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patients receiving combined DTP-Hib vaccines compared to separate administration of DTP and Hib,
acceptable protective anti-Hib immune responses were seen in all cases, Reference 9 uses a 10-fold
dilution of Hib-conjugate dosage by reconstituting a single Hib dose with a ten-dose vial of DTwP.
Reference 10 discloses reconstitution of lyophilised Hib-conjugate at full dose, half-dose or

30 quarter-dose using the TRITANRIX™ DTwP-HBsAg vaccine.

In each of these cases, however, the Hib-conjugate was in lyophilised form and had to be
reconstituted by aqueous DTP antigens prior to administration. These vaccines must thus be provided
in two separate containers (aqueous DTP in one, lyophilised Hib in the other), and this double
container requirement imposes additional cost and logistical requirements at the packaging stage, the

35 transport stage, the storage stage and the administration stage. As the reduced-dose vaccines are
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requi renents are significant di sadvantages. The requirenent for a
reconstitution step also neans that there is a risk of error by the end
user, a tendency towards non-standardi sed dosages, a risk of contam nation
of the m xed product and a need to train staff in the reconstitution
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The invention also provides a hermetically-sealed container containing a combination vaccine
30 comprising antigens for protecting a subject against at least diphtheria, tetanus, pertussis and
H.influenzae type b (‘Hib’), wherein the antigen for protecting against Hib is a conjugate of a Hib
capsular saccharide, and wherein the concentration of the Hib conjugate in the vaccine is <15 pg/mi.

The invention also provides a process for preparing a combination vaccine comprising antigens for
protecting a subject against at least diphtheria (‘D’), tetanus (‘T”), pertussis (‘P*) and H.influenzae
35 type b (*Hib’), wherein the antigen for protecting against Hib is a conjugate of a Hib capsular
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process (i) does not include a step of |lyophilisation of the Hi b conjugate
antigen, and/or (ii) does not include a step of packagi ng the diphtheria,
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The tetanus antigen is preferably a tetanus toxoid. The preparation of tetanus toxoids is well
30  documented [e.g. chapter 27 of reference 11]. Any suitable tetanus toxoid may be used. The
concentration of tetanus toxoid is generally between | and 50 Lf/ml. A preferred concentration is
between 2 and 9 Lf/ml. A more preferred concentration is between 5 and 8 Lf/ml. Most preferably,
the concentration is about 6.5 Lf/ml. Where an acellular pertussis antigen is used, however, then a

preferred concentration for the diphtheria toxoid is about 20 Lf/ml.

35  The pertussis antigen used according to the invention may be cellular {(e.g. whole cell) or acellular.

The preparation of both types of antigen is well documented [e.g. see chapter 21 of reference 11; see
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concentration is between 25 and 35 OUJ m. Most preferably, the concentration
is about 30 QU mM. \Were acellular antigens are used, it is preferred to
use pertussis holotoxin (PT) and filamentous 5 haemaggl utinin (FHA), nore
preferably conmbined with pertactin (also known as PRN or 69kDa anti gen)
and, optionally, agglutinogens (also known as finbriae) 2 and 3 (13].
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NECeSSary;ormones [35), growth factors [35], artificial proteins comprising muitiple human CD4" T cell

epitopes from various pathogen-derived antigens [36], protein D from H.influenzae [37,38],
30  pneumococcal surface protein PspA [39], iron-uptake proteins [40], toxin A or B from C.difficile

[41], etc. Preferred carriers are diphtheria toxoid, tetanus toxoid and CRMg;.

Conjugates with a saccharide:protein ratio (w/w) of between 1:5 (i.e. excess protein) and 5:1 (i.e.
excess saccharide) may be used e.g. ratios between 1:2 and 5:1 and ratios between 1:1.25 and 1:2.5.

Conjugates may be used in conjunction with free carrier protein [42). When a given carrier protein is

35  present in both free and conjugated form in a composition of the invention, the unconjugated form is
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The saccharide will typically be activated or functionalised prior to
conjugation. Activation may 5 involve, for exanple, cyanylating reagents
such as CDAP (e.g. 1-cyano-4-dinmethylam no pyridinium tetrafluoroborate
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acid linker [60, 61]. Tetanus toxoid is also a preferred carrier.

Administration of the Hib antigen preferably results in an anti-PRP antibody concentration of
30 >0.15ug/ml, and more preferably >1pug/ml. These are the standard acceptable response thresholds.

The concentration of Hib conjugate in vaccines of the invention is <15 pg/ml e.g. <14 pg/mli,
<12pg/ml, <10 pg/ml, <7.5 pug/ml, <5 pg/ml, <4 pg/ml, <3 pg/ml, <2 pg/ml, <1 pg/ml, efc. Where
the carrier protein is not OMPC then it is possible to use slightly higher doses e.g. <20 pg/ml,
<19 pg/ml, <18 pg/ml, <17 pg/ml, <16 pg/ml, efc. The concentration of Hib conjugate in vaccines of
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(iti) d sis selected f r om1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13, 14
and 15. Concentrations of Hi b conjugates are defined in the description and
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The term “aluminium phosphate” as used herein includes aluminium phosphate, aluminium
hydroxyphosphate and aluminium hydroxyphosphate sulfate. The preferred form of aluminium
30  phosphate for use with the present invention is a hydroxyphosphate salt.

The POJ/AP* molar ratio of the aluminium phosphate will generally be between 0.3 and 1.2,
preferably between 0.8 and 1.2, and more preferably 0.95+0.1. A typical adjuvant is amorphous
aluminium hydroxyphosphate with PO4/Al molar ratio between 0.84 and 0.92, included at
0.6mg A**/ml. The aluminium phosphate will generally be amorphous, particularly for



according to the invention will generally have a PZC of between 5.0 and 7.0,
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(e.g. 0. 5 50 mgfml 1-20 mg. ml 2-10 mg/ml) and is more preferably about 3+1 mg/ml. The presence

of NaCl facilitates the correct measurement of pH prior to adsorption of antigens.

Although the use of aluminium salts as sole adjuvants is normal, other adjuvants which may be

30  included in vaccines of the invention include, but are not limited to:

A. __Mineral-containing compasitions
Mineral conteining compositions suitable for use as adjuvants in the invention include mineral salts,

such as aluminium salts and calcium salts. The invention includes mineral salts such as hydroxides
{e.g. oxyhydroxides), phosphates (e.g. hydroxyphosphates, orthophosphates), sulphates, etc. [e.g. see
35  chapters 8 & 9 of ref. 65], or mixtures of different mineral compounds, with the compounds taking

7.



