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cited herein are incorporated by reference in their entirety.
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The saccharide will typically be activated or functionalised prior to
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The PO4/ A13+ nolar ratio of the alum nium phosphate will generally be
between 0.3 and 1.2, preferably between 0.8 and 1.2, and nore
preferably 0.95+0.1. A typical adjuvant is anorphous al um nium

hydr oxyphosphate with PO4/ Al nolar ratio between 0.84 and 0.92,
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salts. The invention includes mneral salts such as hydroxides (e.g
oxyhydr oxi Genygatepits p esthegdefrotgjo rdtip dwim) phbasghdtse@e. eaveshppbiosplictie@y.,
sul phat es, exgiss sacdhridd) mBPAR vRAGRARL: &rb\s.mgengl A ratno@%t e%rl'lni'S)éﬁcW'f§

of d|fferent m neral " conpounds, wth the conpounds

sui tabl e f QOfrijlghtes HaydR |used(?r[ ﬁétibh Qfth fmlw&an [@} (Wl'l-n a 21091 c‘ﬁhﬂ:thprotem is

adsor on be| n r ef er m neral cantaj ni.n ositions ma
pt}k presént iwbdi fFee and coruugatede form macomposxtlono the in ntlon the uneonjugated fom¥ is

e



usi ng these techni ques have been identified, including Q7, Q17, .
@18, 21, HA B and Q4 C. Preferably, the saponinis @21. A
nmet hod of production of Q521 is disclosed in ref. 68. 25Saponin
formul ations may al so conprise a sterol, such as chol esterol [69].
Conbi nati ons of saponins and chol esterols can be used to form uni que

e 1 g i g avac) Sk e
phosphatl W?@PW&FF%%@’ Ree Ftal g@’bﬂ’?hﬁ?? fhol i ne. Any known saponi n
can be used in Pr ef erabl t he. S _one or nor e of
Qi A "zﬁwfakﬁ&mﬂf%vs“ % erdtwéhraﬂ:a":s"%*“ R e ehgo- 75

Opti onal | onal det ar A

ﬁsac han?cxgi\{pngrﬁn;%}ilg ] acte va?ed or nctlo lse rIoF t gone:u&ﬁ 'e}“ft%ff

revi ew of qeve saponi n base van
refs. 73 &nvplye, @CXWPIQ)SMEIS“’EM@BW&SQ@WF ClaéP;ﬁ@s tl tegdne4-dimethilamimqryddiniam d

Vi rus- | | KeRRiddublB sl M dis). IR sitBIP ehRictt AboaihAMRdd b8 coters

i nvention. These 35structures genera tain_one_or nore protelns
froma vi r’l‘}gm’ﬁb‘%l BW&PIP“?Z%%‘% Yd'f‘”‘lfsﬁ‘icfﬁﬁ"g‘f’ etrNRiSy FERE: pFShntse i o the
They are dJmraudibh i refeenggar)nogeni ¢, non-replicating and generally do
not contain any of the native vi raI genone. The viral proteins may
be reconbilbikages yiaprnergaoip @ty ibs mhdd \8itkg haiyOimowi ploeedure ) fuSéxampld, igSRocedukad |

prot ei I i 0 avi

e vl SR AR B OGS b L A A o o
(such as doPecdprideaspuplingthegequting pmingigroup vith %"EEnfi/?fraugdlmﬁéa%ln&gr Ei?‘ﬁ’u‘g‘d
Si ndbi s vithenssougRag a\prdicis to the otheradnd -olVihe tallipiol asié diker \erdupl $20,424BY. Qutier Litkers S

Norwal K Vi s, %?JE%%E’SEQ[:; ﬁ?@ nehyi! gﬁ.yla né/goﬁﬁ@&agg%&ﬁﬁs [g@léﬁ@%@ﬁ?ka es

(such as coat proteln
as ret r ot rissheaineranryic aeid {331, §s541, ‘@I*.F’sclaﬁ’é‘e@ﬁsiﬁ]%eﬂs ‘f’\ﬁr“f"ﬁ%&*’e forpsing a
refs. 7H- SlkerMiifeotSlinkes @n @e dsﬁcn&a;ednliaga*stthafe prétein fngaly cemmloeudatroefof thd1l
E. Bacterig C tives. -Adj U Qr_.us
T the 1 nveibohalle-fold! BRI, tnffifion willhe MBRY o eldiEl b i T8
10non- t oxiTefeguses 08 98s of enterobactcrial |ipopol ysaccharide (LPS),
Lipid A derivatives, imunostinulatory oli (%onucl eot i des and
ADP-r i bosyt Bpsesynyobing e '&H?P“&‘é’f‘&ﬁi"?‘f“éﬁf"‘t‘j’ér’ﬂ e ageheride g e dyreplacisp teraing! ¢
derivati ve® gfoupsPwith NdIHI ollowed bl 0fepitubikayibn Iwithi sh Adlf)‘NFR@sleal’(dg adlpzc acid
3-0-clgp
mnophosp%ﬁo%iﬁoq?(%%&ﬁg MDJ'S%:I‘) 43%9 ?I(mdn with E%rg(cg‘gr dpq ﬁ ﬁrctg b'\?iét}(er pre ta'red
"smal | parrsqc%qnersesmﬁﬂaemasowﬂ@m@gm HtC@'ﬂernDnophosphoryl lipid Ais-
disclosed in 15 ref. 82. Such "small particles" of 3dMPL are snall
enough t o Afier serdisption, fies prd eanjugpied srgpharidey cam @mswwsﬂaﬁl@rﬂ[ go|manpystitaple

non-toxic rﬁeﬁﬁdm&rl wat seyaa.ohnmcmdia rﬂgmemaas PddEImdloghapty, Qanbentihl MhiGSiltrabib; N

I t
Pl 1o HEIRY uP B Y RSP P VERss eflprerhaticp jnfh e
Escherixh |aad mjugatsifohnsa&e OModjghted Givin 15 prefesblg es mpichiad 20%1by @xightplf dhe itatal
refs. 85 &3 ol 1]93?%39&4 ih PRl Sty it }"orPJs a ALY gej g[e Q%\J%’ &909%8 Wsd 20k <[y, uSe

as adj uvants 1n the 1 nvention 1 nclude nucl sequences cont ai ni ng
a CpG not if pkefrdli &Hﬁ‘abﬁ@&dnﬂﬁsé%%%ﬁ sdcHatiad &wgn@runkem@thww%sqn adipic

cytosine I hat uanosi ne) . Doubl e- stranded

RNAs and 3F95@ﬁﬁ%¥£1 qha‘é'gpé"&ﬂ éﬁ‘%f’ﬁ@ B’HF‘f ‘%Eﬂ‘bm c or pol y(dQ

sequences . ve a nost i mul

el ude: miTB AR ofo i S AR, SR R0 RS 12 i 00 ERE aibafh Epein <"

modi f i ¥at |-8d§lgém'dafﬂfmoceamefﬁeblubmr@ B@Mﬁd@@t&nﬂm@#on@raélmspwwwolds

Ref erences 87, 88 and 89 discl ose possi bl e anal og substitutions e.qg.

