Rba 8 Sla a&&,&gm@&n{peﬁnﬁg nfmwe fa&sror&eme ReRLSre

(in terms of protective efficacy) i'n the conbination

as of baasiediniun hydpridaard Aumiriyp inkasphife Bopugt ¢refpdiment the
Va%isﬂﬁlaf A Qﬁi)olléht(@ﬁﬁl TR AHAIIEBED ohth &n \ed! _gﬁhﬁ €Sg. an
of the invention are fornul ated as a vacci ne 2

10j n alpmjgugafityanssaltat i on to the host, such that they
confer an antibody titre superior to the criterion for
seroprotection for each antigenic conponent for an

ac AXefseerig| reeningitidéniyngyB bigh ona@rbegenédbj ects. This is an

| npor t adfe $.e8hesiof teNRyRESERNRY ciipride ¥ RREB Q@mﬁonent such as
efficacy throughout the popul ation. Amtlﬁens W t

as B CUET ERPIIIFDE ysege or thied asbdroaibpmiie VRO IMESE0,i WO(W 105890

Scoﬂﬁbé’ﬁ%l@ﬁl‘ﬁ QrOF0BSH LR R BshjRaRkE WtnH Efpsé!&t S Q8Mhridl Qor
wel | 30 known, and such titres are publishe

or gamvas therel) @Imgﬁn &< vadY O PH48HRS) @m&mﬁ@muga%é féorL3or
t hfm £30 Y030henthedl bl -ﬂjsc(%l: L WoLohosANY). $2BR Entliiment, the

subj ects is seroconverted, in another enbodi ment noreé
t hatenBoompenetisohthe dnviertignimaydie gatoried apto 28 alypitdurg salt such as
S UR 86 iGm| tgvaf»@ﬁcec QR VAL hed emb(;uuﬁelrtumehﬁfenﬁ "&%bﬁ%ﬁ&) of the
nmore than 93%of a statistically significant sanple

200f mvghijaagnay begqdspshed opinie eluatnign galt ﬁlc &t alypipturepbosphate. In a
en%féieﬁ&ﬁtsodﬁ@enil@m@&h c%n@&zﬂ:hi(@trﬁa?‘eﬂe a¥soPthellBhibiaGARture of both

ngﬁg of subjects iIs seroconver The anount
wige nhydroxésigcandy dleminiien pbawhite. Bepre pwbpdigenifhe MenB
anQHﬁBon‘éﬁks@ Hlﬂ# Bgﬁ%ﬁ%rﬁ:ﬁ ohfdH RERvAL, %?gt WV RuhRRBOIIRR ant salt.
wi thout sirgniticant, adverse side effects in 5 typical
vacci nes. Such ampunt wil | vary dependi ng on which
Sp PHNGHRG re enployed Generally it is
zsexg%g%%%“%hat eacﬂiggse w | ggrlse 1-1000gg of
total i FeruvRSeiaes ofghe mvemipn gnaYoﬁu er Aougriseghe Y1 sgggharidg from
{ t
a0 o BB, with b 8 ELRACRELIE HPRRE, doscrbed in
antBPh b8, ior rae:snsagnﬂe thetvef (eree SyBtbrasweriar profeibjpe desstibed herein).
p r 'T'ﬁ@ ‘]N%ﬁ&l‘l eﬂ'@éessoﬂafﬂ)euéaﬁ?ed%y ?1 | Jégérlﬂgt?mzw 6 2@9’?&?}39_{ . .Ir]'gne

ccl ne two nont hs apart ['ow ng

30t h@nwﬂtfmm;: @hmé’momqhem@(@mf ﬂ)fﬁnwmgmulsfat ’b@nﬂdécrrb@ oty an
firgl f fe) s I h
sec:o%“éi’é/1 agr S"lsc i& b%e alhlen ea d%gﬁigogﬂ‘rl%l}{?tﬁ& %Hl}l&dhﬂen{ e Vi
Potsmhqnda@ of deunechtiby nseefrbme@sprbadi iogtet #o plumgsym palt saths as
15E
| ikl RUERAZ T o Mokl G R BV shBor OGSy B s
the I PV containing vacci nes of the invention should be
carried out using a single dose of vaccine and shoul d
be done by determ ning the rz&io of test vaccine
geonetric nean titre (GVIN to reference vacci ne GVI
and is reported as the relative response (RR) or
relati ve potency (RP). Reference GVI may be the 20 GV
obtai ned with any I PV vaccine conprising 40-8-32
D-antigen units of |IPV types 1-2-3 respectively, and
may be the GWI obtained with the known vacci ne
Poliorix.O Typically, the RP test is carried out by
as foll ows: The potency of poliovirus Types 1, 2




10 mcroplates are incubated at 37C 1C for 7 days.

The cytopat hogenic effect (CPE) of the virus is read
uswogomm2sosevert ed m croscope after Coonassi e POITER2007/059390
coloration. The presence of anti-polionyelitis

anthB ol ifSude NdY ﬂitﬂ St ffugr @M‘Jkl&f ardd"BuMinfuds ﬁ&ghatt@ €n one
appear ance of t corresponding CPE. The anfi-polio

vi embodipensrthe Mlyq@@:hinde@)m By uaylkeraehopE oadipent, e.g. an
F eGluRERGR hdjfant &, | @ast dilution without any CPE. In

each gr oup, 15 animals with neutralising antibodi es

are recorded and the anti bodies titer of each serum

ssanple is determined for the different type of

poI iovirus. The neutralizing antibody titer is

expressed as the |1 og2 of the inverse of the highest

di lgd Bét(& A’Bnt g(sjser um sanple that totally inhibits the

cyt opat ect of poliovirus on Hep-2 cells.

The geoh#t mr@on@arafﬁorcﬁ@ Pioteetion pEMTSH epW)Amr brep killed

V' rH uh¥dP G1d §tltﬁ| %o vaRilde k& Bk HRY pRAGR BIRHP af fHavrix™

acka vacci nes of 't he |nvent|on
10Va«£%¢gmect>ﬁ ratih é«larhwé rilxn§mithKlitve Bisdegicalse®l Anwhigh iip @ dilled

t LY RES, Akd s&ﬁﬁlg'd&%fx %091 tht ww Srairl &ﬁagaﬁtﬁgml gﬁwﬁsee
dose Vi a ri se
pl dbwitiyaes Goudidate Ha@ugh fW’fﬁ@hﬁt& &'t by FlEe Aﬁlé@oﬁt @l cHI$0pRrog.
in Jdt %of %73? %}fl 1‘38&? HQ)an Cic “\’%hﬁﬁhé'de @&ﬁhKlme

once the née Peen rem e vacci ne may
be Beegbpini Bidlogialy dB?BuElebmmt efi ef199¢.rgg. MedVirg). 37754p have
co f .
SESTRFALS R RS, A Py o g &
si agl disqusjed @pproavhesy to tipydemeloprepmisroif y@@t@@l a@@ﬁt@m comop yiral
at r e n
oL ARt v Bsennly AL S S i
or ofrgtineulativg mentralising ankibpdy to Wi \E sl Hynape lipors; embodlment thg HAV
on f i ;
oSy okl BN k| QYRR b
20f omag badiAY n@sprcmtﬂe’d\f o prqﬁeva whixdht mayeenyrsiently be etfajped by
ca o
PSSR L0, BORCEREIR RS KSR\ capongr
optm@nta:inl yaychreeadsarbedonto af alpfmipiumy salissugh aslempiym hygeoxide. In
I nf L&E&Zeﬂinglﬂl%ntBthel\%épﬁétﬁrA %o@&ﬁeﬂt%ftthg inverthoR Qndg be. adsorbed

Nei'sseria nenin type Nei sseria nmenin
t ypeto\gh denigizier sadt sweniangliminging phopphatey In pdinghse remhodament the
me I,d

2507 HoBRihyCbooppucel Bl b b BRERS b oD BF bk Rl Ry
conpd &linimgpm phbyghate. | nacti vated polio virus (1PV) of
the invention, (b) diphtheria toxoid (DT or D) (see
above), 10(c) tetanus toxoid (TT or T) (see above),
( dMidatidlenitigingd)e- cel | Bordetella pertussis (Pw) or 2

or nor e'l‘?e fJCLIH%San ﬁef]%‘ﬂeﬁ )S.na? g@&ﬁuﬁ}sg marﬁﬁﬁﬁlgen(s) The

above) opti ona ace antig
30( Heyiart anigpn (e be BES;Se()lybnd protem between CS and HBphg - described

opti

caph 0 Bs STEPIRLACR) 1 ofE b Bl S n i P n e
( serccasowéhe ifgntiopin pael df HREsAEh Btheo Malpsiehartigeijsuat @ be
of r t el nC r
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(MenC) (see above) and a second contai ner conpri sing:
20(2A) (a) conjugates of a carrier protein and a

capsul ar saccharide N. neni n%ti dis type A (MenA), N
meningitidis type C (MenC), N neningitidis type W
(MenW and/or N. neningitidis type Y (MenY) (see above
for various Men saccharide conbinations of the

i nvention), and (b) optionally a
conjugate of a carrier protein and the capsul ar
25saccharide of H influenzae type B (H b); or

(2B) (a) a conjugate of a carrier protein and the

capsul ar saccharide of H influenzae type B (H b), and



30The kit may optionally conprise a third container
conprising: (3) (a) optionally Hepatitis B surface
anwiogess/02gek) optionally a conjugate of a car rRCEFmEP2007/059390
protein and Vi saccharide of Sal nonella typh
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certain saccharlde 15conj ugate, the sane conjugate is
not present in the other containers of the kit.
The inventors believe that a kit provided in the above
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meningitidis type C, Neisseria nmeningitidis type W
Nei sseria neningitidis type i Sal nonel | a typhi or
Hepatitis A I n anot her “enbodi nent of the
invention there is provided a use of the vaccines of
the invention in the manufacture of a nedicanment for
the treatnment or prevention of diseases caused by
i nfection by poliovins and optionally Bordetella
pertussis, 10 dostridiumtetani, Corynebacterium
di pht heri ae, Hepatitis B virus, Haenophilus
i nfluenzae, Neisseria neningitidis type A Neisseria



25 in a further enbodi mrent each dose will conprise
0.1-10 jig, in yet another enbodi nent each dose w ||
compraogsandes¢ o 5 ji g sacchari de. | N one PCT/EP2007/059390
enbodi nent, the content of protein antigens in the
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Dalsgaar 7, Acta Vet Scand. 18:
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per 0.5 nL dose of bulk vaccine 15 is less than 10 jig
(of sac @n@nga«ﬂl@n Piey theeisedota aeglenetion With Befotaviar protein(s). In one
emhaghoMRREt, W& AEPMN R plofil H YRS isSholtt Hee dnll c&ﬁ@éa&@rfonn

enbodi nent t he anount of conjugate is 2-6 jug,

f urie Hepmpepivaiofhetinystien, the, wicorgugated fprnnis ng more than 5% of the
29 U el hmBifn IPRHLChALEFotkiiah §E Q:Bﬁbd&ltﬁ)ﬁrﬂgoﬁ%%l@ orf ﬁir another

exanpl e DTPw conponents, can be conbi ned separately

befeabediget inpretcRiat Jusbrb e byBsaYt or ot her 20

COMPONE R} Seacéhall®d HAFLOn kBRI 1T HAE 5%0@&@ bﬁaﬁnytkﬂ@wn method (for

invention Is also provided conprising t
m >axprgple.phy tlyldéte) U.§. Rateng 16372.94h cné rby rém?rysfeab Wrst HPagent

phag pRceu haRhd YSuﬁ&ﬁeelB{k@levﬁer@ﬂ%% bRignt . A typi cal
process for preparlng bul k vacci ne” of the invention

300 t h f ulhhesecprideganld pichllyadg pdiwatpd\orc dpstionahted pidorg to
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conponents are m xe he

onents.
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the conposition, followed by the addltlon of DT
pre-adsorbed onto Al (OH) 3 or 21 foll owed by the
addition of TT pre- 30 adsorB d onto Al (OH) 3 or ALPO4,
foll owed by the addition of W optionally pre-

adsorbed onto Al (OH) 3, prior to pH adjustnent to e.qg.
pH5.9-7.2, or pH6-7, or pH6.2- 6.8, or pH6.4-6.6, and
then the addition of Pw pre-adsorbed onto Al PO4.
Optionally, H b, Vi, MenA MenC, MenW Men Y, MenB
and/ or HepA antigens may be added at



any point in this process. In one enbodinent, H b, Vi,
MenA, MenC, MenW Men Y, MenB and/or HepA antigens are
addedo@mesess t o pH adj ustment. | n one enbodi MPCI/EBNET/@5P390
nore antigens of the invention are adsorbed onto

al lé |fllsd gﬁ?lgﬂgtﬁﬁ%@k&p%ﬁg A Wt FlolvA reXd: ABitdble Rchniques use
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rray be binkqsas sig 4 hinken aronp may\fierigadsrusug: any kaaws srosedyre, for
HBS Q1S t azdulfep lidseid iPYrS, 843 0TRe B (RIhEIdR type of
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200 et 1AB35; PEQ 0AST1306S éé4@909aép\n@@wnl1@en%d DYROCING FOTRRFISCS 2
23%@3}1 sacehb AT Vol fr@lah@ @orﬁ’lfl aléﬁ(f&h@ afc Hcotil@udd TN ndMore
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bodel BrrpRan et M AR PER A ALK e a0 ve