B. Gl Emulsions 10 G| enul sion conpositions suitable for use as adjuvants
in the invention include squal ene-water emnulsions, such as MF59 [Chapter 10
of ref. 65; see also ref. 67] (5% Squal ene, 0.5% Tween 80, and 0.5% Span
85, formulated into subm cron particles using a mcrofluidizer). Conplete
Freund's adjuvant (CFA) and inconplete Freund' s adjuvant (IFA) may al so be
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purifi ed A edcbm phsphatesddiuyarit g ®e tiedhni ques have been identified, including
Qs7, B17, 518, S21, HA HB and Q4+ C Preferably, the saponin is
B21. A nkt letEmsdisipisoduct i on of Q821 is disclosed in ref. 68. 25 Saponin
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QHC. ISCCE/B SBOMaJ orflft}on?c 9 sr%io I 65 refs. 69-71. Optionally, the |ISCOVS
may be devoi ' [72] . A review of the devel opnent of
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derived HmaiRtoRd, kiR AL BCOMUOSE Sid flarkeRd E¥SuMuldiy,, Hepatitis B virus (such as
core or capsid proteins), Hepatitis E virus, neasles virus, Sindbis virus,

Rot a}/: I USSapbrid® corprrditivisihidve IBE&eﬁﬁme& it HPBE tah® \RIPEMIBL.C. B pbéifisvpirkfied i frattgons human
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Combinations of saponins and cholesterols can be used to form unique particles calied
immunostimulating complexs {(ISCOMs) [chapter 23 of ref. 65]. ISCOMs typically also include a
phospholipid such as phosphatidylethanolamine or phosphatidylcholine. Any known saponin can be
used in ISCOMs. Preferably, the ISCOM includes one or more of QuilA, QHA and QHC. ISCOMs

30  are further described in refs. 69-71. Optionally, the ISCOMS may be devoid of additional detergent
[721).

A review of the development of saponin based adjuvants can be found in refs. 73 & 74.

D._Virosomes and virus-like particles
Virosomes and virus-like particles (VLPs) can also be used as adjuvants in the invention. These

35  structures generally contain one or more proteins from a virus optionally combined or formulated

with a phospholipid. They are generally non-pathogenic, non-replicating and generally do not contain
8-
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refs. 97- rabl referably, the CpG
oli gonuclagl? oalgge%iugo%%n%{?erpt&gﬁg%gednlvt%h‘%tsg:? %5& s accessible for receptor
recognit 'Lgﬂd AQ@MaﬁO&'lha{udefdw?va%@o?hﬁl@Slrﬂ-b% Eé&irérfiﬁm%‘é‘iﬂkiﬁﬂ%?éwﬂ?ﬁ éﬁl-ﬁﬁtiéc hed

at their ends to form "inmunomers". See, for exanple
100- 102. d%ﬂ@&c,f?feqxil'awlempfsf%%w ating toxins and detoxified der| vat| ves
Pr ef er abl Brote n

t her be .used a vapts .i i nyentian,

oo | DR B ist elpies Rulafle ot s a5 MifaolsC g yEmion el peshp
("CT"), oequpeest cmsdirsng a 0BG’ hotif Taalinusleotak sekpiencei donteahingiR- mintetglated teytoging oxi ns
as nucos | i ant s
"n ref. ?hﬁe?"’#%é’“%ﬁ?t%ﬁ%ﬂf“*&?%%“ﬂﬁﬁ@'%“5?5%%%‘?@‘*?%%ﬁ*€°‘%?%®%$§§°§‘=°fﬁa"+ B oxi .
conpri si mefindeanic o Rol§d@ seansenss haye alp brea shpmingo be iImEunosimAY- cont ains a

det oxi fyin tatio re .1 he B subuni tated, . Preferably,
t he adj ﬁJ&%FSﬁgg can iy P%%"F{ %‘HF ‘%‘I‘i 1catins(pa °§E|ﬁ"ﬁ}‘ é%liﬁf’?' '°a|t_°1m‘?-$'7 a"aﬁanf d
LT- GR92. cdihée Wnebl&btrall¥d- 6r Engiy-biaintdedly Refexdnns A8 ahdt 8k distled phasibly ahales

t her eof , \R?a{nuh syl s Leélfak"é&eﬁ?& 44 S'oslnl_ \ﬂzzz-de% y- ?%ﬁg@{%%m%aﬁe a%JUKIQI‘HPﬁ'CJt @f refs.

105-112. Ions 1s” prefera
based on Qpﬁ@llatbﬂuganEhiQﬁéTherdlmswd mn@fs Bo§ébun| ts of ADP-ribosylating tOXI ns

set forth in ref. 113, s gl fically_incaorporated herein
e CpG sequence may be directed to TLRY, such as the motif GTCGTT or TTCGTT [96]. The

CpG sequence may be specific for inducing a Th1 immune response, such as a CpG-A ODN, or it
30  may be more specific for inducing a B cell response, such a CpG-B ODN. CpG-A and CpG-B ODNs
are discussed in refs. 97-99. Preferably, the CpG is a CpG-A ODN.

Preferably, the CpG oligonucleotide is constructed so that the 5' end is accessible for receptor
recognition. Optionally, two CpG oligonucleotide sequences may be attached at their 3' ends to form

“immunomers”. See, for example, refs. 96 & 100-102,

35  Bacterial ADP-ribosylating toxins and detoxified derivatives thereof may be used as adjuvants in the
invention. Preferably, the protein is derived from E.coli (E.coli heat labile enterotoxin “LT”), cholera
9.



by reference inits entirety. 10 F. Human i mmunonodul ators Human

I mmunonodul ators suitable for use as adjuvants in the invention include
cyt oki nes, such as interleukins (e.g. IL-1, IL-2, IL-4, IL-5, IL-6, IL-7,
I L-12 [114], etc.) [115], interferons (e.g. interferon-y), macrophage
colony stinulating factor, and tunor necrosis factor. G Bi oadhesives and
MucoadhegiGE?, ot peBissia(RES). Thesusard dﬂmdﬁeddh@%—iibwlaﬁwtoahses inecdsﬂad_]umm is

adj uvant gelfndg ﬁréfni‘(ﬁrlw]gﬁparékg{%%?h@ams% Pegg@@sf 4G Sxih ﬁq‘? 1sep?$f§£$lgli

hyal uroni c acid m crosphe hesi ves suc Cr oS
deri vat i Vg ef adwlojxins cpmprisingcbeth A god By subynitsa PreSuadily, thio Ay subugit cmmeﬂ a. done
pol ysaccfmatbmﬁ@ AfatichapoRpRh B klsbeh:t 14 InGsRutated) PteBsably, afechdﬁesm Yt dedbRiSied her eof

T 0 L e QTR DL B Ao e i B ©

M cr opar tdetokifisd erivetiesahgent} pacticgladf LT-KE30amch L{ToR72] 39 ndjuvandlcamu dound roreés.

f er abl ' ~10
P 11 201 T2 Nk A AL RS o £6RRL o, eI G 10
(e.g. a thohgudB PgbemlewA&)@rrdaosylﬁmamxylﬁwnqusbwawgépmce"y wcqsprgtest herpiest er |

a pol yanhygéfirehte ifitsentiRBl ycaprol actone, etc.), with
pol y(l acti de-co-glycoli e) are preferred, optionally treated to have a

negatliovelpy - ¢hmes ethmsombdddorse. g. W th SDS) or a positivel y- charged surface
(e.9. W tI-Pun%g(lznqt uﬁ)omq%ulat%% su{tzlgagegtté% H%el“z'i gT in @e mvent.l E‘fq C\;t%kmes SIR‘,}Ier s 13 &

14 of ref es of adT RS use as
adj uvant Sﬂta'll®ki09§€gl Bed L2, rlbfds ILH] 8L~ §2d1:—7 Bo12) [Rd], ymyéklﬁlzlleméere!Sh@lg and

pol y0><yet.m&&&ﬁgeﬁaﬂphagmhﬁmnm&m@ jctdY 3Rl SmokhdoRRk Bicfopr Use in the
i nvention I nclude pol'yoxyethyl ene ethers and pol yoxyet hyl ene esters [121].