r epl acenerite aFncgwams'stnE'bvﬁomsaze Inguasslyes of dhsainggptio s TR/ mitres df Hl&"@ht
e sequ t suc r

TTCGTT [9 ﬁﬁlﬁﬁ"% Q%°pb§1’@§ ‘E‘%/ﬂg "°55Fi'§%f°f 18 S%‘%‘?V nq)%"é e #ﬁGT gl

<19 pg/ml, < pg/ml, <17 ug/ml, <16 pg/ml, elc The concentration of Hib conjugate in vaccines of
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5 LT nmutant such as LT-K63, LT-R72, and LT-Gl192. The use of

ADP-ri bosyl ating toxins and detoxified derivaties thereof,
particularly LT-K63 and LT-R72, as adjuvants can be found in refs.
105-112. Nunerical reference for amno acid substitutions is
preferably based on the alignnents of the A and B subunits of

ADP- 1 i bosyfhainldhdod Wil g@ﬁera?l?thofv@f& Be htealicf]- gzn;h%,g SRELdh, SO3 Lg/mu >0.4 pg/ml,

ted h t t ﬁ% £,
| munonodutal BPEL F b e B CHE L E L peP aL2b belmhal Syt
in the invail igml, A& ngtel, ey tThki prefstredsiandes &x therroasehtediii oSHip @ogjugatelin the
1L-2, I L- 4vacdikes are ok to dlpp/i, w’lﬂerelff) ch%‘k]l) d,84 ﬁle}teci fhohwd. 1, d. f‘b@ré@hgn@i

(e.q. te 0 D. ting

(oeOos) 8ty B, g LRGS0, B4 BBl A% 35000 gl
nucoadhesi {i8g: weejectsH fomiel, skl tad 8l AALSI3i H andhES.i nvent i on.

Sui t abl e bi oadhesi ves include esterified hyaluronic acid m crospheres
[116] or nenecntiptions ofddib seniygatgsare defined injthekdestrigiéani apdthe wlaisnsgf terms of mass of

pol y(acr yl dagchafe e thaqbs)é\brﬂulco g@l@ f(ksahmr P HcYRatiny s PWhER IsintbO Iman the stated
pol ysaccha(goSe ose. Chitosan and derivatives

t her eof may I"%%‘%Bg’a"%' Hanﬁﬁ aéﬁ %\fﬁ?ﬁe#“ﬁ"? e invention [117]. 20 H
M t

: n\sgﬁfﬁgnl ﬁ*bﬂ%ﬂ% % stlﬁ & §51tmyofgﬂaﬁﬁﬁe§ﬁe ?ngt E.E%Ba%ghe;:‘\jl %”Tébogﬂmseﬂe
di anet er, ﬂﬁr ef er abI y 200nm to -30amin dianeter, and nost
preferabl mto -10urn in dianeter) fornmed from materi al s that

ar e bi odegaramhiehydrslide belied & l{e&m@lvecampﬁéﬁt{aﬂom{:@Ka)tclﬁﬁcied)mju@tes (62],

pol yhydr oxybut yr, h&dé{ilﬁht?he vawﬂﬁ'p ? ﬁ{d&;% aﬁm&g .s/@@gpags @ﬁam?ﬂs&‘a

pol ycapr ol act one co-

preferred, want spa%lm mﬁ,eghgfda ﬁvJﬂ %:.rege,@ﬁg tﬂrc\.‘fﬁ’l'e\i tﬁawe%ﬁ c&HJg];t@qgnot

(e.q. V\%th SDS), of posi t ? 5 sur.tace i a“cationic
det er gént adé‘lﬁ'&"ﬂ R-1:8 'ET’SG(BW “P re q_?"ﬁ‘b% LaqspIRLion: R §° i"é‘%“l"ﬂnﬂﬁ manyfactgus)by
Ex arrpl es osfelebtlop oftbarerieamixihgdria iy sdentivgdl apprbpiatelpslaiucise antigen/udjmiast meikieg,
described ju@/of fcﬁoos:llg‘gn a;'dmant aﬂh arﬂapE:%brYa%ﬁntt bekS Rfar t(i;ﬁ’f) (64 gee below).

pol voxyet hyl ene ester fofnulations” Adjuvants suitabl'e for use in’the
l[ Tﬁ]ﬂt i on Wh&GE MERInRe phespYad iaxs}eeeae d$ﬁth§rasoxamdv.p%wamemwb%t&f&nﬁﬁ.ﬁm
i.ncl ude or bi
boter sur (HGWHTt i PEDAR] it PPN 1 B eieo th 51 ok TGS i e
pol yox @t hapnpesition| dbpit ¥t8084 by wriglgs edsorbert (emztahtmt 40%-40%.orboutrilba-@Pe wi). h
?E 2I3]eastp 01]?(!%0 B WenpmwQiaescovwlﬁ@%ﬁr&orwmbaﬁtwg ?&E%Ymﬂ@id will
referte X e e ro

ol 1 omi g SRS P S5 BSLR shatn SBsheis et i Eforgton el 28 of e
pol yoxyet higlakiptenus toxpid dir thi cqmmshon pongre shan HEY by weigl issidedtreg Ke. 2 nthmpre than

po: yoxyet ok A mére tl%aﬁ@ﬂ%' noem@{han el MQY zaknxek @ﬁﬁus?c&oldaauioyﬂuu%ksese abaiild
(0] OX -L.aur

POl O M i s S o E yinto BE 3 8Pt o more B
Mur anvi pekﬁf'ﬁr bleweight a)frtﬂﬂe@nmgatmrtmmmppaqmm siewd bajadserbddgo fatyminiisre phwsphate
adj uvant's (g & f6st 1 %%,20khb@ 5% AGbHAR, NuRGBYY htmost2%, or at most 1%).

mur anyl - L-t hr eonyl - D- i sogl ut am ne (thr-I\/DP),

N-acetyl - rfﬁ'remdﬁtat'fylamiﬁiuaﬂ]éhosﬁhateSC@| Uit mEsR heladeMADminid@n Cphosphate, aluminium

N— tyl l.m t
2CeLY | e AR b RACMIALRIG wle PO SRl b O Rk ©
kn| dazgo O quR ﬁ%ﬁ’h%ﬁ@"é&ﬁ‘ﬁbﬂﬁﬂ@se“‘ 'B@&%I'WYSPXYWSGMU nol one corrpounds
table f { th t | ude, 101y d a
ts: honol oot gholr s e Pr ol PRospisE el epeoyin fe 6. s
and 127. Tieferably bsttveearD.frand B, 20d cormréfarably 09Bi0atAl gpisal afjuaspi aimerpbdus

one Or . MO fhuihiudh e yn% Y@k iflePOYAI ﬁ.dra.abag*sebet@gﬁ I .90, MBuded at
fol | owi ng g;i vgr Ifrons nma in the I'nventi on; ?S
saponin a ‘%{1“ 'P'é!““’é‘m.ﬁhgﬁp%ar‘f" [WiJgpenerlly be ampmbgun 4’@'“@’ a’@s@l)