DOSh P& ahdtRReABAtimEA RaddRlosk WillRGmericase ssghedul e or a
mul ti pl e dose schedule. Miltiple doses may be used in

a primary inmmunisation schedule and/or in a booster
i mmuni sation schedule. A primary dose schedul e, which
30ra\AHRYAES the first year of life, may be fol l owed by a
gOOSt er TH@S&:bcﬁﬁ@ o6 utheinveifioh alkidyelnbluﬁé ragpliaeﬁawﬁiaalm hatkpptable
oses etween 4-16 wegks et rimn
and BB Ly S A BBIe VoY e BRFTIE LR A g tn s
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is for prophylactic use, the hunman is preferably a
child (e.g. a toddler of infant) or a teenager; where
the vaccine is for therapeuti,g use, the human is
preferably an adult. A VaCCI% i ntended for children
may al so be adm nistered to adults e.g. to assess
safety, dosage, immunogenicity, etc. 10The vacci ne
preparations of the present invention may be used to
protect or treat a manmal susceptible to infection, by
nmeans of admi nistering said vaccine directly to a
patient. Direct delivery may be acconplished by
parenteral adm nistration (intranmuscularly,
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The invention nmay be used to elicit system c and/or
mucosal i nmunity. One way of checking the
ef Wiocamy20f6 t her apeutic treatnent involves rrum:lm:emongmm
bacterial infection after adm nistration of the
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ons of I nventi on can et erm ned

ad o tenngs (hermirsiieasorisio) & deagudatest MER; auik ApSeponin,
AL BRI9 P botiithes,
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Th&swoit.nvHin derdsiybingat 6hiMerc end F@myr% dncg dialipvgy, Mil, AS-2
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I ntendegl @, REBY liflenDas ki tREnidon® tl?euQ%h{re{thc'oﬁBersﬂfHﬁt of Bhe
make them equi val ent I n meaning.
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| ntinsfoclénd th @eli npdigted hmnwopwonﬁ&s torpa sidmirdyieredantigen. Within one
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adsor pt on. esent

rretoﬁthd fempilief cFokings, acrdMbpiBeahy . an(l Cofimzy, 198Y, Anb. Ecv /Immunol
O.(’.)(lgirrgAl3+) Stirring 15 up to 201 mn. at roomt
Ades?' pHat 11 5.1 +1-0.1 Stirring 15 up to 201 mn.

at r oomhtcoGlmtk spikdble. diljuvant s®stqmsswlﬁ|0h iprognotesa proderyinapdly THI

Qﬁ\b/mp@ﬁe ) f(%e?{?%ﬂgefsﬁ lggg geg%f' gduce% t!)_!'ﬁcﬂ{) I%Zr%phésphoryl
( S thaxdm éM@L}a oreeflerivettsdhgrecst paﬂuqutvgly ﬁsdeu@-atsdat%momphmpmryl
r O% 1d A é‘ﬁ Hﬁ’i),%ﬁh gaorgglnauog oflmotlopgosl)horyl lipid A, optionally 3=de-O-
acylated monophosphoryl lipid A together with an aluminium salt. An enhanced
system involves the combination of a monophosphoryl lipid A and a saponin
derivative, particularly the combination of QS21 and 3D-MPL as disclosed in WO
94/00153, or a less reactogenic composition where the QS21 is quenched with
cholesterol as disclosed in WO 96/33739. A particularly potent adjuvant formulation

involving QS21, 3D-MPL and tocopherol in an oil in water emulsion is described in
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Stirring 15 up to 201 min. at roomt Check pH 61.1
+1-0.1 Store mninmum 7 days at +2 / +8C before

f owmzbastobsoss FI NAL COVPCSI TI ON per dose Di pht lpemriea2067/459390
Lf ( +/- 420 I1S/nil) Aist 0.075 ng NaCl 150 nM pH 6.1
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The vaccines of the invention may also comprise combinations of aspects of
one or more of the adjuvants of the invention identified above.

Any adjuvant of the invention can be adsorbed by or combined with IPV
component of the invention.

When referring to aluminium hydroxide or aluminium phosphate, reference is
made to all aluminium hydroxide and or aluminium phosphate adjuvants as described
by Hem and White (Pharm Biotechnol. 1995;6:249-276).

In one embodiment, aluminium phosphate may also be referred to as
aluminium hydroxyphosphate. In another embodiment, aluminium phosphate has a
negative charge at a pH of 7.4. Typically, the isoelectric point (pI) of aluminium
phosphate is 5-7, or 6-7 or around or exactly 5. In a further embodiment, aluminium
phosphate has a molar phosphate : aluminium ratio of 0.3-0.9, or 0.3-0.6, or 0.8-0.9.

In one embodiment, aluminium hydroxide has a positive charge at a pH of 7.4.
Typically, the pl of aluminium hydroxide is 8-11, 9-11, 10-11 or around or exactly 11.

Typically, the total aluminium content is 200-1000ug, 300-900ug, 400-800ug,
500-700pg or around or exactly 630ug AI’* per 0.5 mL dose. This may be all
aluminium hydroxide or all aluminium phosphate. Alternatively AP’ content may be
from a mixture of aluminium hydroxide and aluminium phosphate in the following
ratio: 1:8-8:1, 1:4-4:1, 3:8-8:3, 1:2-2:1 or 1:1 of aluminium phosphate: aluminium
hydroxide. In one embodiment a ratio of 12:1-4:1, 11:1-5:1, 10:1-6:1, 9:1-7:1 or 8:1
of aluminium phosphate: aluminium hydroxide is used.

Although most aluminium is provided by preadsorbed antigens before mixture
to form a combination vaccine, some aluminium may be added in free form during
formulation of the combination vaccine of the invention, e.g. before the pH
adjustment step described herein. Typically, free aluminium content per 0.5 mL dose
may be 0-300pg, 50-250pg, 75-200ug, 100-150ug or around or exactly 115ng of
AI**. Free AI*" may be all AI(OH); or all AIPO,, or a mixture of AI(OH) ; and AIPO4
in the following ratio (w:w AP":APY): 1:1-1:6, 1:1.1-1:5, 1:1.2-1:4, 1:1.3-1:3, 1:1.4-
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expressly adsorbed onto adjuvant, in particular aluminium salts.

IPV may be unadsorbed or adsorbed onto AOH); or a mixture of AI{OH)3
and AiPO,4. DT may be adsorbed onto Al(OH); or AIPO4, TT may be adsorbed onto
Al(OH); or AIPO,, Pw may be adsorbed onto or mixed with AIPQO4, PRN may be
adsorbed onto Al(OH);, FHA may be adsorbed onto Al{OH);, PT may be adsorbed
onto Al(OH);, HB may be adsorbed onto AlPO4, Hib may be adsorbed onto AIPO4 or
unadsorbed, Men ACWY may be adsorbed onto Al{OH); or AIPO4 or unadsorbed,
MenB component may be adsorbed onto AI(QH); or AIPQ4 or unadsorbed, Vi may be
adsorbed onto AI(OH) ;3 or AIPO; or unadsorbed, HepA may be adsorbed onto
Al(OH) ; or AIPO..

Antigens which are preadsorbed onto an aluminium salt can be preadsorbed
individually prior to mixing. In anotﬁer embodiment, a mix of antigens may be
preadsorbed prior to mixing with further adjuvants. In one embodiment, IPV may bé
adsorbed separately or as a mixture of IPV types I, 2 and 3 or when mixed with
adsorbed D and T components.

The meaning of “adsorbed antigen” is for example taken to mean greater than
20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% adsorbed.

The meaning of the terms “aluminium phosphate” and “aluminium hydroxide”
as used herein includes all forms of aluminium hydroxide or aluminium phosphate
which are suitable for adjuvanting vaccines. For example, aluminium phosphate can
be a precipitate of insoluble aluminium phosphate (amorphous, semi-crystalline or
crystalline), which can be optionally but not exclusively prepared by mixing soluble
aluminium salts and phosphoric acid salts. “Aluminium hydroxide” can be a
precipitate of insoluble (amorphous, semi-crystalline or crystalling) aluminium
hydroxide, which can be optionally but not exclusively prepared by neutralising a
solution of aluminium salts. Particularly suitable are the various forms of aluminium
hydroxide and aluminium phosphate gels available from commercial sources for
example, Alhydrogel (aluminium hydroxide, 3% suspension in water) and Adjuphos
(aluminium phosphate, 2% suspension in saline) supplied by Brenntag Biosector
(Denmark).
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I mat e
Vaccines of the invention will typically, in addition to the antigenic and

adjuvant components mentioned above, comprise one or more “pharmaccutically
acceptable carriers or excipients”, which include any excipient that does not itself
induce the production of antibodies harmful to the individual receiving the
composition. Suitable excipients are typically large, slowly metabolised
macromolecules such as proteins, saccharides, polylactic acids, polyglycolic acids,
polymeric amino acids, amino acid copolymers, sucrose (Paoletti er ai., 2001,
Vaccine, 19:2118), trehalose (WO 00/56365), lactose and lipid aggregates (such as oil
droplets or liposomes). Such carriers are well known to those of ordinary skill in the
art. The vaccines may also contain diluents, such as water, saline, glycerol, etc.
Additionally, auxiliary substances, such as wetting or emulsifying agents, pH
buffering substances, and the like, may be present. Sterile pyrogen-free, phosphate
buffered physiologic saline is a typical carrier. A thorough discussion of
pharmaceutically acceptable excipients is available in reference Gennaro, 2000,
Remington: The Science and Practice of Pharmacy, 20" edition, ISBN:0683306472.

Compositions of the invention may be lyophilised or in aqueous form, i.e.
solutions or suspensions. Liquid formulations of this type allow the compositions to
be administered direct from their packaged form, without the need for reconstitution
in an aqueous medium, and are thus ideal for injection. Compositions may be
presented in vials, or they may be presented in ready filled syringes. The syringes may
be supplied with or without needles. A syringe will include a single dose of the
composition, whereas a vial may include a single dose or multiple doses (e.g. 2
doses). In one embodiment the dose is for human. In a further embodiment the dose is
for an adult, adolescent, toddler, infant or less than one year old human and may be
administered by injection.

Liquid vaccines of the invention are also suitable for reconstituting other
vaccines from a lyophilised form. Where a vaccine is to be used for such
extemporaneous reconstitution, the invention provides a kit, which may comprise two
vials, or may comprise one¢ ready-filled syringe and one vial, with the contents of the
syringe being used fo reconstitute the contents of the vial prior to injection.

Vaccines of the invention may be packaged in unit dose form or in multiple

dose form (e.g. 2 doses). For multiple dose forms, vials are preferred to pre-filled
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8.0, in another embodiment vaccines of the invention have a pH of betwee% 6.3 and
6.9, e.g. 6.610.2. Vaccines may be buffered at this pH. Stable pH may be maintained
by the use of a buffer. If a composition comprises an aluminium hydroxide salt, a
histidine buffer may be used (WO003/009869). The composition should be sterile
and/or pyrogen free.

Compositions of the invention may be isotonic with respect to humans.

Vaccines of the invention may include an antimicrobial, particularly when
packaged in a multiple dose format. Thiomersal should be avoided as this leads to
loss of potency of the IPV component. Other antimicrobials may be used, such as 2-
phenoxyethanol or parabens (methyl, ethyl, propyl parabens). Any preservative is
preferably present at low levels. Preservative may be added exogenously and/or may
be a component of the bulk antigens which are mixed to form the composition (e.g.
present as a preservative in pertussis antigens).

In one embodiment, vaccines of the invention are thiomersal free or
substantially thiomersal free. By “thiomersal free” or “substantially thiomersal free” it
is meant that there is not enough thiomersal present in the final formulation to
negatively impact the potency of the IPV component. For instance, if thiomersal is
used during the Pw or Hepatitis B surface antigen purification process it should be
substantially removed prior to mixture with IPV. Thiomersal content in the final
vaccine should be less than 0.025pg/ug protein, 0.02ug/ug protein, 0.01pg/ug protein
or 0.001pg/pg protein, for instance Oug/pg protein. In one embodiment, thiomersal is
not added nor used in the purification of any component. See for instance EP1307473
for Hepatitis B and see above for Pw processes where killing is achieved not in the
presence of thiomersal.