Such for nul mdaam;véwnﬁmodamgslnuﬂe pol yoxyet hyI ene sorbl tan ester surfactants
nbi on with an o t 0X xyeth

et her'd oPiarchaved sbd ZREaRPES W, i T, P 'S 1Mo 288 Bieatm o Rbn

non- i oni dicdehizest amcluds wetkbrifeed byalupatico agid ohiclodb8s [Piog foermedadhBsives such as

pol yoxyety FM% -fifked €14 aﬁve@r %fsgé'l?(%&?ﬁ’cuf{c 3%3@\,%8! 'Q&Mh@? 8{19&!&&1 rolhdonel,

polyoxyeth ene- 9- ret ene- teo

et her, Ef&ewaﬂésﬂ ag) éﬂfBQWB‘b’S‘FF téQSﬁé?httoemayMsreewF gisesoh may alav i "i?fi Rer

pol yoxyetabmbﬂbqnaﬁ-"{vamaﬁl 1egfher, and pol yoxyet hyl ene-23-1auryl ether. -10 K.
Pol yphosphazene ( PCPP) PCPP formul ati ons are described, for exanple, in

r ef s.20124H aMicrdgasticled . Mur anyl pepti des Exanpl es of nuranyl peptides

sul tab' € h;llg{g'ipéi'ﬁae Efgis&"{:?%fse% i :ig??]té ﬂ]\ggtuhx%ﬂud NGhitdFartbIACEEY] parficle of

mur any eonyl - D-1'sogl utam
N- ac et yI ~Adfinmie ar g indiameier.-nore rabb/aﬁ?m@ 1o rdPum fpriametes,fid most preferably
N-acet y| mapumy to--L10gh 30 dlambleh) SOSHed 13M hatérials tﬁdtafv m&regm&dble ahd rShRAddelg0y | - sn-g

lycero-3- por)]/{adlgy Xogcg aclg)r,]or ylpgﬁ(g/})droxypl}/tyr%magl a polyc?rthoester a polyanhydride, a

25  polycaprolactone, etc.), 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).

I Liposomes (Chapters 13 & 14 of ref 65
Examples of liposome formulations suitable for use as adjuvants are described in refs. 118-120.

30 J_ P ethvlene ether and polyoxyethylene 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-



M | m dazogui nol one Conpounds. Exanpl es of i m dazoqui nol one conpounds
suitable for use adjuvants in the invention include 10 Im quanod and its
honol ogues (e, g. "Resiquinmd 3M'), described further in refs. 126 and 127.
The invention may al so conprise conbi nati ons of aspects of one or nore of
the adjuvants identi fi ed above. For exanple, the foll ow ng adjuvant

conposi t i @NP,iBNos the i nvention: (1) a saponin and an
oi l -in-water enul’sio ) a saponj @S21) + a non-toxic LPS
deri vat i W& é’org'"anetf %‘“e{‘%‘)p? “srﬁ%glr?gﬁ"‘?gsg Q821) + a non-toxic LPS

derlvatl\l_e_(mtm + a cholesterol; 15 (4) a saponin (e.g. @S21) +
wth, | o238 ?PHU%%%'%P%&%? F ) ok 3 W) BRI AR

cont aini mf%ﬁbfmhnesogluemw W)Bdtwetytﬁ%rwwamﬂm glany)- %RE‘W'})WE(POYLlZl
and t hr - Ngbp), elmermh@,nﬁtrh.uymmgl o-Réutaninyd il RlEhRE-QQ1 "2 dipathiM-Algneaozexed to
generate ,a,l ar gerh E”grtiétllﬁ? é@Tﬁ | si on. (7) Ri bi TM adj uvant system ( RAS),
(R bi nrMﬁrSW Dot af al ene, 0.2% Tween 80, and one or more 20
bacterlal dinidazgg g pepntds. from t he group consi sting of

rmnODhOSF.ﬂ,?&ieé F %aaazowtalnet T e A e

skel et on preferab oxTM nmore m neral
sal t s sdevﬂuaembwdats bﬂmﬂaﬁaeg&l& §R~=mam96ﬁbt bftfserl'eférﬂfrtbat W%fs d?G trlﬂs!ZZsuch as
3dMPL). O her substances that act as inmunostinul ati nq_ agents are discl osed
in chapt ekhenvgptionanay ajsg comprise embipatiopsfi3gpects oboreoRp9Es dfithsradivyants Mentifisd ent i on
cont ai n Eabo% Fd? eam:ld-ht}b falt&m@eaaﬁwaﬁlawpmynsahmelumlmldne ltfvtdﬂittohe(ﬂ)aﬁﬁ&ﬂngens

h as: h t N WL35
andlor v, G g veh Smufpy LORE Qe Pebhiiae ek Rt LS Bebaie o oup
C or the dMPyER8E hﬁmlswsmdé gr@f21) 4 8 8on-toXk &P§ derviahe (pgeTdMRLD Ha chdrstanins
conj ugat gg f & rr?&) f_p,r:‘3Q§;.‘ 1)4 BQMPEQJIEQQ%M?M\ +& ste}%%f&(gn@% %‘mblrﬁﬁons of3dgichari de

ant i gen from ococcus neunonl ae - an anti gen
f r om hepa¥ith fag °A3'W1F RS2 1 and/er gidrin- W%tetw%ﬂfea [A1EUS pAF.pontaiming’ [PAgiqualaney,
Fmt [ gegsg(mmmeaaswt S%Bplwoﬂtu-%:%gls tpslbmaSLtzhiEaﬁJtht -MDP, anﬁhllr Qicrofiii@izéNintode nfs

e. g out er - rane vesl cl e or e f1on rom
N oni noibBEen apsiP ot voReieagh drae FiBed Ml Hecater apakbagaryt |00
143, et c.sy88n (RASp1(BibéiImmamichg@ncohtamimg N “hrequatege.t 0.29% sTveer 80s odponB,or sumd  as

: _
Eeozezd N b ral c%%allt&né?%nté\#og{\ %m Q*Sg% egggmgﬁtmm(o@ﬁ@s P&Jg&:f@g éi‘mtﬂﬁéﬂat’ '1 tv-fs

152] sucﬁiﬂachiaNTD 1“‘#??%“ vehtkels |(%Wshﬂ5¢fe€‘th‘thP%é" %%(%0%} andy )‘t'ﬁé’ée
further andrk il safBisu@radan Wuhinuinysalt)Grad doyi-udec depivathe Bf LIS (sachGeBEMPLLY at i on of
at least Ig/m each. In general, the concentration of any given antigen

wi || be spthérisctisntes tHat &4 hsGinmuasktimiEtiNEageRSH0 Bis@osad i chgdtertihAttefa3t i gen. It is
preferred that the protective efficacy of individual saccharide antigens is
not renovgg, ‘g%l ning them although actual 5 immunogenicity (e.g. ELISA
titres) may be r ced. Where a saccharide antigen is used, it is preferably
conj uzfat dfbnipositiorsaif theeinvention ebmain D, di, deand tHib entigene &'hey may also include further

antigens, such as:

— a saccharide antigen from N.meningitidis serogroup A, C, WI135 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, W135 and Y.
30 — asaccharide antigen from Streptococcus 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, eic.
35 -~ 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-



i mmunogenicity. As an alternative to using protein antigens in the
conposition of the invention, nucleic acid encoding the antigen may be used
[e.g. refs. 153 to 161]. Protein conponents of the conpositions of the 10
invention may thus be replaced by nucleic acid (preferably DNA e.g. in the
formof a plasm d) that encodes the protein. Simlarly, conmpositions of the
I nvent i onTheaympoditun @y @ingirise hse ovmarh ofithesecfurtbacantigens. dentigertsi wiengpieallg be

m not opes e i ndi vi dual
sacchar i erL%o r#) (l;nc%nr}r hm{ (qla? eXBqB%{M éanth gﬁmemrm%sc%n%goﬁgk %lhen ant] a%ac i ne
may conprvidldesuffipiepsttp elecltrﬁnmnmum wsmésewemt fhatatigey Ittlharefvepmthetltwf}’rov@etps ul ar
pol ysacchgiéade of rancmlaﬁe s@khdrid® antlgens ACKAEMSRA | HyS@nfbinit) Bef, BNARKE afigalOf the

i nventjon includes itis B surface antigen (" HBsAg'), this antigen can
be ma 'H"T%g%%&gfﬁg&ﬁ‘f‘??) sbﬁé?ﬁ'“f' vol ves purifying the antigen in

particul a formfromthe romc hepatitis B carriers, as |large
quant i ti o) §F 2 Spssheg a?@'seyﬁfeﬁgswe&fﬁr% X REEREAP 2 sprgier AreipiB ALerternenctie

bl ood st r @miondgenicig an HBV i nfection. The second way is preferred and

i nvol ves 20 expressing the protein by reconbi nant DNA nmethods. It is

pr ef er r edAs finditeinbibveltiBashis proteinraaieneid tycomposiion ®s the invemtiohheicloRacid2noding e s

cer eVl ST 8. 4ARRA mel8, (5P A 90°1T 186, PRRSL LEMADROoPul! B3 slons B flc| (S

expreSS|on con
' GAPDH pinvsntioremay (hns bmepllqeeddwmdma el knyeferally Pl pRain @ﬂe@ydﬁm@m@éhage ne).

The yeast e ghdes B protkih Uglﬁﬁiaﬂl)n c@mp&ﬁl'ﬂﬁshﬁtth@mmbh' Ifﬁay 'Eﬁﬁﬁgse elﬁmmc}pﬁxrﬁ’i@r ified
by a process i nvol ving r& as pregipit ;P‘? exc an
chr onmat ogTe&Acide anHgens, s mimaianen a0 amdé?wrm"f' e mﬂB@ % Gl

subj ect edsateharideatoyripoients( @r ghay Wupplen@yis themnal .an 'Iélxmnﬁastﬁg vmwebﬁaw&mqarnsmaa

pa”' cul Z‘é Etléeoélr%w\m%ﬂee Zﬁ&d(]lo‘? 1 M [l [a@%jecgéﬁ?a ﬁo@i{c%‘?ﬁe th PRl 9 @t ! gen,

is pr I OVI rus 'OVITUS ype (e g.
l\/ahoné§/ syaechimde itsglB| i ovi rus Type 2 (e.g. MEF- 1 strain), and poliovirus Type
3 (e.g. Saukett strain). Polioviruses may be grown in cell culture. A
pr ef er r edWoere auresir@®f thedaventiondRdudes  hepatitisdB sugface intigen GHBaM'), Hipantigenedah | i ne

derived fdeQHWwK&sd?ﬁeYﬁrsMﬁﬁﬁ%&ﬁHl&s S@x‘ifymﬁ%%%ﬂ%&n% |p¥rt1@ﬁat@¥ﬁrﬁﬁfo%¢thc )
m crocarriers. Culture of the VERO cellsS before and during wrg‘cdjnfeatlon

may i nvol &Ml chromic hpafiis B ﬁe"aféﬁ%& Hrantiies of FBgecare sxothestrad in fediver a8Ag t hi s
mat eri al mleesdd Ghtdehe bcdmﬁatrmaddlfrrngmh $IV iafestionh Thdseadrd \ﬁaryaep:fefeareat baVinitdves

Fgg?g_?‘%or mﬁleegscl;ne 1‘? {/)1!0 tet b b} %%@bma%% etlﬂ;ﬁy ltaIL ?%ferreél1 é-n% tYlg g&l p?"tl*ép%reﬁ ll')gg as
t echni que@cpmw lasheuﬂapq*lufqmﬁsamewﬁae yhastf ThetHPasﬁgcgnne rambmmedmamwgendpnyd Pri or

to adm ni ggnidkk ess.bmmmﬁe ;ﬁ‘ﬂﬁﬁd ms)h& cMhthH&?@y mhmlafesubmsqae B’ pRInbde hi S
can be ac&l ev Vi ruse@bare %deferabl y

grown, pu¥i© %f%‘ifrﬁl‘fe?g&‘{g%/%{’t"éﬂ’a'ic %ﬁg%@ﬁ‘m ﬁe"‘ana h%lryéasf HeAY m8 give
a bul k nsyxtheticemddium. dB3iAL icamthérobetphifigicy arpbeess divolvingarepasuaings predpatits, ion

anti geqs. o ol '?&?&?%c@c%’pﬂgg nﬁﬁﬁmﬁlﬁmtﬁoﬁeAhéP)Sﬁrrﬁcaé?cgl WBLA R? L jg{l&{tﬁa alysis

|nnunolog|ca anount |on anount
to an i ndies wwlawsteene)c A HBrAgmay hegised l@i@B@‘“@t’at@@r%art of a series, is 5
effective for treatnent or prevention of disease. This anmount varies
dependi ngWhper vapeinchelathe finvariipnphshurdet alpolio artigen. dhiscreferrrd o ruge thretupalliovious be
treated, A@BenstNSHoliViREATHE 1 G40 URaldhey QRINY, ghuairds Oryp€ 2t(.8MBH-1 strain), and
poliovirus Type 3 (e.g. Saukett strain). Polioviruses may be grown in cell culture. A preferred culture
30 uses a VERO cell line, which is a continuous cell line derived from monkey kidney. VERO 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). Culture 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.
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(e.g. human, primate, etc.), the capacity of the individual's inmne system
to synthesise antibodies, the degree of protection desired, the fornulation
of the vaccine, the treating doctor's assessnent of the nedical situation,
and other relevant factors. It is expected that the amount will fall in a
relatively 10 broad range that can be determ ned through routine trials.
Dosage t r\ﬁiafsfﬁad?& préRbablygrawis purified aﬁh)s:ectwaechmdmldaalm ardl aneithen pdrgbitkdsegisehedul e
(e.g. inglydiy rcbePantdﬁfonqugiﬁ%)smb \%I%It Q.J.u%hay% On_ents of vaccines of

t he i nvention Vvacci nes o e |nven I on typ| y, in addition to the
antigenic t t e I one _.or re

" phar mace% gnasll'ﬂal%@%eo@%b egﬁ(gahr‘?l"gg?wsén? ﬁ?] lcag)péﬂ%dl TORER ee{%)t hat
does not admgeqtrhmm@ﬁj@et mnbtoom@di"@ﬂaloﬂﬂﬁhﬂ bémg'éstPmpfrrP%Part of 2 Iseries, is

i ndi V'sduaéffe&ﬁe %rv&e%ehh& ;ﬁa@m'ﬁlotfma&se Stistaafabit v%ﬁésrdeﬁérﬂm?ruﬁoﬁ MRinesMhladd | ar ge,
slowy netaholis sacchari des,