an outer-nmenbrane vesicle (OW) or bleb preparation from

Nmeni ngitidis serogroup B, such as those disclosed in refs. 140, 141,
142, 143, etc. 35- a protein antigen from N neningitidis serogroup B,
such as those in refs. 144 to 150, with protein '287" (see bel ow) and
derivatives (e.g. '"A&87') being particularly preferred. polio

ant i gen( s)yyliGx ho;%l?gemsalis?’?ﬂe afbtElurR Pholifate vl generdily e PRARR, ﬁ‘}vﬁﬁl ABeters of

conprise one O

I e of th further antigens.” Antigen ,
typical l'y thfepaﬁw\gwﬁwt%&fﬁ%ﬁ@%%@@ﬁﬂ%ﬁ'r’aﬁé- %iféﬂr@agfﬂa%g i%ach. In

eneral , the ncentration of an i.ve ntigen wl.l .b fficient to
ool b un T AR BT Pt Bl Punhiy Ratveon fludt bl BFerstor i of prtphots i
t he prot edviroxyl.efifdi thisc degrfe ioh gibstititinal cavavarh adepandingani gpagtion | eonditigns and
renmoved byeof@milio BOrehdifid used FIOMGRARCHY A1t By PRVIPRGIEN AT ¥ AL- fhered b

ELISA titr . be reduced. efe a saccharijde antigen e %'
5 oret o SET R BTN ke RGPS BUALDR (T P F BOBAHAR £2C) o
i mmunogenibyietdding ssuffansugh #ser igiding buffeo (mekesREComart basiv). dviumigiem phosphates esed
conposi ti QRconfingt 38hd MVETRLA qm%ﬁ,uﬁigfh&e oAt 6NGRANRS.of @Hw&emmy

be used [e.g. refs. 153 to ot ei n conponents of the
conposi ti g)ﬁg"eﬁ’f '{‘Wgéﬁ'gi ?R??é‘#t ron may thus be replaced by nucleic acid

(pref erabl e. 0. in the formof, . a asnid) that cades. t he
P o en 19 e sbinfipbnetohae 8preraibl 3t i B KRR T aonid S s aR SR aiens ae
prot ei ns vedded{NR wiiscstagdard krarefeti &0 aqngohgyevminigmephosphate a0pEsslufiond 2lthoygh, on a

anti - i di oty¢Reptgftdciafidalfiew, RAGRIsFRYIUBICMNIFSG s b AEpeAkith At is pREreDRIHIES the
conpone nts X

ar. uppl ement. t hem an a e, the vacei.ne

conpr 1 s g AtessiiRrte B Fespied Pihersnorcepy B & st R4 ST olfR
pol ysacchadditkn of the patigenic esmppiests.1 5sacchari de itsel f. Were a vaccine
of the invention includes a hepatitis B surface antigen é\ HBsAg' ),
this ahti gdn censentugionnefchd” | paior tRordditigns of apkigens isr geperpilyt isveen Rged Veme/ml. A
Euri fyi ng prdkered Béncg@axidnMs RMdeh ¢ Whad ﬁgzﬁpwm&]g %hiecméea@mn R fbetG/BdnONing

epatitis arrie ar tities o are synt hesi in
the 1iver S ;ﬁ:e; -%‘% (A é{:g@?ﬁ?edﬂ%ﬁgg'_méfg%g?ﬁsgra@ggﬁmg%ef ﬁ@)ﬁ%&?&g.
The secondowa}apep Progt dp Fed Versdes | LYNSBIIOP (S ESRETP WEgn vh @+ - Dy
reconbi narrefdahid\caesnhith is Betweks0. Dl 16 nig@dl. Whdre fréverrddR6migntiation s BB 013
oy bet nanf Lol ot RERAR, MRS ERRRR LA ABRE' . O 1" et
may be co . C t he.. .GARDH! .
the ol yceraf{ @%“E@ﬂ%%E%%%@i%%ﬁﬁ%%gnﬁ§°é“°§§é§¥::°%°§rﬁg%%%g%%“@&é
cul tured i‘h&& PSSR B QISP DT 'S BAACPLHEN: Ve YW UM RBGSPRdc glution is
process i nyveirabiyngerilé epspysigefifress The Ecmiiumaghioghate s@iitiod ey divtude dree aqueous
chr omat ogr, I | Wele i ol ] Bs.Ad e
subj ect ed p? g;gp{lt ealﬁlg}%ééj L‘%%?‘g%%'ﬁi‘gg@%%ﬁ%ﬁf@ﬂ@ %gﬁg}e%&?l@e use%%?ﬂ?a
parti ctf ateMs ¥ fory\psfegably abgetclioaMofThe Humipperhosrbiie sejution dusy also semprise
anti gen, isbdiirs chidsriib.ehe eshcérratithef fodiugehpide iOptefetably dithd @RI sT 0.1 to 100 mg/ml

polioviru s ' s L ) 1OV sresen
VEF- 1 str 3, F%&‘?-Pﬁ?eﬁ?y%‘%*@tg%% B R Boul ¥l hrecence
Pol i ovir u§é§'3¢}é‘§}°‘lﬁé‘35§fc§\ﬁﬁecf ReagwbpentRfiptlprier to adsprpdmedl prdigenéyl ture 30
uses a VE cell line, which is a contjnuous cell line derived from
nmonkey Ki ?ﬁ@\}".g W&EP\“&““&%“@‘B%&% VRRSS 5eropealtQften adivenr 3iaish mag be
Cul t ur#® ofindhkied ivkEREInesalf e inverdtion acladedbwlare nstdimited @l | nf ecti on may

i nvol ve the use of bovine-derived material, such as calf serum and
this mat erd-afierabenipinag ompositiossy from sources which are free from
bovi ne spddigerilesmising eptpasitidnk suittBISEHY use Ghiddjuvitts inale ileRiioniinekde wéheral salts,
mater! als SAGH aRRinBELRl AT BGOSRk Rion Mddhs AW dhes bl ds BoiERY
be purified using 3btechni ques such as u rafi tration,

di afi | t r atlf-&Rxyhydrexidass shasehatss bsniydropynbesphates. erthapherpbetesitsloptes.erc. [e.g. sce
pati erdss, chdpersvd & 9SE Sef NG5 tor BExtirésa itk@hieginera REmpdihds, @i hD CondfoiMde MRy
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Conpositions of the invention are in aqueous formi.e. solutions or
suspensions. Liquid formulation 25 of this type allows the
conpositions to be adm nistered direct fromtheir packaged form

wi t hout the need for reconstitution in an aqueous nedium and are
thus ideal for injection. Conpositions may be presented in vials, or

they may bg? g,;igﬁlg %rﬁ.cte'gnger %g@txn;}f.é LJnErgho%a’ rebcrj%ﬁ wnmﬁsoﬁ%ﬁ 9&& Spr&a?[edb'?hc

supplied w

dose of tHE‘“E’B‘r?ﬁ'&@P‘WWWWPé‘F E‘é’éal%i’ bﬁf%?’“l?fﬁﬂﬁs?ﬁ?ﬁ‘ﬂﬁ%fr%t’t%ﬁﬁl\‘df@ dose or