Vaccines of the invention may comprise detergent ¢.g. a Tween (polysorbate),
such as Tween 80. Detergents are generally present at low levels e.g. <0.01%.

Vaccines of the invention may include sodium salts (e.g. sodium chloride) to
give tonicity. The composition may comprise sodium chloride. In one embodiment,
the concentration of sodium chloride in the composition of the invention is in the
range of 0.1 to 100 mg/mL (e.g. 1-50mg/mL, 2-20mg/mL, 5-15mg/mL) and in a
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Properties of the vaccines of the invention
In one embodiment the vaccines of the invention are formulated as a vaccine
for in vive administration to the host in such a way that the individual components of
the composition are formulated such that the immunogenicity of individual
15  components is not substantially impaired by other individual components of the
composition. By not substantially impaired, it is meant that upon immunisation, an
antibody titre against each component is obtained which is more than 60%, 70%, 80%
or 90%, or 95-100% of the titre obtained when the antigen is administered in
isolation. Thus, in preferred embodiments, no (significantly) detrimental effect occurs
20  to the further components (in terms of protective efficacy) in the combination as

compared to their administration in isolation.

Vaccine formulations
In one embodiment, the vaccines of the invention are formulated as a vaccine
25  for in vivo administration to the host, such that they confer an antibody titre superior
to the criterion for seroprotection for each antigenic component for an acceptable
percentage of human subjects. This is an important test in the assessment of a
vaccine’s efficacy throughout the population. Antigens with an associated antibody
titre above which a host is considered to be seroconverted against the antigen are well
30  known, and such ftitres are published by organisations such as WHO. In one
embodiment, more than 80% of a statistically significant sample of subjects is
seroconverted, in another embodiment more than 90% of a statistically significant

sample of subjects is seroconverted, in a further embodiment more than 93% of a
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40 Polio Potency as measured by seroneuiralisation test on rats

15 For the purposes of the invention, the assay for the IPV quantitative evaluation
of the vaccine potency of the IPV containing vaccines of the invention should be
carried out using a single dose of vaccine and should be done by determining the ratio
of test vaccine geometric mean titre (GMT) to reference vaccine GMT and is reported
as the relative response (RR) or relative potency (RP). Reference GMT may be the

20 GMT obtained with any IPV vaccine comprising 40-8-32 D-antigen units of IPV
types 1-2-3 respectively, and may be the GMT obtained with the known vaccine
Poliorix®. Typically, the RP test is carried out by as follows:

The potency of poliovirus Types 1, 2 and 3 is determined on rats by
seroneuiralisation:

25 Groups of 10 healthy rats (Sprague-Dawley (OFA) or any beforehand
validated strain) are inoculated intramuscularly with dilutions (1/1.25; 1/3.125;
1/7.81) of the test samples or reference material in phosphate buffer saline. If
necessary, the dilution range may be extended to 4 dilutions by inoculating undiluted
vaccine and the three previous mentioned dilutions. Ten rats inoculated with the

30 diluent are used as negative controls. Rats are observed once a week to detect any
abnormal reaction. 20 to 22 days after the inoculation, cach animal is deeply
anesthetized, and bled and the serum is collected to be analysed by seroneutralisation
test.
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For the three polio virus types, a predetermined amount of virus (30-300
CCIDsy) is added to the sera dilutions. The three virus suspensions are diluted taking
into account their respective titers. The final dilution is called ‘working dilution’.
Each working dilution is added to the corresponding microplates. Plates are then
sealed and incubated at 37°C + 1°C for 16 hours. Hep-2 cells are then added and
microplates are incubated at 37°C + 1°C for 7 days. The cytopathogenic effect (CPE)
of the virus is read using an inverted microscope after Coomassie blue coloration. The
presence of anti-poliomyelitis antibodies inhibits the growth of the virus and the
appearance of the corresponding CPE. The anti-polio virus titers (type 1, 2 and 3)
correspond to the reciprocal of the last dilution without any CPE. In each group,
animals with neutralising antibodies are recorded and the antibodies titer of each
serum sample is determined for the different type of poliovirus. The neutralizing
antibody titer is expressed as the logz of the inverse of the highest dilution of the

serum sample that totally inhibits the cytopathic effect of poliovirus on Hep-2 cells.

The geometric mean titer per dilution (GMT) and per virus type is also

determined for each group of rats.

Packaging of vaccines of the invention

Vaccines of the invention can be packaged in various fypes of container e.g. in
vials, in syringes, etc. A multidose vial will typically comprise a re-sealable plastic
port through which a sterile needle can be inserted to remove a dose of vaccine, which
reseals once the needle has been removed.

The vaccine may be supplied in various containers (e.g. 2 or 3). The contents
of the containers may be mixed extemporaneously before administering to a host in a
single injection or may be administered concomitantly at different sites. The dose of
the vaccine or each vaccine if a kit is administered concomitantly (in two or more
containers) will typically be 0.5mL.

In one embodiment of this aspect of the invention there is provided a kit

comprising two multi-valent vaccines for conferring protection in a host against
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Corynebacterium dzphthenae and optionally one or more of Hepatms B Haemphzlus

influenza type B, Neisseria meningitidis type A, Neisseria meningitidis type C,

Neisseria meningitidis type W, Neisseria meningitidis type Y, Neisseria meningitidis

"5 type B, Salmonella typhi, Hepatitis A or Malaria.

The kit comprises a first container comprising:
(1)  (a) Inactivated polio virus (IPV) of the invention,
{b) diphtheria toxoid (DT or D} (see above),
10 {c) tetanus toxoid (TT or T) (scc above),
(d) killed whole-cell Bordetelia pertussis (Pw) or 2 or more aceltlular
pertussis components {(Pa) (see above),
(¢) optionally Hepatitis B surface antigen (HepB or HB) (see above),
(f) optionally a conjugate of a carrier protein and the capsular
15 saccharide of H. influenzae type B (Hib) (see above),
(g) optionally either or both conjugates of a carrier protein and a
capsular saccharide of a N. meningitidis type A (MenA) or N
meningitidis type C (MenC) (see above), and
a second container comprising:
20 (2A) (a) conjugates of a carrier protein and a capsular saccharide M.
meningitidis type A (MenA), N. meningitidis type C (MenC), N. meningitidis type
W (MenW) andfor N. meningitidis type Y (MenY) (see above for various Men

saccharide combinations of the invention), and

(b) optionally a conjugate of a carrier protein and the capsular

25 saccharide of H. influenzae type B (Hib); or

(2B) (a) a conjugate of a carrier protein and the capsular saccharide of H.

influenzae type B (Hib), and

(b) optionally a conjugate of a carrier protein and Vi saccharide of

Salmonella typhi
30 The kit may optionally comprise a third container comprising:

(3) (a) optionally Hepatitis B surface antigen
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(b) optionally a conjugate of a carrier protein and Vi saccharide of

Salmonella typhi

The containers may in either case additionally comprise HepA antigen(s)

and/or MenB antigen(s) and/or RTS,S and/or Strepiococcus pneumonia antigen(s).

In either case, the same antigen should not be present in both containers.

In one embodiment the first container has in addition to components a), b), ¢),
d) also e), ), g), e)th), e)*g), H)tg) or e)ti)tg).

In one embodiment the vaccine of the first container may be liquid and the
vaccine of the second container may be either liquid or lyophilised {(e.g. in the
presence of a known stabilising excipient such as sucrose or trehalose).

The containers of the kit can be packaged separately or, optionally, packed
together. In one embodiment, the kit is provided with a list of instructions for
administration of the vaccines in the two or more containers.

In one embodiment, where a container in a kit contains a certain saccharide
conjugate, the same conjugate is not present in the other containers of the kit.

The inventors believe that a kit provided in the above way may
advantageously present the various antigens to a host’s immune system in an optimal
manner. The kit may provide a medical practitioner with an optimal method of
immunising a host with one or more of the following advantages: protective efficacy
for all antigens, minimal reactogenicity, minimal carrier suppression interference,
minimal adjuvant/antigen interference, or minimal antigen/antigen interference. In
such a way, these poals may be achieved with the minimum number (two)
administrations, optionally occurring at the same visit to the practitioner.

In one embodiment the vaccines of the first and second containers are
administered concomitantly at different sites (as described below under
“administration of vaccines of the invention), and in an alternative embodiment the
inventors envision that the contents of the first and second containers may be mixed

(optionally extemporaneously) before administration as a single vaccine.

Preparing vaccines of the invention
The present invention also provides a method for producing a vaccine
formulation comprising the step of mixing the components of the vaccine together

with a pharmaceutically acceptable excipient.
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In one embodiment of the present invention there is provided a vaccine as
herein described for use in a medicament for the treatment or prevention of discases
caused by infection by poliovirus and optionally Bordetella pertussis, Clostridium
tetani, Corynebacterium diphtheriae, Hepatitis B virus, Haemophilus influenzae,
Neisseria meningitidis type A, Neisseria meningitidis type C, Neisseria meningitidis
type W, Neisseria meningitidis type Y, Salmonella typhi or Hepatitis A.

In another embodiment of the invention there is provided a use of the vaccines
of the invention in the manufacture of a medicament for the treatment or prevention of
diseases caused by infection by poliovirus and optionally Bordetella pertussis,
Clostridium tetani, Corynebacterium diphtheriae, Hepatitis B virus, Haemophilus
influenzae, Neisseria meningitidis type A, Neisseria meningitidis type C, Neisseria
meningitidis type W, Neisseria meningitidis type Y, Salmonelia typhi or Hepatitis A.

Additionally, a method of immunising a human host against disease caused by
poliovirus and optionally Bordetella pertussis, Clostridium tetani, Corynebacterium
diphtheriae, Hepatitis B virus, Haemophilus influenzae, Neisseria meningitidis type
A, Neisseria meningitidis type C, Neisseria meningitidis type W, Neisseria
meningitidis type Y, Salmonella typhi or Hepatitis A, which method comprises
administering to the host an immunoprotective dose of the vaccine of the invention is
also provided.

The amount of antigen in each vaccine dose is selected as an amount which
induces an immunoprotective response without significant, adverse side effects in
typical vaceines. Such amount will vary depending upon which specific immunogen
is employed and how it is presented. In one embodiment cach dose will comprise
0.1-100 pg of saccharide, in another embodiment each dose will comprise 0.1-50 pg,
in a further embodiment each dose will comprise 0.1-10 pg, in yet another
embodiment each dose will comprise 1 to 5 ug saccharide.

In one embodiment, the content of protein antigens in the vaccine will be in
the range 1-100pg, in another embodiment the content of the protein antigens in the
vaccines will be in the range 5-50pg, in a further embodiment the content of the
protein antigens in the vaccines will be in the range 5 - 25pg.

Vaccine preparation is generally described in Vaccine Design {“The subunit
and adjuvant approach” (eds Powell M.F. & Newman M.J.) (1995) Plenum Press New
York]. Encapsulation within liposomes is described by Fullerton, US Patent
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It will be appreciated that certain components, for example DTPw

components, can be combined separately before adding the adsorbed HBsAg or other
20  -components.

A method of making vaccines of the invention is also provided comprising the
step of mixing IPV type 1, IPV type 2 and/or IPV type 3 with a pharmaceutically
acceptable excipient. A typical process for preparing bulk vaccine of the invention
with further antigens will add the TPV components to a mixture of the D and T

25  components, i.c. the DT components are mixed with the IPV components. This order
of mixing allows the ionic strength and/or pH of the composition to be adjusted (c.g.
pH<7) prior to the addition of the Pa or Pw components. Typically, HB pre-adsorbed
onto AIPO, is added first if included in the composition, followed by the addition of
DT pre-adsorbed onto AI{OH); or AlPO,, followed by the addition of TT pre-

30 adsorbed onto AI(OH); or AlPQ,, followed by the addition of IPV optionally pre-
adsorbed onto A1(OH);, prior to pH adjustment to ¢.g. pH5.9-7.2, or pH6-7, or pH6.2-
6.8, or pH6.4-6.6, and then the addition of Pw pre-adsorbed onto AIPQ4. Optionally,
Hib, Vi, MenA, MenC, MenW, Men Y, MenB and/or HepA antigens may be added at
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The invention may be used to clicit systemic and/or mucosal immunity.