-t
Dol Y1 et IRESEH (RRaam P patat 1 i 8 Jafrono P Bbte s, iy st g
copol yner. g lakian Qiitnate] 6/0]), thé caphvity 08 the [inldH6dual'd iadiune eystednid shmtfiside agpodient es
(such as s de e%%?lp%ne%%l%n desw%dp&?.%%% atlorﬁﬁctne 9& lrné qlrues tr%&ﬁ%%%rs ls(nsi:]sgsmﬁe&t t hose

of ordinary he vacci ne
such as whe wedicaésitupting, ang|ofheerelsivant gactors. K@oﬁxmcm;malt she apgyit With fajl nsmt@@naﬂr es,

such ap  pidtradpd mcs{mﬂ &até.%tmt@a@ntramnphl.aﬁub%@age ngaus.ahsﬁ %eassm%ei;golsf) lhggl .

| i ke, may be present phat e- buf fered

saline i s“cha”dt"ﬁﬁ{ %QPlt'Blﬁth"feéFth'ﬁ{e E%F‘g'b‘a'ﬁg B‘?"é@h&%f%n of pharmaceutically
acceptabl e excipients is available in reference 167. Conpositions of the

i nventi odvtaﬁmnimoqudcumpémmofvcecm@tﬂftlteiimstm suspensions. Liquid

formul ati ths |t|onst m ni st er.ed

i r oct 1 rORFipficR i nyeRisn P BricAl i AP NE R et P R PRBIERE L an
aqueous neeitiomed abong, eameprish ose ordedt ;ﬁ@mnapwpeailtylameptabbmpmust, ivdhird inclydelppy
Presefy edyp; ‘glhtadogs no%seﬁ cd Y 8&&&5@5@4&&.%;&3maﬁr&aqa:ﬁel..kd.ﬁ&haﬁé&%mﬁ The

syrlnges may g hout need syringe W | |ncfu de a
si ngl e ché’E‘Pﬁ‘i‘“ot“h%“' Blﬁﬁagmaeﬁmhs\ﬂhrr@a% stowly mptabplised m%réwd@l'!ss §ychds e dose or
mul tipl e teias gmlysadhdrides, ipdlylosic hcnag;: pelfyglym.:laamenpdmmrarﬁmad; 20id§ Uintidbaéd f or

tituti th hi | f .
o be. uscPBrers o et SR Riteh OF SRE Y (BRCSBHE (et e bAoBF ST des o
Kit, whi diposranes) Swpreasierstawowall lelown toothossmy odanyrskdlon thearty BleedsaedindsImegl abyr i nge
and ofif Vdofiain d’ﬂuhﬁs sﬁ]éh a&@%?@&l&e?él L, éXrA&bﬁ%anW '}gxn 5§ dubstinE&aGch 4@t € the

contents of the Vla prior to I Nj ecg on. Vaccl nes He |nvent|on may be
packaged Y§itingnet crayefyineorasnisy P rPUHfmlrtsi pbgangss cand dP“m“k?;dPaYrrB? Prepiné Steme gose

fornmns, vn;@lr@exafree [ph&bi)ﬁﬁté-&iffei-da phySolbgit kfile Ssyﬁ ltypg:escanla‘rf AChdrvghdigagRn \opl unes
can be routine g dose of the conposition

for inject F%’f‘?cﬂ’éganﬁa?/%l’tﬁ%e’gfmﬁ' Sé?rﬁva'labieg Vg?ﬁqcﬁggpof the i nvent | on general |y
have a pH.of het ref erably between | e.g.
650 5. TREmoREer g e Ep@Pians  ApusPre Pub &Sk s by RepiERy L Rt

mai Nt 2 ned thiytyp¢ dkwaste compasitiong fodre.adiinisteraictigpadioin thear pekypeid fos, withaat e ni um
hyd d Ldi .

ny m{)gg: tleggmyc%&sueugom% Gldetift o nne%m% fnclre e S Ikl Sumibltloh eéo"h, %}atml;bg and
whol e celprespaied inodilss onthey genbe ane@ented@owp@tﬂ illgd synvigeh The lsxrmgessm@r bel supglied on and
S0, when GiutQTRAShtinkdks, 2§ rEnE@w'ilf‘MaD&e'aOsrh lerlfbké‘&ﬁﬁe &%oﬂi‘norﬁ DR&GsGOAPARENT S,

it is preferred to sterlllse he conp05|t|on of
include a single dose or multiple doses

30  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 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
35  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-



i nvention by autoclaving and/or to use sterile conponents in its production.
Conpositions of the invention may be isotonic with respect to humans.

Vacci nes of the invention may include an antimcrobial, particularly when
packaged in nmultiple dose 10 format. Many antim crobials are nercury-based
(e.g. thionersal), although nercurial preservatives are preferably avoi ded

e. 9. 2- phenexyedfiiRialentity gdaeralisisle a:ﬁHSbeitQS@rel(aﬁﬂd\/Sao lnﬁ)ré)ﬁﬁfeﬁ[)@tﬂeuyc% @gent at

and o e & 606@%&41’%{%%%5? ey B P e o b G APRSY m ¢ he
conposi t i the\ ufeenf g_buﬁq:rekfermmassﬂam cpmprises wralinigiuimhydexidasall, it iaptefegredi ) use 45
vacci neSTmzt.dﬁAa%ﬁrf&v%gé]' ém.gpogﬁma)s& &@rn@smtpyﬁoggn fré. Ownmﬁﬂpmogp%&ebat e,

such as Tween are generally presént at |
<0. 019 v%t@d’fhﬁ%elbl“eft“ﬁﬁé“ ﬁ“HS"@ﬁ?fF emowbke it sidfer stasitfsatinn and sogwhea agome@moe m

chl ori de) oftthe ﬁwehaoﬁ ﬁlB!uﬂésto)‘ne off tnese csmﬁmem tif i® lprefeih}éd EOEMlise the 2OElpasition loF the i de.
The concentr sition is preferably in

the range' 5?" Igy fiugoc?ﬁ'ﬁg M‘?ﬂ% & 5‘5“'9?‘?}&?“%@? ipyits g%g%'oprg/ mM, 5-15 20 ng/mn)
d f 10 /. V f th
?zvelnts i gﬁEW%Sﬁ B ZB’Q){TV"?O%QH&% 'Sﬁtoﬁﬁf“?tgfesmﬁpﬁh'gg'ﬁ?r%gt e or ﬁlcglt |n g;sng buf fe er

is typi f th t de f hat
ol Ut | on- ViEsiges e ety me M e BB PGl e PeckieRd B et 0% '
non- adi&or fotmanMerdy antimigehials aré meraigrRleasew (e gt theameohl)f alheugbhoapiral preseomavesn t he