Tor 1 BconsTRels poolifi 4r YR SRIAGR o et DSAN.AD 581 Br AlBRyRlhbRus
or I‘ECOI’I er vaccCl nes orm

vacci ne i s(ewlmmaty@wwéwm@qabEheeqquwﬁa?'aqf@ a@l%b:@mdimt lmthe@ﬁnposnn@ will

i nvent i N Ry ibelRss tﬁanhﬂﬂug/m\lt'lprefat‘aﬂ?}ésﬁﬁd’ﬁmﬂd i1R1, moe: pféfaJatay leﬁrthaﬁaapg/ml and
conprise one, I e syr.inge..an c
the syringé’ b%m@mylﬂicéﬁ % lngn ac]?‘% Gt eg% 85?\'@"&%“‘“&? " ’[slﬁ’éefc\ﬁ%g'lmg?ds%%d
to inj ectlwwanwwim@dwd@he |nvent| on may be packaged in unit dose
formor in multiple dose form For nultiple 35dose forns, vials are
pref err ed 4 eplgraphosaheie adivsppt mryde usettr f ect i ve dosage vol umes can be
routinely establ i ?hed but a typical human dose of the conposition
for inject olunme of 0.5nml. -13- Vaccines of the invention
generalldy (havmulaorpbbnqiosntmrs wei@hle GorOuse sl aduv@nts lirothe imﬂfoe rimibldy sipekenveedter
6.3 and 6. GAr foTolo] e I 0 '
e?nu?smq& suﬁh 5 §9 al nel@@ﬁ‘ fai's 5695@3(1@ @Q (%%??U alefid, Q?Aaftwcérmosand

pH. Stable & use o

conposi ti ém?% thteauwwmmﬁpwm%% @sﬁwtcfoﬂptd-zr% Emetets Fretrdiso
use a hi stadjhivane(Ira) herindothpBie Frelids aipuvpodFA) raay alva e ived.st eri | e and/ or
pyrogen-free. Al um n| um phosphat e 5 and whol e cell pertussis

anti gens dee SEReBEEE Rax eebilsterilisation and so, when a
conposig i CGapédin fohﬁ:ldtialdﬁ’ﬁiyl am Ueﬂ@ddthgedju\@ﬂe iofhe irR&fien. C«Sﬁﬁﬁﬂﬁl@@ﬂata%tcfotogblﬁ

preferred f r%&g olf ﬁ&bﬂ %l?cgm]ies gnzft(r)l %)r%gm es thtarI are foﬂxy t[he%aréu vesostems roots

aut ocl avi use

Conposi t i 4 esp flowers pha wide ragee ?F@iantﬁeecieé cﬁamrrbfrqm thh b?rgsﬁ@e Quitigja prparania

\\/\/EC ci nes kqﬁoltnb @ed lRVERdeh amewd.bmﬁgujgehn&rrs;apmﬁn dih GEOR o@hmeﬁfgni dbeditled Frbiyt
en pac Qr | Cr opl

or cur . bagad: pof R, K98 Bpnipar Rl o B B O AR WA

pref er ﬁbl yfoalf@mem adiupant ﬁlrrpwetwowelvma iedyfaynuiptionss agh ap@§2l, as well as lipid

preser vat i fegnulation3] wtlessastOMN O8I ER adktted B BtimaweMs (e. g. 0. 01% by

vol une). Preservative may be added exogenously and/or nmay be a

conponent $ponitheontpasitiona heviecheers purkfied hsirgr BPLA sndRR- H%@r&wmﬂﬁepunfed fractions

(:I:_g\r;pOSI ti Qﬁmg Chetk t&hﬂﬁ%f[haﬁsbe@h i A& iﬁ@lhdl?‘(@QS'Jn QQW tQ$$§|C§B2?-"% QeQﬁ)B and
accl nes ntion na (0] S

(oo o b Qi PRk 6 Redfin TodsARK A of Brodielonan @y e lPeCl et
| ow | eRel sSaponin fomwlavg%maVab@i:qmsisec;lfstetdh@uqhnvémmlgnl [68y include sodi um

salts (e. odi,um chl ori de) ive tonigity. The_conposition ma
conpri se g@aﬁ’uﬁwm F“cﬂ%“‘“*rﬁ@’t ébfﬁfé&r?ﬂsr 5% 5f Brd 26 g UKy rRegistey r?z’{eﬂe

conposi t i ammiugostimnafteng abmplexs(ISCOMs)h hgpeer @8 oOrel 45D 19CTMargpivkily(adso gocluble 50
ng/m, 2- Qﬁoﬁg&lmdmugfn a%%ht% aﬂgﬁma}lol%% ér%)hsgaﬁa%dﬂ&%fn?e" ﬁp} ¥nown sapomn can be

10+2ng/ nmLNaC Vacci nes of venti o

general l'y 'ff ‘PE%@“&S %ﬁ"?elra@ y’tq;g %QTQM lyples 0B orHparg Pfg(?‘H'g‘ § ?'ng SCOMs
typi cabl \acfuitme desofibet imerefsnéfeiit Optionatiyths ISCOMEenéyr teale plidbeplditianali dotrgentn
sol ution (@y9. by the use of a phosphate buffer) in order to favour.
non- adsor ption of antigens. The concentration of free phosphate ions
in the compesiewiohthe ddvelbfne:ni sT\sgpotin bned sljugaimannbd fyurdddi weTs 740 and 10. 0
mV preferably between 1 and 5 nM 25 and nore preferably about 2.5
mM  Packagndfiresormg 'ﬂ-t‘wr* ppartities | nventi on Vaccines of the invention
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polysaccharides and carboxymethylcellulose. Chitosan and derivatives thereof may also be used as
adjuvants in the invention [117].

20 H __Microparticles
Microparticles may also be used as adjuvants in the invention. Microparticles (7.e. a particle of

~100nm to ~50pm in diameter, more preferably ~200nm to ~30pum in diameter, and most preferably
~500nm to ~10pm in diameter) formed from matetials that are biodegradable and non-toxic (e.g. a
poly(a-hydroxy acid), a polyhydroxybutyric acid, a polyorthcester, a polyanhydride, a

25  polycaprolactone, efc.), with poly(lactide-co-glycolide) are preferred, optionally treated to have a
negatively-charged surface (e.g. with SDS) or a positively-charged surface (e.g. with a cationic
detergent, such as CTAB).

L___Liposomes (Chapters 13 & [4 of ref. 65)
Examples of liposome formulations suitable for use as adjuvants are described in refs. 118-120.

30 J__Polvoxvethylene ether and polvoxyethylene ester formulations

Adjuvants suitable for use in the invention include polyoxyethylene ethers and polyoxyethylene

esters [121]. Such formulations further include polyoxyethylene sorbitan ester surfactants in
combination with an octoxynol [122] as well as polyoxyethylene alkyl ethers or ester surfactants in
combination with at least one additional non-ionic surfactant such as an octoxynol [123]. Preferred
35  polyoxyethylene ethers are selected from the following group: polyoxyethylene-9-lauryl ether
(laureth 9), polyoxyethylene-9-steoryl ether, polyoxytheylene-8-steoryl ether, polyoxyethylene-4-
lauryl ether, polyoxyethylene-35-lauryl ether, and polyoxyethylene-23-lauryl ether.
-10-
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K. Polyphosphazene (PCPP)

PCPP formulations are described, for example, in refs. 124 and 125,

L. Muramyl peptides

Examples of muramyl peptides suitable for use as adjuvants in the invention include N-acetyl-
muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-normuramyl-L-alanyl-D-isoglutamine (nor-
MDP), and N-acetylmuramyl-L-alanyl-p-isoglutaminyl-L-alanine-2-(1'-2"-dipalmitoyl-sn-glycero-3-
hydroxyphosphoryloxy)-ethylamine MTP-PE).