One way of checking the efficacy of therapeutic treatment involves monitoring
bacterial infection after administration of the composition of the invention. One way
of checking efficacy of prophylactic ﬁ'eatment involves monitoring immune responscs
against the antigens after administration of the composition. Immunogenicity of
compositions of the invention can be determined by administering them to test
subjects (e.g. children 12-16 months age, or animal models — WO 01/30390) and then
determining standard immunological parameters. These immune responses will
generally be determined around 4 weeks after administration of the composition, and
compared to values determined before administration of the composition. Rather than
assessing actual protective efficacy in patients, standard animal and in vitro models
and correlates of protection for assessing the efficacy of DTP vaccines are well
known.

The terms “comprising”, “comprise” and “comprises” herein are intended by
the inventors to be optionally substitutable with the terms “consisting of”’, “consist of”
and “consists of”, respectively, in every instance. This does not change the normal
meaning of these terms, and is only intended to provide basis for the substitution, not

to make them equivalent in meaning.

All cited references and publications are incorporated by reference herein.
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EXAMPLES
Examples are provided solely for the purposes of illustration and are not

intended to limit the scope of the invention.

5 Example 1: Tests on low dose IPV formulations
For all the formulations of the example 1, the antigens are adsorbed by
addition of aluminium salt prior to formulation except IPV which is added without

adsorption.
The tables below present the adsorption method for D, T, Pw and HBsAg.

10
AlPQ,

D (7.5 L/ 0.075 mg AI*")
Stirring 15 up to 20 min. at room t°
Adjust pH at pH 5.1 +/- 0.1
Stirring 15 up to 20 min. at room t°
Check pH 5.1 +/-0.1
Stirring 15 up to 45 min. at room t°

Maturation 7 days +/- 8 Hr at 37°C +/- 1°C without stirring {glass vessel)
| with stirring (stainless steel vessel)

Stirring 15 up to 45 min. at room t°
Adjust pH at pH 6.1 +/- 0.1
Stirring 15 up to 20 min. at room t°
Check pH 6.1 +/- 0.1

Store minimum 7 days at +2 / +8°C before formulation

FINAL COMPOSITION per dose
Diphtheria 7.5 Lf (+/- 420 L/ml)
NG 0.075 mg

NaCl 150 mM

pH 6.1 +-0.1
Volume approximately 18 ul

Table 1, Method of prodactions for Diphtheria toxoid adsorption.
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Al(OH);
SUPERFOS type

T (3.25Lf/ 0,070 mg AF")
Stirring 15 min. uI 10 20 min. at R.T.
Adjust at pH 6.1 +/- 0.1
Stirring 15 min. up to 20 min. at R.T.
Check pH6.1 +/- 0.1
Stirring 16 hr. up o 24 hr. at R.T.
NaCl 1500 mM. (ad. 150 mM)
Stirring 15 min, u‘t:) to 45 min, at R.T.
Adjust at pH 6.1 +/- 0.1
Stirring 15 min. up to 20 min. at R.T.

Check pH6.1 +- 0.1

VA> %9>

PCT/EP2007/059390

Storage minimum 14 days at +2°C / +8°C? before formulation.

FINAL COMPOSITION per dose
Tetanus 3.25 Lf (+/- 360 Lf/ml)
AP 0.070 mg

NaCl 150 mM

pH 6.1 +/-0.1
VYolume approximately 9 pl

Table 2, Methad of productions for Tetanus toxoid adsorption.

10
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WO 2008/028956
AIPO,
0:17 mg AF* /d
(Brenntag)

Adjust pH at p|H6.5+/— 0.1
Stirring 15 min. up to 20 min. at room 1°
Check pH 6.5 +/- 0.1

Pw
2010U/d

Stirring 15 min. up to 45 min. at Room t°
Measure pH

Storage at + 2°C - + 8°C

FINAL COMPOSITION per dose

Antigens 1 Adjuvant [ AF] (mg)
Pw 200U AlPC4 0.170 mg
AP 0.170 mg AIPO4

NaCt 150 M

oH 6.8

Volume approximately 65 pl

Table 3, Method of productions for Pw adsorption
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HBsAg
10 ug

AP* 0.20 mg
AIPO4

Stirring 15 min. up to 30 min. at room t°
Adjust pH at pH 5.3+/-0.1

Stirring 15 min. up to 30 min. at room £°
Check pH at pH 5.3+/-0.1

Stirring 20 Hr +/- 4 Hr at room t° (adsorption)

Adjust pH at pH6.1+/-0.1

Stirring 15 min. up to 30 min. at room t°
Check pH at pH 6.1+/-0.1

Store 14 days at room t° (maturation)

Storage 2°C — 8°C

FINATL COMPQOSITION per dose

Antigens Adjuvant [ AF] (mg)
HBsAg 10 nug AlPQ, 0.200 mg
AP 0.200 mg AIPQ,

NaCl 150 mM

pH 6.1+-0.1

Volume approximately 50 pl

Table 4, Method of productions for HBsAg adsorption

Several different formulations were tested:
5 e A combination of Diptheria toxoid, Tetanus toxoid, Pertussis whole cell and
Hepatitis B surface antigen : DTPwgp-HB as a reference (DTPwsy means that
it is a thiomersal free formulation), formulated with the production method 1
(table 5).

10 * GlaxoSmithKline Biologicals S.A. product Poliorix® (IPV stand-alone not
adsorbed) as unadsorbed reference at the standard dose, formulated with the
pr('_)duction method 2 (table 5).
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cr. %ol %P %S 08 | %761 9%a | AUL Ones |

DTPal PVHB Ref erence DITPwWSF-HB-I1PV 1 "Mt hod of

Pr sdrooesioosys@” 1009 PV DTPWSF- HB- |1 PV 2 " Met hodeaafeEP2007/059390
Producti on 31' 100% PV DTPwWSF-HB-|1 PV 1 "Mt hod of
Producti on 3" 504 PV | DTPwWSF-1-1B-1PV 2 "Mt hod of

Pr oducti on 3" 50% PV DTPwWSF-HB-1PV 1 "Mt hod of

Pr odutt AospnBinafigdd8 VightidiiPuseidiBclapvt BxbilkPérodsiofvhole cell,

Pr oduct | B b Bt WA o b B Blycm 1oy it
Pr oduct adsittio'obf @B befteBTFRBRuhted 18th HiIR\produstidnodetinfd 3 (table

Pr oduct 5)on 450% | PV DTPWSF- HB-1 PV " Met hod of
Producti‘on 4" 25% | PV

e A combination of Diphtheria toxoid, Tetanus toxoid, Pertussis whele cell,
Hepatitis B surface antigen and Inactivated polio virus: DTPwgp-HB-IPV with
addition of the IPV just after T adsorbed. This addition method allows IPV

10 adsorption onto AI(OH)3. This vaccine is formulated with the production

15

20

method 4 (table 5).

A placebo containing only aluminium salts, IPV and buffers of the others antigens. As
1PV is the only antigen in this placebo, there is no competition for adsorption.
Therefore, IPV is completely adsorbed. This vaccine is formulated with the
production method 5 (table 5).

The vaccines formulated with production method 2, 3, 4 and 5 were produced with an
IPV dose-range between 12.5% and 100% of the standard IPV dose of 40/8/32
1U/0.5mL.
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EPA EP B EP C USP Bacteria 6h dI
3 Nt Nt

d7 di14 d28 2 3 Nr* 1
Ni* 3 Nit 1 3 N* Staphyl ococus aureus

Eswloexoisobssss col i Pseudononas aer ugi nosa POTEPLO0AGTI390
nmoul ds
Step Method of production 4 : DTPwg-HB-IPV

1 Water for injection to reach a final dose volume of 0.5mL
2 Add NaCl 1.5M to reach a final conceniration of 150mM
3 Add 3.25Lf of Tetanus toxoid adsorbed

4 Add IPV at a dose of

10

15

Type i Type 2 Type 3
401U 81U 321U
201U 41U 161U
101U 21U 81U
51U 11U 41U

5 Stirring
6 Add 115ug of A as AIPO,
7 Add 10ug of HBsAg adsorbed
8 Add 7.5Lf of Diphtheria toxoid adsorbed
9 Stirring
10 Adjust the pH at 6.5+/-0.1
11 Stirring
12 Add 2010U Pw adsorbed
13 Stirring

14 Store at +2 to +8°C

Method of production 5: Placebo

As per Method of production 3, however all antigens other than

IPV have been omitled.

Table 5. Method of productions per 0.5mL dose

For the method of production 1 formulation: HBsAg, D and T are adsorbed separately
on AIPO4, AIPO4 and AI(OH); respectively. The three antigens are sequentially added
to a suspension containing water, NaCl and free AIPO4. The mixture is stirred for 60-

75 min. Then the pH is adjusted to 6.5 before addition of adsorbed Pw.

For the method of production 3 formulation, the three adsorbed antigens are
sequentially added to a suspension containing water, NaCl and free AIPO,. The
mixture is stirred for 60-75 min before IPV addition. The pH is adjusted to 6.5 before

addition of Pw antigens.

For the method of production 4 formulation, T antigen is adsorbed on Al(OH)s.
Preadsorbed T antigen is added to a suspension containing water and NaCl, followed
by IPV types 1, 2 and 3. The mixture is stirred for 60-75 minutes before addition of
free AIPQ.. Preadsorbed HBsAg is then added, followed by preadsorbed D antigen,
and the mixture is then stirred for an additional 60-75 minutes. The pH is adjusted to

6.5 before addition of Pw antigens.

40



d7 d14 d28 2 Nit 1 Nit Nit Nit Nit Ni* N * Candi da

al bi cans Aspergillus niger Table 7. EP and USP
Crwioeniesazddse @ not recovered Ni* : not i ncre®@SEFEP007/059390
Exanpl e 3: Effect of Hi b conmponent on the potency of

I PV and stability of 1PV over tinme Relative potency of

| PV was neasured as described in Exanple | to

deternmine the effects the Hi b conponent nay have on

' PMyP Qe ﬁ%i‘&%é]f 2%&&&%\/@4 uakfudi ﬁ:@&@@ lhd foYeal ofl (RMUBNEFe as

time at rent 1PV doses. The vacclines I nvestl gated

weltlds DoRapiRI M vdved o3 JtimimEraoi-Bupe thie Prpcess ebmanfacfrag the
Hi t:
SDrRaRE PR A8 RO AR PRl
for 8 nont hs, DTPwHBI PV(20-4-16) and stored for 8
nont hs, DTPwHBI PV(10-2-8) and DTPwW I BI PV(10-2-8) wth
reconstituted H b and stored for 8 nonths. RP val ues
were nmeasure relative to DTPal PVvHB (Pedi ari x) (Figure
3a) or Poliorix (Figure 3b). It was found that the H b
conponent has no inpact on |IPV potency. The relative.
pot ency of IPV was found to be naintained at 8 nonths
(Figure 3). Exanple 4: Effect of AIPOX4/AI (OH)3 ratio
on the visual aspect, the adsorption of D and T and
the potency of W Fornul ati ons were perforned wth
change of Al um ni um conposition.
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Tabl e 10. Al PO4/ A0011)3 rati o StepMethod of production
3: DTPwsrHB-1PV 1 Water for injection to reach a fina
dosw awadoaspss of 0. 5nl 2 Add NaCl 1.5M to reachrca/Ereaabsozon
concentration of 150nmM 3 Add 1154 of A3+ with at the
different ratios A (OH) 3/ AlPO4 4 Add 10pg of HBSAg
adsorbed 5 Add 7.5L1 of Diphtheria toxoid adsorbed 6

Ad Pegerpgastionfof Feliopaiency on satsibyepsonagtiglisation rri ng 51

8 Add I PV at a dose of 40/8/32 11U 9 Stirring 10 Adj ust
the pH at 6.5+/-0.1 11 Stirring 12 Add 2010U Pw
adsebeaientg oft the ryagemel avastdsieemiged by g erpgeutralighipne tepy after

Nétlae%ugéulé?r &%ﬁ;ﬂoﬁnoff Qs Qgﬁyg@ “DiMey| @A) @S RBE beMAdand
observed and to ratio acceptabl @ aggregation
| s ‘@b@%dﬁée‘n) ups PELG neive homihe rasevere imeedated mpramiseulary. 5

C&ﬁho(ﬂ sh*ﬁqheat@f’ 1?‘955 Ror&rBIE Paatediai th P\l{osl%ﬁﬁt%ﬁﬁ:r gahne
100@60 e regp dose. The percentage of

an d)rwlm&@h@@h%@ﬁ saligg). Teestemstidrncaigtep yritrthegiluent bgre used
st aa@ h r%ﬁlye SHntrBﬁ eT@Qﬁyofo%le@ tw@&l}fs ghlncm@ gloaﬁatﬁm (m]munlsatmn

treat of 7 days ‘at 37 Results are presented in
Taliedod)Deagh @gnipgpl was deeply anesthetized prior to blood collection by cardiac

puncture. Blood samples were centrifuged (at approximately 800 g), and serums were

analysed.
Seroneutralisation test:

Sera were inactivated by incubation at 56°C for 30 minutes. Three dilution series of
the sera, one for each polio type, were prepared in microplates using the appropriate
dilution medium. For the three polio virus types, a predetermined amount of virus was
added to the sera dilutions. The three virus suspensions were diluted taking into
account their respective titers. The final dilution is called ‘working dilution’. Each
working dilution was added to the corresponding microplates. Plates were then sealed
and incubated at 37°C 1°C for 16 hours. Hep-2 cells were then added and
microplates were incubated at 37°C £ 1°C for 7 days. The cytopathogenic effect
(CPE) of the virus was read using an inverted microscope after Coomassie blue

colouration.