S ?g}’gfgt: ae B%Ferébgﬂavbfa&?@g g%heh&yg@ﬁsr ﬂ%) naérl}g&f Wﬁfg gebrfz)t/@gg e ergolgi}ﬂese t at
Packagi ng%t)’f leyele 644 L0154 by welwkfel’rwqe%twaw addsd expeenpyple pRA/5 MRYabE Be

packaged idinpéadnt @8 Shet Hlﬂﬁsanﬁéené" QHichl 2€ mikdTto fobin \théledmpdsiios YE.] kl,’nﬁ@éi:nt &f g For
prior art DIP-H h vacci, %Tﬁg‘? g)gt require reconstitution of a l'yophilised H b

conponent f W%?Era%dg?”tﬂﬁfﬁ ns are drawn froma first seal ed vial into a
syrin en i ntroduce a se 30 seal ed via ai ns
The. 1§ pnd et arFion PRKGOMBtt Bkl AR F G O st TSR nt o
t he sane Bsteigenyearé ganemtlyrprasest at v lovelsteg. a0.p%.i ent. I n contrast, Hi b
conjugates in vaccines of the invention are stable in aqueous conditions
and do noVaccimeulbf the lipvepliinl mgaincivde soiiven salty éng. i sodininschidiide) toadiveetotioityy rihwi de a
vi al havi £reabl £ so@fl CAHRT Ahd Loftedittiioh NG ejpp the
pi er cabl eg%‘lep%f'%as ot &%pgen soﬁler celg O% OF}C he anégﬂr;\&i‘on ?r}ggg% {e

provi de aCHuIOHEeN sarefyrablydn é'U‘ ranggs of Pt 19 WQrm&(@He@E i tfgmamlated me/m 5t]f5|e

I nvento oNmg/miyantis hdre preferdbPOR Mg/ MARBCINGS aloled mp/adui re reconstitution of a
| yophi li sed Hi b conponent nust be packaged into two separate containers. In

contrast, VidiRed s Thventioradili@éferdiRénchide bsffee M pHosghaterop Bistdind Wuffer ik fipRAIL | Ng a
vaccine of the invention into a container in a formthat already i ncludes

DTP-H b aﬁﬂclr@m&he .Ituanbm&y ftlode fies pmsgﬁa&na:lw il sd]ﬂtont(hF Qiygﬂn: e SRAphobphatt he
is |la manuf,act ur e

cont ai ner Sim S cci.ne

Shen pr opuEpn kb i euRe iR far o AReRe P REoH of e Bt EBILIEL ¢ Drp
and H b fmmmslagn mﬂrﬂerlmstlQMEganmﬁmqtmn alllaodvlsﬂ 0 abyk Ipreifengplobetwdeh é andifwMhe i n
its fhnal o JJHsdbiret08lyBbut 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
30  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 picrced. Similarly, the invention is able to provide a hermetically sealed

35  container containing a vaccine of the invention.
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Furthernore, prior art reconstituted DIP-H b vaccines are withdrawn from
their containers in DITP-H b formbut they are not inserted into the
containers in that form According to the invention, 10 however, such
DTP-H b vaccines can be both inserted and extracted in the adm xed DTP-Hi b
form The tinme between insertion and extraction can be at |east n weeks,
where n i BricsarteRTRHil vesgings that reguireqrecorstitugon gf a dyophilisetloHibi@mppaent adistobe nor e.

Extracti ophciigtd infhaWe rsé’ﬂa}aYc RftaibR. Th lBS‘ntﬁ&etﬂé ﬁlvérﬁlog all&vrﬁhé‘ﬁﬁﬂh@n QPCa p’i‘oceﬁtfﬁlr ile
delivery deV| ce, such as am}yrl nge? ser ?A&to t he cont ai ner

will usua’I“F°§‘"1§ea acsiRe Lt the dyFation P °n"g°"|"1‘%‘éefq&tah Fm it aa‘n*“i" n‘\“&'“ﬁ“él%%ﬁib
devi ce. lintiR¥neEheiindertiva iz prefesblphot tHreugh aweahin thecovairet.nes of the invention
contain at least DIP-H b antigens, and their preparation thus involves

adm xifng Sikdiady, EQchiaélbihog@g?ﬁg is llirbhilddeiuﬁﬁgammlﬁmgﬁmbm pri@fartr\aeamﬂjMiﬁdrepr ihor
art DIP-H pb,vacecines, the iny j O rovide a at i Lofess, that
does not I_taﬁe(!lf’%gﬁllea&?f &5 "bf"PP%ﬁm ?‘"rsaa}f' ?@%’[‘)‘Sﬁs w‘heéeaﬁlﬂﬁ &8 ?%ﬂ@f”é%b%f Par iy,
t he i nventh savcing indtsifipatRTBHibfoniet.a prepar ati on process that does not include

a 20 step of packagi ng adm xed DTP antigens separately from H b anti gen.
Duri ng prBptemiors rpricantti igamstituhd CTPHie wdded @ae evithdrnemalrdny theit ceuktairessdin

adsor bed gopgy; Hg!,%%)rd\lg}mtﬁ%k?edﬁ to the ctontlelerQ mg%rm F)’[c%cggﬂg% m@gw):ntmht i S

t hus referre each e anti gens han
5% by l&wei lngew(rpwe'r DITRHiY varsiney cande hoth imeriedand sxtmewd ﬂlbthaﬁdramdwpﬁhhhh ‘@ant
(e.g. dat TRStime WlReem insdFas abna%ﬁta&ﬁorﬁéan B &llead’ week) wher®: is bc}ldé&ﬂ Iﬁems;,,zmwe\éelr 3
pre-adadsor pe | ge e a cess pa u

P eerne oh b by BE0S A5 oindle 1oyt M‘Afbgéégﬁﬁbh%ﬁ?%ied‘ead'“ (r&. e rgedls othne D

T and P caajloddiners dévi& such es DFng)mitbaughirsertioreintu thecbnmineowill wuaiyde friomra of

the Hbg I allows the ionic strength and/or pH
of the corrpgrg]s?#@?g line §rtRJn lﬂns?éélq%rgd%epwn prior to addition of the H b

conmponent _in order g‘Ere\jent adsorption to any al um nium adjuvant that nmay
be pré%enf”ep‘gﬂ'g\}’gﬁcé'feﬁ the fnvesfion; nyention are preferably prepared at between

15C and 3Qfcclngs 6F thP SRS bRfziPReas2BEP- H?l; axﬁ en?s34|g the qigacfgiaﬁ&{ b QNOIQI.S

vacci nes of the invention The .invention P es a net ra|S|ng
ant i body FEUHBRYE wranmm&n"kec‘awﬁwﬁtﬁ@o rsepmsired pronag DIRHb psranes fthe he

i nvent i oninbéntibh CanrPpacwidk a prépheation pricde thaCdies ha ietuide i stepeif @phifidation of the Hib
prophyl actically, Rrevent nfection) or erapeutically (i.e_ to
treat di s‘é“gé“éa‘&f%“g'l}“ﬁ’nf'“é PYBHS" 1 aP'Ié t%ﬁ'é’“ﬁdﬁ\*}é’ﬁﬁpf‘%ﬁ”b?’S 5%1&'%‘ %’eﬁé?t%c&"drcc?r
raisi dQ astep QﬁwankegmMmdd)Tﬁﬂnagmmwmatelycfmprlbannynt he step of

adm nistering an effective amount of a vaccine of the invention. The immune
response Deringprepaetiar; kytigenowvigcli arv eddad dre et dly aot z}lrehdwaﬂwbsi @t dndwnieimm The

met hod may,1a) &gyg,gn&og&eaas&&%wg%us pEREABITRY chh FERTa ﬁ&%pie Whith (AR,

Where t he vaCC|ne LS |'acticruse uman i s 'y & child
(e.g. a tRmapEthags% W‘aﬁgbt (HFfeablyé@hfag%alreaWérféquﬁe afy glupinim palt (g.gy at most

t her apeut 4%, di§@st 304) 6r at MoSEDY) B sBE Situaidak Yho@Bved (hed-AdsorBed/ A%igéns thal BE ffaded f or
children may al so be adm nistered to adults e.g. to assess safety, dosage,