M, Imidazoguinolone Compounds.

Examples of imidazoquinolone compounds suitable for use adjuvants in the inveation include
Imiquamod and its homologues (e,g. “Resiquimod 3M™), described further in refs. 126 and 127.

The invention may also comprise combinations of aspects of one or more of the adjuvants identified
above. For example, the following adjuvant compositions may be used in the invention: (1) a saponin
and an oil-in-water emulsion [128]; (2) a saponin (e.g. QS21) + a non-toxic LPS derivative (e.g,
3dMPL) [129]; (3) a saponin {e.g. QS21) + a non-toxic LPS derivative (e.g. 3dMPL) + a cholesterol;
(4) a saponin (e.g. QS21) + 3dMPL + IL-12 (optionally + a sterol} [130]; (5) combinations of 3dMPL
with, for example, Q521 and/or oil-in-water emulsions [131]; (6) SAF, containing 10% squalane,
0.4% Tween 80™, 5% pluronic-block potymer L121, and thr-MDP, either microfluidized into a
submicron emulsion or vortexed to generate a larger particle size emulsion, (7) Ribi™ adjuvant
system (RAS), (Ribi Immunochem) containing 2% squalene, 0.2% Tween 80, and one or more
bacterial cell wall components from the group consisting of monophosphorylipid A (MPL), trehalose
dimycolate (TDM), and cell wall skeleton (CWS), preferably MPL + CWS (Detox™); and (8) one or
more mineral salts (such as an aluminum salt) + a non-toxic derivative of LPS (such as 3dMPL),

Other substances that act as immunostimulating agents are disclosed in chapter 7 of ref. 65.

Further antigens

Compositions of the invention contain D, T, P and Hib antigens. They may also include further

antigens, such as:

a saccharide antigen from N.umeningitidis serogroup A, C, W135 and/or Y, such as the

oligosaccharide disclosed in ref. 132 from serogroup C or the oligosaccharides of ref. 133.

The vaccine preferably contains conjugates from 2, 3 or 4 of serogroups A, C, W135and Y.

— a saccharide antigen from Streplococcus pneumoniae [e.g. refs. 134 to 136].

— an antigen from hepatitis A virus, such as inactivated virus [e.g. 137, 138}

— an antigen from hepatitis B virus, such as the surface and/or core antigens [e.g. 138, 139].

— an outer-membrane vesicle (OMV) or bleb preparation from N.meningitidis serogroup B,
such as those disclosed in refs. 140, 141, 142, 143, efc,

— a protein antigen from N.meningitidis serogroup B, such as those in refs. 144 to 150, with

protein ‘287’ (see below) and derivatives (e.g. ‘AG287") being particularly preferred.

— polio antigen(s) [e.g. 151, 152] such as IPV.
-11-
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6.7 Where a saccharide antigen is used, it is preferably conjugated to a carrier protein in order to enhance

immunogenicity.

As an alternative to using protein antigens in the composition of the invention, nucleic acid encoding
the antigen may be used [e.g. refs. 153 to 161]. Protein components of the compositions of the
10 invention may thus be replaced by nucleic acid (preferably DNA e.g. in the form of a plasmid) that
encodes the protein. Similarly, compositions of the invention may comprise proteins which mimic
saccharide antigens e.g. mimotopes [162] or anti-idiotype antibodies. These may replace individual
saccharide components, or may supplement them. As an example, the vaccine may comprise a
peptide mimic of the MenC [163] or the MenA [164] capsular polysaccharide in place of the

15  saccharide itself.

Where a vaccine of the invention includes a hepatitis B surface antigen (‘HBsAg’), this antigen can
be made in two ways. The first method involves purifying the antigen in particulate form from the
plasma of chronic hepatitis B carriers, as large quantities of HBsAg are synthesized in the liver and
released into the blood stream during an HBV infection. The second way is preferred and involves

20  expressing the protein by recombinant DNA methods. It is preferred that the HBsAg is prepared by
expression in the Saccharomyces cerevisiae yeast. The HBsAg gene may be inserted into a plasmid,
and its expression from the plasmid may be controlled by a promoter such as the ‘GAPDH’ promoter
(from the glyceraldehyde-3-phosphate dehydrogenase gene). The yeast may be cultured in a
synthetic medinm. HBsAg can then be purified by a process involving steps such as precipitation, ion

25  exchange chromatography, and ultrafiltration. After purification, HBsAg may be subjected to dialysis
(e.g. with cysteine), The HBsAg may be used in a particulate form.

Where a vaccine of the invention includes a polio antigen, it is preferred to use three poliovirus
antigens -~ poliovirus Type 1 (e.g. Mahoney strain), poliovirus Type 2 {e.g. MEF-} strain), and
poliovirus Type 3 (e.g. Saukett strain). Polioviruses may be grown in cell culture. A preferred culture
30  usesa VERO cell line, which is a continuous cell line derived from monkey kidney. VEROQ cells can
conveniently be cultured microcarriers. Culture of the VERO cells before and during viral infection
may involve the use of bovine-derived material, such as calf serum, and this material should be
obtained from sources which are free from bovine spongiform encephalitis (BSE). Cuiture may also
involve materials such as lactalbumin hydrolysate. After growth, virions may be purified using
35  techniques such as ultrafiltration, diafiltration, and chromatography. Prior to administration to
patients, the viruses must be inactivated, and this can be achieved by treatment with formaldehyde,

-12-
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RELATI VE

Viruses are preferably grown, purified and inactivated individually, and are then combined to give a
bulk mixture for addition to the adsorbed diphtheria and tetanus antigens.

Antigens in vaceines of the invention will be present in ‘immunoclogically effective amounts’ i.e. the
administration of that amount to an individual, either in a single dose or as part of a series, is
effective for treatment or prevention of disease. This amount varies depending upon the health and
physical condition of the individual to be treated, age, the taxonomic group of individual to be treated
(e.g. human, primate, efc.), the capacity of the individual's immune system to synthesise antibodies,
the degree of protection desired, the formulation of the vaccine, the treating doctor's assessment of
the medical situation, and other relevant factors. It is expected that the amount will fall in a relatively
broad range that can be determined through routine trials. Dosage treatment may be a single dose
schedule or a multiple dose schedule (e.g. including booster doses).

Non-immunological components of vaccines of the invention

Vaccines of the invention will typically, in addition to the antigenic and adjuvant components
mentioned above, comprise one or more ‘pharmaceutically acceptable carriers’, which include any
carrier that does not itself induce the production of antibodies harmful to the individual receiving the
composition. Suitable carriers are typically large, slowly metabolised macromolecules such as pro-
teins, polysaccharides, polylactic acids, polyglycolic acids, polymeric amino acids, amino acid
copolymers, sucrose [165], trehalose [166], 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, efc. 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 167.