The presence of anti-poliomyelitis antibodies inhibits the growth of the virus and the
appearance of the corresponding CPE. The anti-polio virus titers {type 1, 2 and 3)

correspond to the reciprocal of the last dilution without any CPE.

In each group, animals with neutralising antibodics are recorded and the antibodies
titer of each serum sample is determined for the different type of poliovirus. The
neutralizing antibody titer is expressed as the log? of the inverse of the highest dilution
of the serum sample that totally inhibits the cytopathic effect of poliovirus on Hep-2
cells. The geometric mean titer per dilution (GMT) and per virus type is then

determined for each group of rats.
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7d37C TO 7d37C TO 7d37C PwsF 0% <1% . <1% 25% <176
WO 2008/028956 PCT/EP2007/039390

For each type of virus, the vaccine dilution and subsequently the amount of D-antigen

which induced neutralising antibodies in 50 % of the rats (ED50) was also calculated

by probit analysis. The ED50 was ¢xpressed in D-antigen units.

In order to quantify the potency relative to that of the reference vaccine (usually
Poliorix®, but may be a DTPaHBIPV vaccine such as Pediarix®), the relative
potency (RP) defined as the ratio of two equivalent dose responses in a multi-dose test
was measured. In this approach, the potency of the test vaccine is calculated by
parallel line assay as described in Finney, 1978 (Statistical Method in Biological
Assay, Charles Griffin & Company Ltd, London, 1978).

Determination of the Potency Polio Type 1, 2 and 3 by ELISA

The determination of the potency Polio by ELISA is performed in one or two steps
depending on whether measurement is being carried out on bulk unadsorbed IPV vs

formulated vaccines respectively:

1. Desorption for final adsorbed vaccine (for measuring D-antigen units in formulated

vaccines — not required for measurement in unadsorbed IPV antigen bulk);

2. ELISA test for the quantification of D-antigen content of desorbed and unadsorbed

vaccine and/ or polio bulk
Desorption step

After centrifugation for 10 minutes of the adsorbed vaccine under test, three
successive desorptions are performed, by adding a desorption phosphate buffer to the
pellet, mixing and incubating at room temperature. The first and the second
desorption periods are of 2 hours, the incubation period for the third extraction being
one night at room temperature, The harvests from the three extractions are pooled and
diluted with phosphate buffer solution (PBS) without Ca and Mg containing bovine

serum albumine (BSA) and Tween 20.
The three poliovirus antigens are quantified by ELISA as described below.

D-antigen quantification by ELISA;
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29% . 5% 50%::, 41% 100% 49% 23% 1 i %
Tabl e 12. Percentage of D toxoid desorption in
DTRudHBedif28ssoni t h | PV dose-range  RATI O Al ( OH) BITAlPB¥ 4059390

Microtiter plates are coated with specific rabbit anti-polio virus (type 1, 2 or 3) IgG,
diluted with carbonate/bicarbonate buffer (pH 9.6), and incubated overnight at 4° C.
After washing, the saturating solution (phosphate buffer saline w/o Ca and Mg -+ 1 %
BSA) is added. Blanks (PBS) and serial dilutions of vaccine samples and in-house
unadsorbed standard are added in duplicate. The in house trivalent standard
preparation contains calibrated type 1, 2 and 3 antigens. The calibrator ig the

European Pharmacopoeia Biological reference (EPBRP).

For all following steps, the microtiter plates are incubated during 1h30 at 37°C and
washed. Rabbit anti-polio virus (type 1, 2 or 3) IgG conjugated to peroxydase, diluted
with phosphate buffer (w/o Ca and Mg + Tween 20) containing BSA, is added. The
substrate solution, containing the tetramethylbenzidine dissolved in dimethyl
sulfoxyde (DMSO) and diluted in acetate buffer containing 0.003% H,O», is added,
followed by a 15-30 minutes incubation in the dark. The blocking solution, containing
H,S0,, is then added. Within one hour, the optical density (0.D.) of each well is read

using a photometer set at 450 nm with a reference at 620 nm.

The D-antigen concentration in test samples is calculated from the standard curve

obtained by plotting the O.D. values against the standard antigen concentrations.

As a supplement to the Potency by ELISA, any unadsorbed IPV antigen may be
detected by the completeness method:

Completeness of adsorption to adjuvant unbound Polio Type 1, 2 and 3 by Elisa

Two successive centrifugations are performed. The supernatant is then harvested and
tested undiluted in duplicate on microplates by ELISA. Microtiter plates are coated
with specific rabbit anti-polio virus (type 1, 2 or 3) IgG, diluted with
carbonate/bicarbonate buffer (pH 9.6), and incubated overnight at 4° C. After
washing, the saturating solution (phosphate buffer saline w/o Ca and Mg + 1 % BSA)
is added. Blanks (PBS), supernatant and in-house unadsorbed standard are added in

duplicate.

For all following steps, the microtiter plates are incubated during 1h30 at 37°C and
washed. Rabbit anti-polio virus (type 1, 2 or 3) IgG conjugated to peroxydase, diluted
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with phosphate buffer (w/o Ca and Mg + Tween 20) containing BSA, is added. The
substrate solution, containing the tetramethylbenzidine dissolved in dimethyl
sulfoxyde (DMSO) and diluted in acetate buffer containing 0.003% H,O,, is added,
followed by a 15-30 minutes incubation in the dark. The blocking solution, containing
H,80,, is then added. Within one hour, the optical density (0.D.) of each well is read

using a photometer set at 450 nm with a reference at 620 nm.

The completeness is considered positive (antigen in the supernatant) if the mean OD
of sample is higher than the mean OD values of blanks + 3 standard deviations and if

the mean OD of sample is higher than 0.1.

In case of positive completencss, the antigen content is measured by ELISA method
as described in the second step of the Potency Polio Type 1, 2 and 3 by ELISA.

Method of measuring International Opacity Unit 10U)

Cell concentration (IOU) can be determined using either visual JRPO (International
Reference Preparation of Opacity) standard solution or by absorbance measurement at
660 nm.

The opacity of Single Strain Suspension is then determined by applying the “assigned
opacity” equation as follows:

AO=LO/KOxCO,

where AQ = assigned opacity, LO = live harvest opacity, KO = killed harvest opacity,

and CO = concentrate opacity.

RESULTS

Determination of potency polio on rats by seroneutralisation at the standard
40:8:32 dose

Experiments were performed to determine the potency of IPV types 1, 2 and 3.
Results are shown in Table 8 below (in the present document, 40:8:32 D-antigen units
of IPV types 1, 2 and 3 respectively is equivalent to 100% IPV dose).
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i 50%5%61%cl 51% 100% 8% 63% <1 41% 29% Table

13. Percentage of T toxoid desorption in DITPWHB-1PV

Wi Wio 2bdB2sdsise- range | PV adsor ption was f ol | oW€aEPIRE0SI390

stability of the adsorption was followed by a

treatnment of 21 days at 25C. |PV Estimation of tm not
P

n

adsor |

Ref. Poliorix 20.78 3.88 40.02
Ref. DTPaHBIPV 321 0.57 562

DTP WSF-HB-IPV
Method of production 3

<1.93 0.64 <2.57

Table 8. Potency of IPV types 1, 2 and 3 in three different vaccine formulations.

The DTPwsr-HB-IPV formulation (100% IPV) presents IPV potencies better than the

reference Poliorix and similar or better than the reference DTPaHBIPV.

Evaluation of IPV potency with reduced IPV dosages

The potency is measured by in vitro and in vivo methods described above.

The potency by Elisa of reduced dose IPV for both formulations of methods of
production 3 and 4 was examined ir vifro and compared with reference DTP2aIPVHB
as shown in Table 9. Two batches for each formulation were tested for method of

production 3.

The percentage of recovery was calculated with regard to the antigen content taken
from IPV bulk for each formulation {e.g. 40/8/32 for 100% IPV containing
formulation; 20/8/16 for 50 % IPV containing formulation; 10/4/8 for 25 % IPV

containing formulation; 5/2/4 for 12.5 IPV containing formulation)
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Table 9 show that the adsorption completeness is similar for all IPV doses. The Type
[ and Type 3 are strongly desorbed (17% - 74%) while the Type 2 stay well adsorbed.
The three types are well adsorbed for the placebo formulation for all the IPV doses.

The adsorption is similar as for DTPalPVHB reference vaccine.

There is a variability IPV completeness because of the fact that the completeness
quantification method is not validated neither for DTPwHB IPV formulations nor for
lower IPV concentrations (<40/8/32 D-antigen Units/0.5 ml).

The relative potency (expressed in comparison with reference poliorix vaccine) of
reduced dose TPV for both formulations of methods of production 3 and 4 was
examined in vive in comparison with reference formulations as shown in Figures 1

and 2. Two batches for each formulations were tested for method of production 3.

Figure 1 shows that the IPV potency of DTPwSF-HB-IPV with 100% IPV is slightly
greater than the potency of IPV in DTPaHBIPV. The IPV potency of DTPwSF-HB-
1PV 50% from the formulation of method of production 3 can be seen to be similar to
DTPaHBIPV 100%. The IPV potency for DTPwSF-HB-IPV 25% of method of
production 3 is slightly lower than for Poliorix®. It was also found that 12.5% of the

IPV dose was not sufficient to obtain a good IPV potency.
Figure 2 shows that the IPV potency is similar for the formulation of method of
production 3 and the formulation of method of production 4. It is also shown that

there is a trend of better potency for the placebo than for DTPwSF-HB-IPV.

These data therefore confirm that a reduced dose of IPV is sufficient to obtain a good

potency ir vivo.
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Example 2: Feasibility of using no thiomersal in vaccines of the invention

The Preservative Efficacy Test (PET) allows the demonstration of the antimicrobial

activity of the tested vaccine. The test consists in:

- challenging the vaccine preparation, in its final container step, with a

prescribed inoculum of suitable micro-organisms,
- storing the inoculated preparation at a presctibed temperature

- withdrawing samples from the container at specified intervals of time and

counting the organisms in the taken samples.

The PET testing procedure is described in the European Pharmacopoeia (5.1.3) and in
the USP (<51>). According to these guidelines, the antimicrobial activity is evaluated
by comparing the reduction in the number of viable micro-organisms with the criteria

mentioned in the following table (Table 7)

Microorganisms Criteria : log reduction
Time EP A EPB | EPC USP

Bacteria

Staphylococus aureus 6h 2

Escherichia coli di 3 1 Ni*

Pseudomonas aeruginosa d7 3 Ni* |
d14 3 3
dz28 Nr* Ni* Ni* Ni#

Yeast and moulds

Candida albicans d7 2 Ni*

Aspergillus niger di4 1 Ni* Ni*
d28 Ni* Ni* Ni* Ni*

Tabie 7. EP and USP Criteria

Nr* : not recovered
Ni* : not increased
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>30% >30% - 10- 30 >30% >30% Tabl e 14. Percentage of

| PWoceesmgsé on in DTPWHB- | PV wi t h | PV dose- r eRe&PTIa#059390
irfrease of the Al (CH)3 content in the formul ati ons

a .

per Pl ARA BN Lok JBARY SRR piidler o L1V A8 subitey TPV
Al (@D@!@Ale ratio of 46/69. At this ratio: The T

ant; A SRERY, ?'TPVSW QR s d@scﬁ@ed Qeﬁb@%te' PR &ftérﬁfne the
rat &d

an acce st abl ity stud s at 37

pr exdlerts theJ0bronpaeganaythisgnort B%/V pyieney @w@l foovahpate thaﬁéabﬂlty of

;E\fg{/y REer %g%dgprﬁﬁgent[)?ls@r BskON Ofhet DLl SinesREtdl Svere
DTPWHBIPV(4() 8-32), DTPwHBIPV with reconstituted Hib and stored for 8
months, DTPWHBIPV(20-4-16), DTPwWIIBIPV(20-4-16) with reconstituted Hib and
stored for 8 months, DTPwHBIPV(20-4-16)
DTPwHBIPV(10-2-8) and DTPwWHBIPV(10-2-8)

for 8 months. RP values were measure relative to DTPalPVHB (Pediarix) (Figure 3a)

and stored for 8 months,

with reconstituted Hib and stored

or Poliorix (Figure 3b). It was found that the Hib component has no impact on IPV
potency. The relative potency of IPV was found to be maintained at 8 months (Figure
3).