I MUN@genACGllival pRdcéss fzrhpreparmgrmkovhcah& ef ME QivledEsh WRNRRISIhE IR $o@ponkiao a
I nventi Onm}cx(t)urre ofs t%e BS Taang?’ components ie. ttP\c D%%Br%%onents are mixed prior to addition of the
Hib component. This order of mixing allows the ionic strength and/or pH of the composition to be
adjusted (e.g. pH<7) prior to addition of the Hib component in order to prevent adsorption to any

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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is preferably able to raise an imune response in a mamual (i.e. it is an

i nmmunogeni ¢ conposition) 10 and is nore preferably a vaccine. The invention
al so provides the use of at |east diphtheria, tetanus, pertussis and

H. influenzae type b ("H b') antigens in the manufacture of a conbined
vacci ne for the immunisation of a patient, wherein (a) the antigen for

prot ecti ngriagse Ft?otnr#ﬂ&\}?deh§ nﬂt%emrwaagaﬂin@nwé@p&.epml nﬁ&mrﬁﬁc&%hk:ﬁ%th QSQB the

concentration o0 conjugate in th f ine is <1
manuf act ur® adpusteripg a“lé‘f‘i""rﬂ‘éﬁ E}B@‘"F yﬁﬁh'fal"‘f'%ea? ﬁ'ﬁ igyentipp, ﬂreblwvrugs&we iy hese

uses and ngpéfraBlg pteetiverand prefblbly ivilves Iitibpdiay Bt mahodandy/reike 4 bodakrrespbnsef
C.di phtheriae, C tetani, B.pertussis and H.influenzae infections and of

di sease can&e.dmmialtlhwerhmi QClun@AS Wherg. thé Reccine dy €t iar@ﬁhyla@ﬁc déep fehigumaa , is Of

t et anus of (bacterial menin

checki My eﬁ’?ﬁﬂ%@ég ot € "q‘ﬁﬁ‘ﬂ e SRk ReprdB W4 5"53’“" i f°%ﬁﬁp%'¥%Fs§r?

i nfection lantagis prf@aldm mduist A aaqcmn umdndmfer chijdnon giay ﬂl@mbaﬁdntlmsemmmdultscrx One
way of chegking sgid| LaGY, iRhuRSRREY, #etic treatnment involves nonitoring

i mrune responses against the antidens after administration of the

conposi t i Oﬂ'g, lﬁw(ﬁﬁg[ﬂl'ogld{ey compoﬁ%ﬂg OPtht inqmloﬁ’forh&eas arﬁ{éﬁfbtaﬁlgrﬁ 'ﬁ@%ehr‘éament

det er m ned mnlsterin themto test subjects (e.g | dren 12-16
mont hs agei$ PGfe“ﬁ?Fﬂ ahig to Fﬁﬁfépém{“ﬂ!'@gf’ﬁp"%t“ﬁdf‘ ? Wé‘ﬁma'e(f eritds Ap H@nur@aqnmmosmn)

I mrunol®ygi sdlis e piRBIyS. vaddi@se | nmune responses will generally be
determ ned around 4 25 weeks after adm nistration of the conposition, and

conpar ed tTheVidehish #Ikatp@dvrﬂcﬁﬂﬂ ueE bt eeastaqimhahas fdtamius, cpenmns aﬁteﬁwmmaa fiypeot

Rat h th t t nt d
and i1 vi Ty B A TpRal e TSP SO i S e hAER T cacy
of Hi b andaDie antigenclonpeteating weslilst Kitolsre c@jugplosiftd Biis capbulathsaacéhanden(b)athe wi | |

general ly &gceﬂgmon'ofwﬁad Ol dn)tnd Qacan@ﬁu@gtgfmu%de@} thd BhanlBeiire 038 dTRY be
acconpl j she arenteral i.njection €ut aneousl vy,
i ntrapkY i t'BﬂEd&I‘Y%Ph'hF"rﬁ*PF a%%ﬁt?sqogdugatq nt rarruscul arly, or to the interstitial

space of atlssue) or by rectal, oral, vaginal, topical transder nal

i nt r anasal Thegscusesnd maﬁh?%are Rseferakin for ghe prevention P"%df?g%en'a?frﬁ diphtherige.i Cogtan,

| nt r anuscup, pérmsﬁdammﬁ}w@weqm&tmn; & o'fbis@@e Eluscdbg thesPmfectdneigSthp brbaticied.

I njection hg" a ne g'; @of ¥ aéierm C. negdl e), but needle-free

i nj ection @i}/’ F"t'aeP BPYes WhB ?%‘g’ﬂg 'R l{a (gf’ Jening¥ib-£fuscul ar - 35 dose is 0.5
n1.-16.Te|nv licit. system

Mmuni Cy. et bk PaRTead fEpet Ryt in s oo barea HRFLA dose
scheduke. eidhinmitphm cfothe sompoyitibe of the ewbentionaOpe ivapa iy chiekingefSedcy of popndattic e
and/or in @ea&%ﬂn%wesmmaoﬁﬁg Ledm&céa@%k@agg&sp{ uaﬂ{.g/enggﬁ& adbiliGdtidogy be

foll owed by a booster dose st ul Suli timn et ween prim ng doses
(e.g. 5 bempestionqlmmungeenicty of a?mpoa'éw/@éﬁhwwrem'waa dﬁmeqdr?g adpigilerag

routi nel y Weh @ tedt BeflectsBa gl shiliirah 12-06 MEAtheds, oﬁlfafxlﬁﬁ[ mdcﬁeﬂs‘ [%9@) akieRn deferniiigg body
and so the_ c n*ﬁositi ns {)f th«g i Hention maé “g, n varlousi‘ rns.
For exanpl & FHEEEIRELT RGN "ﬁsa@ BePPESAY %PS%? wif r% e&‘t 3 Sermifiegl geopn

| i qui d2%s0l wtckorftenadsnspaivsi ohshe Tmeposiborp omidt ccwparrdywbealpqrsepmremxcﬂ Olpefore

pul monary MIﬂiaﬁ$r{@t{th@&nﬁogtlon ﬁ§th?rrlha'nr}u@§3£s%tual%bt9cgw@eﬁi‘cﬂ:‘? i PRRRS, sBhdRd

spray. The conposition nay prepared as a suppository o
animal and in vitro modéls 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
30  may be accomplished by parenteral injection (e.g. subcutaneously, intraperitoneally, intravenously,

intramuscularly, 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
35  doseis 0.5 ml.
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10 pessary. The conposition may be prepared for nasal, aural or ocular
admnistration e.g. as spray, drops, gel or powder [e.g. refs 170 & 171].
Successful intranasal adm nistration of H b saccharides [172] and DTP
vaccines [173,174] has been reported. CGeneral The term "conprising"
enconpasses "including" as well as "consisting" e.g. a conposition 15
"conpri si rMye inkemipy map besissd toeeticik sysiemed apd/of mdkoeal immynifync| ude sonet hi ng
additional e.g. X+ Y. The term"about” in relation to a nunerical value x
means, f omDossgampitmentxarlBds sifigle duse schedideitrst multiplaldbse'sclibdels. Mokiple dotes day be

" et elyr e 0o b o . Uit by ‘scli . )
compr et ol v s Simély SORBGGRbA SRl olfol B o BN ARMEN sheBiE A LA dsfB P°
onitted fsehedulpmaybs fallpwedby 8boasisedesyyehadyle Suitably Eping betmrapriniTg dpgeie.2.