Compositions of the invention are in aqueous form i.e. solutions or suspensions. Liquid formulation
of this type allows 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.

Liquid vaccines of the invention are also suitable for reconstituting other vaccines from a tyophilised
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 to reactivate the contents of the vial prior to injection.

Vaccines of the invention may be packaged in unit dose form or in multiple dose form. For multiple
dose forms, vials are preferred to pre-filled syringes. Effective dosage volumes can be routinely

established, but a typical human dose of the composition for injection has a volume of 0.5ml.
-13-
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Vaccines of the invention generally have a pH of between 6.0 and 8.0, more preferably between 6.3
and 6.9 e.g. 6.610.2. Vaccines are preferably buffered at this pH. Stable pH may be maintained by
the use of a buffer, If a composition comprises an aluminium hydroxide salt, it is preferred to use a
histidine buffer [168]. The composition may be sterile and/or pyrogen-free. Aluminium phosphate
and whole cell pertussis antigens are incompatible with filter sterilisation and so, when a composition
of the invention includes one of these components, it is preferred to sterilise the composition of the
invention by autoclaving and/or to use sterile components in its production.

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

Vaccines of the invention may include an antimicrobial, particularly when packaged in multiple dose
format. Many antimicrobials are mercury-based {e.g. thiomersal), although mercurial preservatives
are preferably avoided e.g. 2-phenoxyethanol may be used. Any preservative is preferably present at
low levels (e.g. 0.01% by volume). 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).

Vaccines of the invention may comprise detergent e.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. The concentration of sodium chloride in the
composition is preferably in the range of 0.1 to 100 mg/ml (e.g. 1-50 mg/ml, 2-20 mg/ml, 5-15
mg/ml) and is more preferably 10+2mg/ml NaCl e.g. about 9 mg/ml.

Vaccines of the invention will generally include a buffer. A phosphate or histidine buffer is typical,

Vaccines of the invention may include free phosphate ions in solution (e.g. by the use of a phosphate
buffer) in order to favour non-adsorption of antigens. The concentration of free phosphate ions in the
composition of the invention is generally between 0.1 and 10.0 mM, preferably between 1 and 5 mM,
and more preferably about 2,5 mM.

Packaging of vaccines of the invention

Vaccines of the invention can be packaged in various types of container e.g. in vials, in syringes, efc.

For prior art DTP-Hib vaccines that require reconstitution of a lyophilised Hib component, aqueous
DTP antigens are drawn from a first sealed vial into a syringe and are then introduced into a second
sealed vial that contains the lyophilised material. The reconstituted vaccine is then withdrawn into
the same syringe for administration to a patient. In contrast, Hib conjugates in vaccines of the
invention are stable in aqueous conditions and do not require lyophilisation. The invention is thus
able to provide a vial having a piercable seal and containing a DTP-Hib vaccine, wherein the
piercable seal has not been pierced. Similarly, the invention is able to provide a hermetically sealed

container containing a vaccine of the invention.
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aluminium adjuvant that may be present.

30 Vaccines of the invention are preferably prepared at between 15°C and 30°C (e.g. between 19°C and
27°C, or at 23+4°C).

Administration of vaccines of the invention

The invention provides a method for raising an antibody response in a mammal, comprising
administering a vaccine of the invention to the mammal. The vaccines can be administered

35  prophylactically (i.e. to prevent infection) or therapeutically (i.e. to treat disease after infection).
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The invention provides a method for raising an immune response in a mammal, comprising the step
of administering an effective amount of a vaccine of the invention. The immune response is
preferably protective and preferably involves antibodies. The method may raise a booster response.

The mammal is preferably a human. Where the vaccine is for prophylactic use, the human is
preferably a child (e.g. a toddler or infant) or a teenager; where the vaccine is for therapeutic use, the
human is preferably an adult. A vaccine intended for children may also be administered to adults e.g.

to assess safety, dosage, immunogenicity, efc.

The invention also provides compositions of the invention for use as a medicament. The medicament
is preferably able to raise an immune response in a mammal (f.e. if is an immunogenic composition)

and is more preferably a vaccine.

The invention also provides the use of at least diphtheria, tetanus, pertussis and H.influenzae type b
(*Hib’} antigens in the manufacture of a combined vaccine for the immunisation of a patient, wherein
(a) the antigen for protecting against Hib is a conjugate of a Hib capsular saccharide; (b) the
concentration of the Hib conjugate in the vaccine is <15 pg/ml; and (c) the manufacture does not
include lyophilisation of the Hib conjugate.

These uses and methods are preferably for the prevention and/or treatment of C.diphtheriae, C.tetani,
B.pertussis and H.influenzae infections and of disease caused by these infections e.g. the prevention
of diphtheria, of tetanus, of whooping cough, of bacterial meningitis, efc.

One way of checking efficacy of therapeutic treatment involves monitoring bacterial infection after
administeation of the composition of the invention. One way of checking efficacy of prophylactic
treatment involves monitoring immune responses 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 2-16 months age, or animal models [169}) 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 assess actual protective efficacy in patients, standard
animal and /n vitro models and correlates of protection for assessing the efficacy of Hib and DTP
vaccines are well known.

Compositions of the invention will generally be administered directly to a patient. Direct delivery
may be accomplished by parenteral injection (e.g. subcutaneously, intraperitoneally, intravenously,
intramusculatly, or to the interstitial space of a tissue), or by rectal, oral, vaginal, topical,
transdermal, intranasal, ocular, aural, pulmonary or other mucosal administration. Intramuscular
administration to the thigh or the upper arm is preferred. Injection may be via a needie (e.g a
hypodermic needle), but needle-free injection may alternatively be used. A typical intramuscular
dose is 0.5 ml.
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The invention may be used to elicit systemic and/or mucosal immunity.

Dosage treatment can be a single dose schedule or a multiple dose schedule. Multiple doses may be
used in a primary immunisation schedule and/or in a booster immunisation schedule, A primary dose
schedule may be followed by a booster dose schedule. Suitable timing between priming doses (e.g.
between 4-16 weeks), and between priming and boosting, can be routinely determined,

Bacterial infections affect various areas of the body and so the compositions of the invention may be
prepared in various forms. For example, the compositions may be prepared as injectables, either as
liquid solutions or suspensions. The composition may be prepared for pulmonary administration e.g.
as an inhaler, using a fine powder or a spray. The composition may be prepared as a suppository or
pessary. The composition may be prepared for nasal, aural or ocular administration e.g. as spray,
drops, gel or powder [e.g. refs 170 & 171]. Successful intranasal administration of Hib saccharides
[172] and DTP vaccines [173,174] has been reported.

General
The term “comprising” encompasses “including” as well as “consisting” e.g. a composition
“comprising” X may consist exclusively of X or may include something additional e.g. X + Y.

The term “about” in relation to a numerical value x means, for example, x+10%.

The word “substantially” does not exclude “completely” e.g. a composition which is “substantially
free” from Y may be completely free from Y. Where necessary, the word “substantially” may be

omitted from the definition of the invention.