Example 4: Effect of AIPO4/AI(OH)3 ratio on the visual aspect, the adsorption of
D and T and the potency of IPV
Formulations were performed with change of Aluminium composition.

The formulations DTPwgp-HB-IPV usually contains 630pug Aluminium: 560pg AP

as AIPO4, 70ug Al3+ as AI(OH);. Aluminium salts are used to adsorb D, T, Pw and
HBsAg. 115ug Al**of free AIPQ, is added during the formulation.

Formulations were performed with the following ratios of free AP

AOH)3 AlPO4

g A3+ jg AlS+
Lot 1 0 115
Llot2 23 92
Lot 3 69 46
Lot 4 46 69
Lat5 92 23
Lot 6 115 0

‘Table 10. AIPO4/AI(OH)3 ratio

Method of production 3: DTPws~HB-IPV

1 Water for injection to reach a final dose volume of 0.5mL

2 Add NaCl 1.5M io reach a final concentration of 150mM

3 Add 115ug of AP with at the different ratios AI{OH)s/AIPO,
4 Add 10pg of HBsAg adsorbed
5

6

7

Add 7.5Lf of Diphtheria toxoid adsorbed
Add 3.25Lf of Tetanus toxoid adsorbed
Stirring
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The fornul ations with the ratio 46/ 69 were tested

in-vivo and conpared with Tetravac,
DTP&I 2P08/00386Ci ne.

Poliorix and a
Sanpl e ED50 Type 1 Type 2 PRf{FE2087/059390

DTPw HB-1 PV 100/ o/ H B Rati o 46/69 <1.93 <0.64 2.57

DT

DT
10
11
12
13
14

Adjust the pH at 6.5+/-0.1
Stirring

Add 2010U Pw adsorbed
Stirring

Store at +2 to +8°C

PW- EBabdAWy 204kl Batrasd 0 46/ 69 <1.59 0.46 <]
PW- bBsilirfi 25% H S Ratio 46/ 69 3.08 0.96 3.1

L. 67
5

Table 11, Method of production for DTPwIB-IPY

Visual aspect was observed and up to ratio 69/46, acceptable aggregation is obtained.

Formulations were performed with the same production method and a dose-range for
IPV between 0 and 100% of the regular IPV dose.

The percentage of D and T toxoids adsorption was measured by ELISA. The stability

of the adsorption was followed by a treatment of 7 days at 37°C. Results are presented
in Table 12 and 14.

RATIO Al{OH),/AIPO,
1PV dose 23/92 46/69
7d37°C| TO | 7d37°C
Pwgr 0% ¥
25%
50% :
100% SRes

Table 12. Percentage of D toxmd deserphon in DTPwI-IB-lPV with IPV dose-range

RATIO AOH),/AIPO,
IPV dose 01115 23/92 46/69
TO 7d37°C ToO |7d37°C| To | vdsrC
Pwss 0% 1% 2% /
25% 1% 5{%,9
50% £1% =i 1 o
100% 5%, <} 41% 1%

Table 13. Percentage of T toxoid desorption in DTPwHB-IPV with IPV dose-range

IPV adsorption was followed. The stability of the adsorption was followed by a
treatment of 21 days at 25°C.

Estimation of Ag not adsorbed
1PV RATIO Al(OH)3/AIPO4
0/115 ' 23/92 46/69
Dose | Type 21d25°C 21d25°C T0 | 21d25%C
0% N/A N/A AG(.;REGA’UG\
Type1 - I : P B
25% | Type2.
Type3d
&,
0% | 1ypet | >30% | >30% | ~50.20%
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Tetravac 8.53 0.39 9.15 Poliorix 9.52 2.64 15.06

DTPaHBI PV <5.18 <0.64 15.01 Table 15. In-vivo
powanois@sssesul ts There are no significant diFCTEPEATES30
(ED50) between the DTPw HB-1PV formul ati ons.

DiyPaHBI RV Tet[rauageand . RokonTX:{give| Sigd ar] Tesul T[S, “ips

inferior tygtreDTF’vaBva ormulat|Tons (exEepta fo
the type ﬁpfeg'r_ V\hi:%({;};] 'E_l| Iﬁtehe forgubat | ongeArel  aou 309

=

eduivat e Xanpre—g3.- T TatTomnm of [ﬂ\e,

£.

nesw;t hl reguced ..3gu;

i qvesti ga{.\i{pgrial J;);[?gv HB\.ZSBIEE%V,/ } :
A ‘

. A Dl LT Y ] i VA nad
| Fvumsa;g S Phasg:H i feaskbi dy RS Pl anped [t o ae:

adsess’ thePifinunogeni dity— reactogeni ¢ty —and safEty
off three di ffelre%% orjmul-ati ons -.af..GSK Bhgl,ogj caks S30%,

i r\lnr-i- 3

\ 7 LS A

et Ot WHEBY P H IA_”V «\'-:‘i S I}J(JlléuI O
t he PG e T v

adm ni stered conconmitantly. Indication/popul ations:
Primary i mmuni zation of healthy infants in the first
weee Of crbdst & rafidi Aedd RReherd the foRh@Mbhs MBS WA SddSorption
he%ﬁ%% enpforBo'lI‘l itis and Haenophilus influenzae
type I Seases. udy groups: DTPw HBV-1PV(standard

do ' ' . - LPY( .

doa By PHeD 4R M B B O DR Gor 40/
dos&)tﬁiﬂago,vacci ne DTPwHBV/H b + | PV vacci nes
Co-prinary objectives: The co-primary objectives will
be asseggeq Jnh 5 8URMbA & coPMEM Th. - Bosorphiéh SRS AR dc@Rehted

third oRigelisies ot hidys BE3 PESHERRC20% of dedorptB for D, <30% for
precedi fg one has beén met.

»  Each IPV type is adsorbed. Desorption of the Type 3 occurs 21 days at 25 °C.

The formulations with the ratio 46/69 were tested in-vivo and compared with
Tetravac, Poliorix and a DTPalP'V vaccine.

EDS0
Sample
Type 1 Type 2 Type 3
DTPw-HB-IPV
100%/HIB «<1.93 <0.64 2.57
Ratio 46/69
DTE&";/':}’F?I;PV <1.59 0.46 <167
Ratio 46/69
DTPw-HB-IPV
25%/HIB 3.08 0.96 325
Ratio 46/69
Tetravac 8.53 0.39 8.15
Poliorix 9.62 2.64 15.06
DTPaHBIPY <5.18 <0.64 15,01

Table 15. In-vivo potencies results

There are no significant differences (ED50) between the DTPw-HB-IPV
formulations. DTPaHBIPV, Tetravac and Poliorix give similar results, inferior to the
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1 To denonstrate the non-inferiority of the

DTPw HBV- | PV( st andard dose)/H b vaccine to the |IPV
vawo nes/egsadn ni stered with t he DITPw HBV/ Hi bpCTaRpetomeso3on
in terms of antibody response to the three poliovirus

L YR$ Py ﬁﬁ%v%lﬁ%ﬁse{ex&e EroPihk >ﬁ %@&&bt{‘ﬁt i @orﬁﬁléﬁ&ﬁ -are
The, &Qﬁl@;ﬁ Ive of non riorit be reached

t he upper [imt of the standardi sed asyrrpt otic 95% cl

on the difference between groups (DTPWHBV/H b + | PV

m nus DTPw HBV- | PV(standard dose)/H b) in terns of

S eI ES: t Clixfical a@satiolof fiRGhvesfigatibaal DTPReHBWL-IPOVHIBUS

t Y p@scihdwith relidded 1PV dbesmnstrate the non-inferiority of

t he DTPw HBV-1PV(49% of standard dose)/H b vaccine to

t hea Phide VI Cabini@ityCotndydibRsd as askessitidintnnmogdhRivy HBAddehicity
VaG@t Befetly Bf thede B Fedént &tinblab6ly of GSH@IsIegit s’ tiestigati@al DTPw-
POIHBVIPWSIE yaRmhe a0ndmpadd o dfd &mnlididalpDTPRHBV/Hib and IPV
VaGabdiahs a@RinBRd$encoitenthj ective of non-inferiority
will be reached if the upper limt of the standardi sed

asyrrpx Othdcatio al@bnkhe di fference between groups

( DT %ﬁ?ﬁﬂﬁﬁzﬁhf%& 19ahkis inEhRVin HBVikiRVEA DY0iES agatrdndlptitheria,
doseubust Eértdssﬁs tiRpdrRis OB, PEHoRPERIsCald HheridhRiss ffliere@Cfpe b
of (ﬁgggseg ree poliovirus types is s'10% To denonstrate
the non-inferiority of the DTPw HBV-IPV(26% of

st R gse)/ H b vaccine to the | PV vaccine

co- admgﬁ?dséter ed with the DTPwHBV/ H b vaccine in

ter WBIﬁwaalHBVhpﬁéétah@a?@@&h%ﬁHﬂ)Gm&dﬁ& three poliovirus
types ne er t ri vacci nati on course.
The o T%&Hggr}%\?@g S‘ﬁf“galuf @%Fﬁ%&ﬁcf“be reached if

t he umEPw-HBWIPV @Ko dfetasdaaddtae)Xfilib @eccasynpt ot i ¢ 95% Cl

on th | f t ween groups (DTPWHBV/ H b + | PV

m nusﬁ@%ﬁﬁ%ﬁﬁwﬂﬁ standard dose)/H b) in

ternms of seroprotection rates for each of the three

pol i ovi Coprinypesbiestiws:10% Secondary obj ecti ves:

| mithe @g@riimaiyt objcbivea yg kb s atshwsed mrrameyth inpintey: itchée second and
DT RinirdHiRNect iR/l be gsagsshiddatyaf tha preceing ane hasrheen wét.

r espofis dethensadit theasw@i-interiantyi efeths OTiRweldB W dPV&ondax tdase)/Hib
t he DidevimdiB\th¢HIRY eavdint By admiaistersdsvithothe BPwH B el vaccine in
React legenofcittipodioresmass ® thhahice poliogen itypes, yona mabngha ffidr ythe
of t hgrimsdryidaccmatomicoess. in terns of solicited synptons,

{Jlgigl g%lit % ct(l% gg‘y ~in, lgl‘l %l§%§pfgj\%§§% theY Ghpe? - lmgz)zt of the
DTPW-
f’éﬂe.dve %% Izsff(gé%df'd%f& %%f %5 terms of

Phi | i pg’lo%rg Sec; ion ra%f }St)r Celach O‘Egt? ree po igitus bipes Ry
post - Vaclemprastrito rth® non-infesénrity rmé they mWaHBEﬂBV(@W)of standard
2008/ ORETHE PETAERE AE7IPY56890c Magkiinistered withl the PERWdERHIb
Pr esevuaceing ontelvind ofnantibody response to the three poliovirus types, one month
after the primary vaccination course.

The objective of non-inferiority will be reached if the upper limit of the
standardised asymptotic 95% CI on the difference between groups (DTPw-
HBV/Hib + IPV minus DTPw-HBV-IPV(49% of standard dose)/Hib) in terms of

seroprotection rates for each of the three poliovirus types is <10%.