BRIEF DESCRIPTION OF DRAWINGS
Figure | shows anti-PRP GMTs and 95% confidence intervals in the vaccine groups A, B, Cand D.

MODES FOR CARRYING OUT THE INVENTION

Four DTwP-Hib vaccine formulations were prepared, differing only in their dose of Hib-CRMg;
conjugate. Vaceines were prepared as 0.5ml doses with the following antigenic compositions:

A B C D 175
Hib-CRM197 conjugate (pg saccharide per dose} 1.25 2.5 5 H
Diphtheria toxoid (Lf per dose) 15
Tetanus toxoid (Lf per dose) 32
Inactivated B.pertussis organisms (OU per dose) 15
Aluminium phosphate adjuvant (mg AP per dose) 0.3
NaCl (mg per dose) 4.5
Merthiolate Trace
Hib fraction relative toref. 175 | % v | w1
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pg/ mL al. O gdméstnfH;Aand Sedid ghenliibatbnpadent. Contrary to the statement in reference 175, the Hib

component does not adsorb to the adjuvant.

5 Stability

Two stability studies were performed: one under normal storage conditions at 2-8°C for 2 years, and
another under accelerated conditions at 37°C for 14 days. Vaccines were tested after storage in an
upright or an inverted position. Stability was assessed by determining pH and free saccharide.

Results of the first study were as follows:

RELATIVE HIE DOSE
Months | Parameter 1 172 i/4 1/8
) pH 6.7 6.5 6.5 6.6
% free sacc 29 <3.6 <72 <14.4
¢ pH 6.8 6.7 6.7 6.7
% free sace 2.6 <3.6 <7.2 <14.5
2 pH 7.0 6.9 6.9 7.0
% free sacc 438 3 2.5 44
24 pH T.1 7.0 7.0 71
% free sace 6.1 5.8 5.6 5.0
10
Results of the accelerated stability study were as follows:
RELATIVE HIB DOSE
Time Parameter 1 172 1/4 1/8
) pH 6.7 6.5 5.5 6.6
% free sacc 2.2 <3.6 <72 <id.4
14 days [ pH — — — —
upright | ¢ free sace 4.2 5.1 <72 <14.5
Id4days | pH 638 6.7 6.7 6.8
inverted | o4 free sacc 5.0 5.6 <7.2 <i4.5

The vaccines are thus stable over extended periods. Adsorption was tested over the same timescale,
and the Hib conjugate remains unadsorbed during storage.

15  Clinical testing

A total of 26! infants were enrolied and randomised to receive one of the four vaccines in a double-
blind trial to evaluate safety and immunogenicity (¢f. the studies in references 6,8 and 9, which were
either partially blinded or open). Three month-old infants in good health, born at >37 weeks of
gestation with & minimum birth weight of 2500 g, and eligible for the [ocal EPI, were enrolled and
20 randomised in a 66:65:65:65 A:B:C:D ratio to receive three single intramuscular doses of one of the
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vaccine (OPV) in parallel at 2, 4 and 6.

Mean age at enrolment was 94 (range 69-108) days and no difference was observed among the four
vaccine groups in terms of sex, race, weight and height distribution. Patients were followed for
post-injection reactions and adverse events. months of age. A total of 260 subjects were included in
the safety analyses (65 for each of the four vaccine groups), and 251 in the immunogenicity analyses
(61 in group A, 64 each in groups B and C, and 62 in group D). Nine subjects did not complete the
study as their parents/legal guardians withdrew their consent before study completion (5 subjects in
group A, 1 subject in group B and 3 subjects in group D).

Blood samples were obtained at baseline and one month after the third dose. Anti-PRP,
anti-pertussis, anti-diphtheria and anti-tetanus antibodies were measured. IgG anti-PRP antibodies
were measured by a modified ELISA adapted from the FDA ELISA method [176]. IgG
anti-diphtheria toxin antibodies and 1gG anti-tetanus toxin antibody were quantified by ELISA.
Serological markers for B perfussis (anti-pertactin and anti-Agg2-3) were also measured by ELISA.

Safety and reactogenicity

Subjects were monitored by study staff for 30 minutes after each vaccine dose. Parents were asked to
record on a diary the daily rectal temperature and local and systemic reactions for seven days
following each injection. Additionally, study personnel actively contacted the parents/legal guardians
by telephone on the second and seventh day following each vaccination to obtain particulars of any
adverse events. Occurrence of adverse events, or serious adverse cvents and those necessitating
physician visit and/or any medication were critically examined and recorded throughout the study
duration. Subjects who received at least one vaccination were included in safety analyses.

Local and systemic reactions were mostly mild and transient. The most frequent were tendemess,
erythema and induration for local reactions, and irritability, sleepiness and unusual erying for

systemic reactions;

Ar125ug | Bi25pg | C:Spg D: 10 ug

Local

Tenderness — any 48 (74%) | 53 (82%) 52 (R0%) 49 (75%)

(Cried when injected limb was moved) 16 (25%6) | 19 (29%)} 16 (25%) 15 (23%)

Erythema — any 31(48%) | 29(a5%) | 37(57%) | 31 (48%)

{>50 mm) 6 (9%) 5 (8%) 7(11%) 4 (6%)

Induration - any 27(42%) | 21(32%) | 25(38%) | 24(37%)

(=50 mm) 3 (5%) 4 (6%) 6 (9%) 3¢5%%)
Systemic

Rash : 3(5%) 4 (6%) 3(5%) 3(5%)

Change in Eating Habils 0(31%) | 16(25%) | 26(40%) 27 (42%)

Sleepiness 41 (63%) | 49(75%) | 44(68%) | 39(60%)
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91% 95% 88% 94% % patients with 4-fold increase 80% 83% 78% 89%
Anti-pertactin GMI' (pg/ m) 19 21 24 20 Anti-Agg2-3
with 2-fold increase 81% 81% 83% 80% % patients with 4-fold increase
70% 80% 78% 71% Anti - Agg2-3 GMI (pg/ ml) 87 77 66 76

% patients

Unusual Crying 29(45%) | 23(35%) | 32{49%) | 29(45%)

Persistent Crying 10(15%) | 8(12%) 10(15%) | 7011%)

Irritability 47(72%) | S3(82%) | S0(77%) | 49(75%)

Vomiting 5(8%) 6 (9%) 9 (14%) 7(11%)

Diarrhoea 17 (26%) 24 (37%) 22 (34%) 18 (28%)
Other

Rectal Temperature

238.5°C - <40.5°C 14 (22%) 21 (32%) 10 (15%) 12 (18%)

> 40.5°C 00% _|0@%)  [0(0%) | 0(0%)

Use of analgesic/antipyretic medication 33(51%) | 43(66%) | 28(43%) 33(51%)

No significant differences were observed among the four vaccine groups, and al{ post-vaccination
reactions resolved without sequelae. There were no serious adverse events reported as related to

study vaccines.

S Immunogenicity

Anti-PRP seroconversion rates (% patients seroconverted) were as follows:

1.25pg 2.5 ng Spg 10 ug
Titre | 20.15 pg/ml | 21.0 pg/ml | 20,05 pg/ml | 200 pg/iml | 20.050g/ml | 210 puphnd [ 20.15 pg/m] | 216 pg/md
Pre 47% 12% 30% 6% 2% 6% 34% 4%
Post 98% 90% 97% 88% 98% 97% 100% 95%

Anti-pertussis seroconversion rates were assessed by looking at (&) increases of anti-pertactin and
anti-Agg2-3 responses, and (b) GMTs. Results (% patients) were as follows:

1.25 pg 2.5pg Spe 10 pg
Anti-pertactin
% patients with 2-fold increase 91% 95% 88% 94%
% patients with 4-fold increase 80% 83% 78% 8%%
Anti-pertactin GMT (ug/m1} 19 21 24 20
Anti-Agg2-3
%5 patients with 2-fold increase 81% 81% 83% 80%
% patients with 4-fold increase 70% 80% 78% 7%
Anti-Agg2-3 GMT (ug/ml) | 87 77 66 76
10
Anti-diphtheria and anti-tetanus GMTs were as follows:
125 pg 25pug Spg 10 pg
Anti-diphtheria GMT (pg/ml) 133 1.63 1.49 4.70
Anti-tetanus GMT (ug/ml) | 4.89 5.10 5.24 5.16

The proportion of subjects with anti-PRP titres >0.15ug/mL was thus similar in the four vaccine
groups, but the proportion of subjects with anti-PRP titres >1.0pg/mL was higher in groups C and D
15 (97% and 95% respectively) than in groups A and B (90% and 88% respectively). Anti-PRP GMTs
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and spfT
Further information can be found in reference 177.

It will be understood that the invention has been described by way of example only and modifications
may be made whilst remaining within the scope and spitrit of the invention.
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hydroxide adjuvant; and (f) the vaccine does not contain an aluminium potassium sulphate adjuvant.

4. A process for preparing a liquid combination vaccine comprising antigens for protecting a subject against at least
diphtheria, tetanus, pertussis and H.influenzae type b (Hib’), wherein: (a) the antigen for protecting against Hib is
a conjugate of a Hib capsular saccharide; (b) the concentration of Hib conjugate in the vaccine is <15 pg/ml; (c) the
vaccine includes an aluminium phosphate adjuvant; {d) no more than 15% by weight of the Hib conjugate in the
vaceine is adsorbed to aluminium phosphate; (&) the vaccine does not contain an aluminium hydroxide adjuvant;
and {f) the vaccine does not contain an alumintum potassium sulphate adjuvant, characterised in that the process
does not include one or both of the following steps: (a) a step of lyophilisation of the Hib conjugate antigen; (b) a
step of packaging the diphtheria, tetanus and pertussis antigens in admixed form separately from the Hib conjugate
antigen.

8. A process for inserting a liquid combination vaceine into a contalner, wherein: (a) the vaceine comprises antigens
for protecting a subject against at least diphtheria, tetanus, pertussis and H.influenzae type b ('Hib"); (b) the antigen
for protecting against Hib is a conjugate of a Hib capsular saccharide; (¢) the concentration of the Hib conjugate in
the vaccine is <15 pg/ml; {d) the vaceine includes an aluminium phesphate adjuvant; (e) no more than 15% by
weight of the Hib conjugate in the vaccine is adsorbed to aluminium phosphate; (f) the vaccine does not contain an
aluminium hydroxide adjuvant; and (g) the vaccine does not contain an aluminium potassium sulphate adjuvant.

6. A process for attaching a label to a container, wherein: {a) the container contains a liquid combination vaccine that
comprises antigens for protecting a subject against at least diphthetia, tetanus, pertussis and H.influenzae type b
('Hib%; (b) the antigen for protecting against Hib is a conjugate of a Hib capsular saccharide; (c) the concentration
of the Hib conjugate in the vaccine is <15 pg/ml; {d) the vaccine includes an aluminium phosphate adjuvant; (e) no
more than 15% by weight of the Hib conjugate In the vaceine Is adsorbed to aluminium phosphate; (f) the vaccine
does notcontain an aluminiurn hydroxide adjuvant; {g) the vaccine does not contain an aluminium potassium sulphate
adjuvant; and (h) the process comprises a step of attaching a label to a container.

7. A process for inserting a liquid combination vaccine into a container and then extracting the vaccine from the
container, wherein: (a) the vaccine comprises antigens for protecting a subject against at least diphtheria, tetanus,
pertussis and H.influenzae type b ('Hib'}; {b) the antigen for protecting against Hib is a conjugate of a Hib capsular
saccharide; (c) the concentration of the Hib conjugate in the vaccine is <15 pg/ml; (d) the vaccine includes an
aluminium phosphate adjuvant; {e) no more than 15% by weight of the Hib conjugate In the vaccine is adsorbed to
aluminium phosphate; (f) the vaccine does not contain an aluminium hydroxide adjuvant; and (g) the vaccine does
not contain an aluminium potassium sulphate adjuvant,

8. The vaccine, vial, container or process of any preceding claim, wherein at most 5% of the Hib conjugate in the
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CLAIMS 1. A liquid conbination vaccine conprising antigens for
protecting a subject against at |east diphtheria (D), tetanus (T),
pertussis ('P ) and Haenophilus influenzae type b ("Rib"), wherein:
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and Hi nfl u@nf@@acplw@l Bon(ainﬂprtproyess aj\kTe pregeding c@@)whprhlethaqqqu%tehpsﬁgqcchande protein ratio
protecting a@"éﬁ)ﬁfﬁ“ﬁ‘bsf"“ﬁé COI’]] ugate of a Ri b capsul ar saccharl de;
j(lb)g/ ?T_E]_e CO{],C r;,tvgcg'me \9&9 cc(J)n alnerOJ prﬁess:;f%n ;Jr %% ﬁaur{}I wheref'_ln adm mst{a{lon ofdhe vaccm?resultsdr}an
no nore than 15%by welg ht of ot b conjugate in the vaccine is
adsor bed tm. a{ewnmlouﬁhpb]@&ﬁ&mateapmn(e.&)oxwheutmamug&ﬁma%asomatontwm{ira.mtahoa;mate.
al um ni um hydr oxi de adjuvant; and (f) the vacci ne does not contain an
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H influenzae type b ('"Rib'), wherein: (a) the antigen for protecting
against Rib is a conjugate of a Ri b capsul ar saccharide; (h) the
concentration of Rib conjugate in the vaccine is <15 jig/nl; (c) the
vacci ne includes an al um ni um phosphate adjuvant; (d) no nore than
15% by weight of the Rib conjugate in the vaccine is adsorbed to

al um ni um phosphate; (e) the vacci ne does not contain an al um nium
hydr oxi de adjuvant; and (f) the vaccine does not contain an al um nium
pot assi um sul phat e adj uvant, characterised in that the process does
not include one or both of the followng steps: (a) a step of

| yophilisation of the Rib conjugate antigen; (b) a step of packagi ng
the di phtheria, tetanus and pertussis antigens in adm xed form
separately fromthe R b conjugate antigen. 5. A process for inserting
a liquid conbination vaccine into a container, wherein: (a) the

vacci ne conprises antigens for protecting a subject against at |east
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the antigen for protecting against Rib is a conjugate of a Rib
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