¥v" To demonstrate the non-inferiority of the DTPw-HBV-IPV(26% of standard
dose)/Hib vaccine to the TPV vaccine co-administered with the DTPw-HBV/Hib
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GSK Bi ol ogi cal s' DTPw HBV-I1PV/H b | PV conponent
(standard dose) | PV conponent ( 49% of standard dose)

| Pwocossmessent ( 26% of standard dose) Di pht heRGTg&EP2007/659390
toxoid: not less than 30 11U (7.5 Lf) Tetanus toxoid:

Not | @Sdnd ARmAC! dkibody 25spbhsk tﬁ%dﬁ;egl oSt 4281 ohe month
Ki |l effier @@ britn %%&t}anojmuﬁ 1-113sAg: 10

pg Alum niumas salts; O. I nact i vat ed PoHovi r.us
type The abjegyvgntfi anﬁﬁf"ﬁ%’ w@éf irgached) ‘Pfﬂel GPer Jgiit ggpéhe
2. 8 pardisgdnrsumpedc PRkt wALBY BT Pavesn geougs (

D ant PE&ATRrA BY roey 3P w-{BY- fé’{’%\%ﬁf’aﬁfoﬂ%@‘é ﬂPS tb) in terms of
(40- 8sBropgomERtes AT pack bt Hyer ReGeEr s s i £30%. 32)
V\F‘ntl.shsécbgaar obfctiRpodose vials 0.5 nl of the

I eGRfio vaccli ne Conjugate of Haenophil us

| nfloUeREARe iRfo rgenﬁ,%? el IRFPoRABYSREANS dalRidard vac ik iR BSms of
TetraBbise tOXQvaccine-ahHedd M@&g&@an F#h G DTA- B VRSPV

salvggcme_s@o g)(gmﬁg@l%ae dr| ed pell i n nonodose vial s
GSK Bi ol ogi.cal s' DTPw HBV/Hi b (ZilbrixTm Hib)

Di pifeHeEMEox0i d: not |ess than 30 | U (7.5 Lf)
TetTawgeS% the gragtoepnigity) and salefyaof 1B spdy yaccpss ip }erms of solicited
BorsyEpiems. é’nfS’é‘F‘lt“ﬁngEmmR A1 ssgousgdyerieg¥enty han 4 | U (20
OQU) r-DNA HBsAg: 10 pg Alum nium as salts: 0.66 ng
Thi oner $aéeinaBioR ek i sh liquid in two-dose vials 1 m
of ThRR-doQCHTISdry VatbRSioaRRIdOR at 6, 10 and 14 weeks of age. All subjects

receive a birth dose of Hepatitis B.

o Country:
Philippines

+ Blood sampling:
Pre-and post-vaccination 3

+ Vaccine formulations:
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Conj ugat e of Haenophilus influenza type b capsul ar

pol ysacchari de:

Laotoos@2éds 6 ng Al um nium as salts:
Freeze- dri ed peI I et
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2.5 pg and Tetanus toxoid: 5-10 pg
PCT/EP2007/059390
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The DTPw-HBV-IPV formulation combines diphtheria toxoid, tetanus toxoid, three
Bordetelia pertussis strains, the purified major surface antigen (HBsAg) of the
Hepatitis B virus (HBV) and the inactivated polio virus (IPV). These antigens, except
IPV, were first pre-adsorbed on aluminium sait before being mixed with aluminium

salt, sodium chloride buffer and water for injection.

Adsorption of diphtheria toxoid

The diphtheria purified concentrate was adsorbed on aluminium phosphate in a ratio
of 15 Lf Diphtheria toxoid / 0.15 mg Als+. The two components were stirred for 15 up
to 45 minutes at room temperature. The pH was adjusted to pH 5.1 + 0.1, followed by
stirring for 15 up to 45 minutes. The mix was stored for one week at 37°C. After
stirring of 15 up to 45 minutes at room temperature, the pH was adjusted to pH 6.1
0.1. The adsorbed concentrate was stored at +2°C —+8°C for at least 7 days before
final formulation of DTPw-HB-IPV vaccine. Figure 1 hereafter highlights the
adsorption manufacturing process of the pre-adsorbed Diphtheria bulk.

Adsorption flowchart of diphtheria toxoid
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Stirring 15 up to 45 mnutes at roomtenperature
Adsorption 7 days at 37C 1, Stirring 15 up to 45

m Wk2068/02895¢ oom t enper at ure Adj ust and check REHEPBOH059390
0.1) Store mininmum 7 days at +2C . +8C before

formul ati on Adsorption of tetanus toxoid The purified
tetanus concentrate was adsmpigad on al um ni um

hydroxide in a ratio of 3.25Lf / 0.07 ng AP*. The two

conmponents were Sti rr@?ém/olﬁm%mg,,)_zo m nutes. The
pH was adjusted at pH 6.1 0J1. The m x was stored

under stirrghgidg45 4p t¥R5MRindtbs Mt ¥bemAen]

re
tenperature A sodium chloridg solution of 1500 nM of

nom nal concentratA@isMasy el s 230ymM) . After
stirring of 15 up to 45 m nutes atesjroom)ten'perature,

concent 1 at o piid £3 pble 2p minflic ot Sprrehplaniire |,

days before final f ' \T. BV-1 PV vacci ne.
Adsorption fl omhar?“o%yr@zé'gaggg? g‘xm AAI(CH3 5T

(3.25 Lt /0.Q7. 3 . iLring 15 up
to 20 m nut 5&"&@?%%‘%’3 Jan u{eusraet ’?8%9@'%'# check
pH 6.1 0.1 Stirri 16 hpurs u ours at room
t enper at ur e 15I\IaCI£‘%§5€amU]Z %@%kﬁ?ﬂ%;bgtl rring 15 up
to 45 mnutes_at roomte r r dj and check pH
(6.1 0.1) 203§1r8r"é'"m“|’1'i“%§?yfé?l{_o*§y -a#%?ég”isc bef ore
formul ati on 25 Adsorptionf®6PUIBMeL; i tis B antigen The
sterile purified HBsAg bul k was m xed with a sterile
suspensi on of al um ni um phosphate in order to obtain a
sus&iﬁﬁpw phtedanusoiexaichs per 10 |ig HBsAg, 0.2 ng .
AP Tiha gurifiadristriug aonspritsistFeas eYisorbes on Alymigen hydiosds in g sgtio of
vol3Bed-fé .02 bwal* 5 qiwo cgipponents were stirred for 15 up to 20 minutes. The
pH was adjusted at pH 6.1 + 0.1. The mix was stored under stirring for 16 up to 24
hours at room temperature. A sodium chloride solution of 1500 mM of nominal
concentration was added (ad 150 mM). After stirring of 15 up to 45 minutes at room

temperature, the pH was adjusted to 6.1 £ 0.1. The adsorbed concentrate was stored at
+2°C -+8°C for at least 14 days before final formulation of DTPw-HBV-IPV vaccine.
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Adsor ption procedure of HBsAg HBsAg (10 lig /0.5 m)
35A13+(0.2 ng /0.5 M) (AIPO4) Stirring 15-20 m nutes
at woaassiopssssper at ure Adj ust and check pH (5. 3 PCO/ERJ004G9390
Stirring 16-24 hours at roomtenperature 4, Adjust pH
at 6.1 0.1 45Store 14 days at room tenperature
Storage at 4C AlgQipidrotowthaftwr Rfdrugeskoldie Al PO4
solution was transferred aseptically into a sterile
vessel . The solution was saioOH} for 5 to 10 m nutes
sand the pH was adjusted to 605 +/- 0.1 with 1M HCl1 or
5 0. 5M NaOH direct! yTi(8.258/ 80758y AlsThe sol ution was
stirred for 15-20 m nutes. The pH was checked (6.5 +/-

0.1) and adpy#imfhs ipheeonsinites diebomaemprattaor ption,
the pertussis pool ed harvest |[(PPH) was nmixed for a

1om ni mum of 15 m nup_\gﬁls%h%hbg( BRis%.7R@.f hen the PPH
was added into the sterile vassel containing the

ALPO4. The Susgﬁg@'&ﬁs%ﬁré& w&'gsefs gAML 5

m nutes at room enmperah, li'i),:fg coul d be stored
over ni ght at roomterrperatu the product was
stored overni ght aty ?t.'% t had to be
resuspended for m n| nu mn belyl

distributio ﬁgg‘g The Pw
adsor bed bulEl’FJrr tr| E'f'éa{%%%t rgértnet?ﬁpe
bottl es and store - 8 of PW
adsor ption Tr ansf %ﬁﬂ%”%ﬁ‘ ﬁr%efg{%;\f)nl ess st eel
20y essel Adj ust E{H t0 .6. 5+Jf:}gaysat+21“0 Stééi@%igr 15- 28
H an

mnutes at r
adj ust if necessary (6 5+P"B"“f'}'°§5Add the PPH in the
sterile stainless steel vessel Stirring mn. 15

m nutes at roomtenperature
25 Adsorption of Hepatitis B antigen

The sterile purified HBsAg bulk was mixed with a sterile suspension of aluminium
phosphate in order to obtain a suspension which contains per 10 ug HBsAg, 0.2 mg
AF+(as aluminium phosphate), 150 mM NaCl in a final volume of about 50 ul.

30
Adsorption procedure of HBsAg

HBsAg (10 pg /0.5 mi)
\
335 Al3: (0.2 mg / 0.5 mi) (AIPOq4)
\
Stirring 15-20 minutes at room temperature
1
Adjust and check pH (5.3 £0.1)
40 4
Stirring 16-24 hours at room temperature
Adjust pH at 6.1 £0.1
i

45 Store 14 days at room temperature

Storage at 4°C
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Distribution in glass bottle 30 Storage of the Pw
adsorbed at 2-8C DTPW HBV-1 PV FI NAL FORMULATI ON 35 The
pr swemes/0ase done as foll ows: The sodi um chl AOTdER2007/059390
solution and water were mxed for injections in order
L 0 QEdYrFiliSh 8f PhitigeaNcentrati on of 150 mM NaCl.
A1P04vvas added in order to obtain a free Al
Pi%l ‘RE(@tsbﬁﬂomasQraﬁ&éréa% RSfly idb' 8 sells QkRQdTdEbution was
%&};r 4o lﬁgﬁadﬁ fh ﬁrhhfu%@& L. (I‘q‘gtﬁqM BCl or
501 e@e &l &ﬁﬁ&?@&rsﬁﬁé@ﬁr 0424 Rirkted, 1 pH

HBQAQ 4 g%gsé s .25 Lf tetanus
toyé)eko hh’é ( %Fﬁhe siist A Q‘é?% Gl o P o

r tg g? 11sterile vessel
19 lét in: s a stl lufnl‘j R Q{ 110
1df O v&?

t oc‘)ﬁi T mifh bE Eés ﬁ glﬁ%% 6

. a
m o %te ta

0. i;;;m’ 3?@ ‘i b v9a9 '&% {eﬁ net‘o ;ﬁié%deg‘aﬂ feLd rﬁtt ngs o

obt'arn a | naI concentration

I15Stirring for 15 to %omhmtefs?vaadsmpimrt errperature. pH
was neasured The final bul k was stored between +2C
and +8C unt i [fransfen APOsdn plerileistainless sleelwensel of
DTPw HBV vaccine WEIl at 0.5 Ml 4, 10NaCl 1.5 Mat 150
nv Al PO4( 115 i g Al a+Adjust pH to 6.5+/-0.1

20 ¥

m

O

Stirring 15-20 minutes at room temperature
1

Check pH and adjust if necessary (6.5+/-0.1)
2

25 Add the PPH in the sterile stainless steel vessel
\
Stirring min. 15 minutes at room temperature
1
Distribution in glass bottle

30
Storage of the Pw adsorbed at 2-8°C

DTPW-HBV-IPV FINAL FORMULATION
35  The process was done as follows:
- The sodium chloride solution and water were mixed for injections in order to
achieve a final concentration of 150 mM NaCl.
- AlPOswas added in order to obtain a free AP* concentration of 0.115 mg/dose
- The adsorbed HEF, diphtheria and tetanus concentrates were added in order to
40  obtain a final concentration of 10 pg of HBsAg, 7.5 Lf diphtheria toxoid and 3.25 Lf
tetanus toxoid per 0.5 ml dose.
- IPV was added in order to obtain a final concentration of 40/8/32 or 19.6/3.9/15.7 or
10.4/2.1/8.3 Ul/d.
- Stirring gently for 60 up to 120 minutes at room temperature.
45 - pH was adjusted at 6.5 +/— 0.1
Stirring for 15 up to 20 minutes at room temperature.
pH was checked: 6.5 +/— 0.1
Adsorbed Pw concentrate was added in order to obtain a final concentration of 20
10U per 0.5 ml dose
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HBsAg adsorbed 10 pg 15 Di phtheria adsorbed 7.5 Lt

Tet anus adsorbed 3.25 Lf 201 PV 40/8/ 32 or

19v8) BogN289%56 7 or 10.4/2.1/8.3 U /d 4, Stirri mEToR2e7/059390
up to 120 min. at roomtenperature 4. Adjust and check

PH ( §tirPing for 95 @45%%111%2@%9{@1%96@@&' QU 4. Stirring 15
M N. i Rval Refiire N. at room tenperature 30 Exanple 6:

O i Mgagnaeial B 48 Rbwdh ¢z¢@é.4ﬁ8¢sb© il (ﬁﬁﬁllg
DTPa- HBV-|1 PV/ H b vaccine with reduced R b and | PV

glosages A Phase |1, exploratory study is planned to
assess the | Mmusegamich flokchhrt € DDRMMBYI iagcind and
safety of 4 different formul ati ons of GSK Biol ogi cal s’
i nvesti gati onal DTPaHBV- MAW/dtiots maicci ne versus the
conmer ci al DTPa-HBV-1PV/ Hi b Jvacci ne and the

icommer ci al DTPw HBV/ Hnacang MRY1sagnes adm ni st ered
concomtantly. Indication/pdqpulations: 40 Primary
i muni zation of heal t hwipof@ispgAyhe first week of
life against diphtheria, tetaltus pertussis, hepatitis

B, polionyelitis and ﬂ@@g@g&g ditofguenzae type b
1di seases.  Study groups 45 QTPa- HB\MJPV(49% of

standard dose)/H b | BY- | PV(49% of
standard dose)/H b gﬂ%ﬂgaﬁg?@?g@%?;a{ HBV- | PV(26% of

standard dose)/Hi b BV-1 PV (26% of
standard dose)/Hi b %ﬁg&gg%%&ﬁggé%awHBv-l PV/ Hi b

p0vacci ne DTPw 5L, & {48 3%‘1 BFS0.3/21/b TN

obj ecti ves:
Stirring 60 min. up to 120 min. at room temperature

!
Adjust and check pH (6.5 +/—0.1)
y

25
Pw adsorbed 20 IOU
{
Stirring 15 min. up to 45 min. at room temperature
30

Example 6: Clinical evaluation of the investigational DTPa-HBV-IPV/Hib
vaccine with reduced Hib and IPV dosages

A Phase II, exploratory study is planned to assess the immunopenicity, reactogenicity
35 and safety of 4 different formulations of GSK Biologicals’ investigational DTPa-

HBV-IPV/Hib vaccine versus the commercial DTPa-HBV-IPV/ Hib vaccine and the

commercial DTPw-HBV/Hib and IPV vaccines administered concomitantly.

» Indication/populations:
40  Primary immunization of healthy infants in the first week of life against diphtheria,
tetatus, pertussis, hepatitis B, poliomyelitis and Haemophilus influenzae type b
diseases.

o Study groups:
45

DTPa-HBV-IPV(49% of standard dose)/Hib 5pg vaccine
DTPa-HBV-IPV(49% of standard dose)/Hib 2.5ug vaccine
DTPa-HBV-IPV(26% of standard dose)/Hib 5ug vaccine
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To assess the i mmunogenicity of the DIPa-HBV-I1PV/ H b
candi date vaccines in terns of the response to the PRP
anWQ zaes/239pee polio antigens (polio 1, 2 and FE/EP2007/059390
Secondary objectives: 10 Innnunogenicity To assess the

i nmﬁﬂfmiﬁ]\p@é‘%'o!f sttddflydove b B.gﬁg ifdcher ns of
respo ccine antigens. Reactogenicity

To asﬁigé-%@Pﬁéé@’tvaﬁm city and safety of the study
vacci DIpw-HBVHES #EPWiacsiats ci ted 15 synpt ons,
unsolicited synptons and seri ous adverse events.

Vacci nat,i.on scbheqm e Three-dose primary vaccination

schjfd'ul@%%‘F’%gaﬁér ks of .a Ak iects recejve a .

bl r OhaSéE eofmwgglé;%so lihe Pa- : E%ﬁ?%&n Yaccimes

Bl 438 [PRRgSe ea‘-ngﬁt? 5ep2ligZL A AARCEH- §30d ).

Vaccine _fornul atjons: The vaccine is constituted of
two phrfecondary obiectivesiart (DTPa- HB- | PV) and a freeze

10q ilmgnypgeeniqify b) . D, T, PT, FHA. PRN and HBsAg are .
pr diiasserdhs mppusiogradcty shel! sty vapcings dp ke of A7sRonse Brlfergecine
wi 2AUgR% different antigens. The mixture is stirred to
horegéanseniitgnd pH is adjusted. The final conposition

f .the DTPa-HB-| PV part of t ine i ted i
| nd Sy B8 e inanlSind oy ! B s B3 GG Sl
C oGO B g S0 e gvents

W

s Vaccination schedule
Three-dose primary vaccination schedule as of 6 weeks of age. All subjects receive a
birth dose of Hepatitis B.

20

e Country:
TBC

+ Blood sampling:
25  Pre-and post-vaccination 3

¢ Vaccine formulations:
The vaccine is constituted of two parts: a liquid part (DTPa-HB-IPV) and a freeze

dried part (Hib).
30

D, T, PT, FHA, PRN and HBsAg are preliminary pre-adsorbed. Water and NaCl are

blended with the different antigens. The mixture is stirred to homogenize and pH is

adjusted. The final composition of the DTPa-HB-IPV part of the vaccine is presented

in the table hereafter. '
35

Component Amount

D toxoid 25Lf

T toxoid 10Lf

PT 25ug

FHA 25ug

PRN Sug

HBsAg 10ug

IPV type 1 40 or 19.6 or 10.4 IU

TPV type 2 Bor39or2.11U

IPV type 3 320r15.70r 831U

Al From 700 to 790ug

Fable 17. Composition for one 0.5mL human dose of DTPa-HBV-IPV
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81-tg HBsAg 10pg I PV type 1 40 or 19.6 or 10.4 IU I PV
type 2 8 or 3.9 or 2.1 IUIPV type 3 32 or 15.7 or 8.3

| Uwiligdesbgesan 700 to 790ug Table 17. Conposi trcamebarnsezeo
one 0.5nL human dose of DTPa- HBV-1PV Hbis
pre-adsorbed. The Fib pre-adsorbed is m xed with

sucrose or |lactose prior to freeze drying. The H b

aml—ﬂms \Pé~!1d30113§d FhOHY pre. a@brbled S9HxREFNMEBE: ARSBsc prior to
Ay cﬁ‘fﬁl Tﬁ@ﬁtbeﬂﬁoum VLI'H bR 5fdr 8B} BioliRr A Yol ﬁl'imﬁrﬁum

Al ROk Qi1 BAHIRR 36 RSB0 pe WPaLBIPS, p&'ﬁullngﬁ/ddéélc cine
conprising: 5(a) dlph?%erla t oxol d; (b) tetanus

t oxoi d; (c) killed whol e-cel | Bor detel | a pertussi sd
or two or nore acellular pertussis conponents (Pa)
(e.g. pertussis toxoid (PT), filanentous

haemaggl utinin (FHA) and pertactin (PRN)), and; (d)
i nactivated poliovirus type 1 at a dose greater than
10 O-antigen units and | ess than 20 D-antigen units,
10 wherein the vaccine is substantially thionersal
free. 2. The vaccine of claim1, wherein the

i nactivated poliovirus type 1 is present at 2649%
30-45% 33-40% or 35-37%of a standard 40 0-antigen
unit dose. 15
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3. The vaccine of claim1 or 2, additionally
conprising inactivated poliovirus type 3 at a dose of
8-20 ID-antigen units, 9-19 0O-antigen units, 10-18
tiBmanti gen units, 11-17 O-antigen units, 12-16
O-antigen units, or 13-15 D-antigen units; for

1-n8t ‘Bhrescingeasipiiifg'or exactly 14 O-antigen units. 204.
The ine of claim11-3, additionally conprising
|nac\(?¥9ég1ﬁher@t°x°' iovirus type 2 at a dose of 2-4

0-an t(d) RAwWkRIEISBordBretia DoRssiAE GholdemeMd ac@ikilad pBfussls-cdmpokdite (FR) (Bg. pertussis
one @dxoid(BT)Hila@éntdubraekgpitibin gHi)and peseaindPRNY ed; t et anus

t oxol(dlinactiated Mldvtueuptwﬁb# gosecarsater 1R AGRenEgeh Hnitpand tegpdhgn 20 D-antigen units,
the twoor nore acel | ul ar % rtussns conmponents, the

i nYEFT VB PO PIPMIEFBE L, the i nacti vat ed

POk QY dcihd P cidiny P Ginefein tt@ﬁna(t.uha?ed bJ}éWJslg}f@{ a@;ﬁ'es@‘@l:t h@&é%fddﬁs'% YR80%, or 35-37%
3 bﬁasahﬁenbmughﬂh.md um ni um hydr oxi de or al um ni um
phosphate 250or a m xture of both 6. The vacci ne of

8| Abhqvpckindof claim) P12 adﬁ@hal"yw@erw%i‘aeqvmj pRieYHs tyre P &t aposs g 5128 Brantigen units,
an@{yeprises s {0 Ar b g O 6T CopiEFUi 7 7 195 rtaen s
ab SO PHREER TS KPthd*Rraieet Lhosphat e. 307. The vaccine of

¢l QHJ'@ocﬁLe & i 4ld 'aﬁdtt@l‘i}w chann%m&hééd PiodusGpB b bt83ds6 of@fs DRntigen units.
carrier protein and the capsul ar sacchari de of

bla @hmjpizint ofslaimn -4, weada@e brywes oBing difthib¥ria taagid, the fesehusyoxoid, the killed whole-cell

ab@erﬂwaoeam@thﬁwwmwlmnw s epmeongipts. feinasyaedpelevinsyipe). theinactivated

adjPefguysipe ? or thpjactiyated pqlioyisUsfype T agrorhgd oplo plumIvErPYiR §jejuinium phosphate

cofptT %" %he or nore of: 35(i) one or nore

6 O RhdlBRhES a1t 1-Dadifdnbily SnpRRin@li B kil AR cRinigaPSibdtAtally thiomersatfree, optionally

S 8.GBaEd ok alHinidn dacepiiael | UM sel ected from the group

Nei sseria nmeningitidis type A Neisseria nmeningitidis

Ty gbe \exinppiicigat-f. ad%ﬁ\'vn?v rrigingjagony f PRHISEPr\En 285 e Gappular saccharide of
Maﬁ@olf"ysdfﬂge"faﬁ B%e NHlb}( a!iéabf\%qe% ‘malni%moswaﬁteﬁr ia'lialgorbed onto adjuvant.

or LOS or a

Sy B Ok B b T AR RN ® 011 h Vi

sac ¢ hpsld 6 rfofe0dtjufitds BiaBeder Botdingspdd ca@aarjsatcratide of ab@tedum selected from the group

car r i Nesseps @endgiticls e A( Nejsperia remnatifigfens G Nﬁf?ﬁfH@ryai{'SiﬂfﬁfF ypeAY and Neisseria

wher eParingddseecGnponent i s opti onal | adsor% nt o

Al e RGP GR 8 1 ® WU PAT TG SHAL Car A 1std Hard caper

m xt U([)ea 3ac£&h&rom%lmm€a $i Gonfadd R BHier br))tem 'rml ), or iii)

IS ophj ABAbdnYoiAGE®OA bed ont 0" adj uvant . . The use

of the vaccine of clains 1-8 in the rranufacture of a

e dhihgreimearit cofnent ihaptiqnalip gdserbed omo amingindieszpxide ot 2lupgril pgpphate or a mixture of

polbPBer whargin camppengit il P’LJWP tmna'munadww@em%r i um

gl pljﬂg I.I;]sg Ef th% vacg nedof alrnsdlest nlne%i‘ n‘;legt “for ;EQ Sre ﬁj‘gn oq Elsease caused by

th ol}é%g § d% 1 nab&%e ct urh le ffa JEHBH' é?é“{ Hzﬁf%sr@
medi canent for the prevention of disease caused by SO

Pl Thews biltre vactheas didirmsOiilimthd retnaiitiure oGohagio@imaitdr @ prengmtion of disease caused by
di [rhlicties. Castaiva dBoi Gerelabtetivp émhf@sasqnéB%&”éms{’qsmﬂ ppljongjiy) pne or more of
or ‘iepativs bofiaepq@(fggis |m(h|re§zabb Nejszert ’npl{jig pﬁ J fgéeerﬂrgt idis type C, Neisseria
Nei "8R8 YRR VTP S RS ¥l 1987 REBF 1 YR TG T T e Hepatiie .
t1yp!¢|e \rom@@# u§¢§c§?£léuﬁs 1'%%5}% IPU@be?ﬂ E)ﬁp@thy}ﬁah&l@y%@“ a

meningitidis type Y, Neisseria neningitidis type B,

Sal mevedine & e/ Bldimsaird, wHeBIaPY tybes2, ifpresirl. is fbingne MEE-disteln. Or

use of clainms 1-10, wherein I[PV type 1, is fromthe

N HPIePgeing trieliipd pr uss g oipigs 1-1% whegeldi2y trf’é 3 fipreprats f5gm g Spkg stain.

1-11, wherein IPV type 2, if present, is fromthe MEF-

1 strain. 13. The vacci ne, nethod or use of clains

1-12, wherein IPV type 3, ifgpresent, is fromthe

Saukett strain.