DRAW NGS  Igk@leérf-16 wieRyySandibkive BRI Endda6ktiRE Yot Bu YofiRAGRtckhmed, val s in the
vaccine groups A B, C and D. FOR CARRYI NG OUT "THE | NVENTI ON Four

DTWP- Hi b \Baesrid] fhidcbaiiakiadt ivarisus WRhEofeaiday ad so el oRipbINebng B te irerdtidR iay B0S€e Of
H b- CRML97 co lquaate. VacPc_;l nes vyerﬁﬁBgre ared as 0.5%s 0ses Whth t{ue

fol | owi ng PEERETES BnYapowsfRpsss F o xpmple.Ahestampesians dnay be;pge §IiccHRlet G o pi ;
sacchar i ddigpidsoldixse pr shsptbsi@hsSTie chthpoddiopmiayde ipeepsred €ir ulfriohany admizeatjon k.

Tet anus t | f r ' . ' ' per
dose) 15 Akt e RSl & bRty LBhERIS RED HE BB LRIt o, |
dose) 8. 5 pesseryt Hieoloawpesitiinamay ba-prigparedafor naspl, mernlatri ogelar admisistration 8.g1 as gy, 17
Tlhe Pr 0dUGikdp hePSrJfoRas: [V .Sre%SIS’@%éﬂp.LSﬁc%&ﬁilQﬁ&aQM{ acﬁﬁigigﬁ-attiﬁh B{“I_washéchﬁ-ﬂfé% t hedd
al um ni um S e adj uv :oa e D conponent; a e T conponent; a
t he wP corﬁ%ﬁ@'ﬁtrbﬁpa‘ﬂﬁm éﬁngmb‘ﬁﬂ&m‘%‘j ust PH, and add the Hi b conponent.
Contrary to the statenent in reference 175, the Hi b conponent does not

adsorb toGenegabdj uvant. 5 Stability Two stability studies were perforned:
one under e, condi 2-.8C f and anot her. under

The R «sh0ra0e: Condl tions 4lyge-8% Lol & YGaLiSi, & OGpposition
accel erat e(ll' an.dl RHGIS %t'f%cf’&' FEF 1% aday%. VRELT e ORRT D8 & &y APRo!T
st or adé i ricemprisingt X griay consisbexclusively 05 oproayi inglede soBething kdditonalesg. Xs's¥ssed by
determ ning pH and free saccharide. Results of the first study were as
fol | ows: Rt &Th Viborl’ B E@teh thismuneric@hvainewtmeans] fot eampled xH108.

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.

20 BRIEF DESCRIPTION OF DRAWINGS
Figure 1 shows anti-PRP GMTs and 95% confidence intervals in the vaccine groups A, B, C and D.

MODES FOR CARRYING OUT THE INVENTION

Four DTwP-Hib vaccine formulations were prepared, differing only in their dose of Hib-CRM,;

conjugate. Vaccines 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 10
Diphtheria toxoid (Lf per dose) 15
Tetanus toxoid (Lf per dose) 32
Inactivated B.pertussis organisms (OU per dose) 15
Aluminium phosphate adjuvant (mg AI** per dose) 0.3
NaCl (mg per dose} 4.5
Merthiolate Trace
Hib fraction relative toref. 175 | % i | % 1

25
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0 pH6.7 6.5 6.5 6.6

free sacc 2.9 <3.6 <7.2 <14.4 6 pH 6.8 6.7 6.
free sacc 2.6 <3.6 <7.2 <14.5 12 pH7.06.9 6.9 7.0 %free sacc 4.
4.4 24 PH7.17.07.07.1

% free sacc 6.1 5.8 5.6 5.0 10 Results o

7 6.7
8 5.12.5
f the

accelerated stability study were as follows: RELATIVE H D DOSE Ti ne
% free sacc 2.2 <3.6 <7.2

Par anmet er

6.8 6.7 6

t hus st ablaé’J‘B?f‘l—’ﬁ’r add the

I.nv

11/21/41/8 0pHG6.7 6.56.56.6
<l14.4 14 dﬁ%é,

rbdiletion process Wg!d’ é?é?lrtml%’ {l:s{: ﬁﬁo@@%ﬁn‘lw& \Ekﬁ, ad§i7 thg aﬁ.ﬂ'rﬁmﬁm phidspilays PH
b Ersepopnt A8 5 TppPI e P cODPITo

vVacCl hes are
NaGlrheckand

timescal e,adjusn@Hj bl do the Ofib u@aipenene NEanftery Uid il Glalva@nin tefigersé Araghe Hib

cinical t
recei ve ong

ei t her

bt ot &

and i munogeni city (cf.
Yartedtyy bl inded or open).

born at >3 %ﬁﬁﬁ
eligible fd? t eﬁY

A: B: C: D r aA"Per ¢ndsreaces %ec{ tnditions K7 ford4 dmiss ¥ancies wersdestedrafigr worgge ip g

ocal )

our vaccl

nes In a

&Edneél@é& BlrttfedMohd urd

wer e enrol

doubl e-

R dyRT st

blind tri al

random

sed In
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Three nonth-old infants in good health,

{go and
E&d&uﬁ&ﬁé fhtg @ffor%%%s %g 65 65

vacci nes alpright offarbifcertad positio SStabilitages ashddsed &g Aétetainting pW hidl frdeQadchezide. EPI ,
at 2, 4 and 6. Mean
age at enrRdsimnif thadisst Sddy wae @efoll@vs108) days and no difference was observed

subj ects received oral

anong the four

di stri bution.
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atients were fpll owed forRE@moghmm)ﬁg:tlon react | ons and
SMH&ESI $aramef'%| 2] ;/-\+ thal of— 1200 S DLJ?E.[S WeT e, ng:: 1Jdgad in the
es—t-boo—fHer—each—pf—thefoaur—vracetHe g Otps are—251 in the
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reoftai ”E% Ua?dsl e ang omme opyiTafterpie hi rd dose.
12 % free sacc 4.8 5.1 2.5 44
24 pH 7.1 7.0 7.0 7.1
% free sacc 6.1 5.8 56 5.0
Results of the accelerated stability study were as follows:
RELATIVE HIB DOSE
Time Parameter 1 1/2 1/4 1/8
0 pH 6.7 6.5 6.5 6.6
% free sacc 2.2 <3.6 <7.2 <l4.4
14 days | pH - — — —
upright | ¢, free sace 42 5.1 <7.2 <14.5
l4days | pH 6.8 6.7 6.7 6.8
inverted | o4 free sacc 5.0 5.6 <12 <14.5

The vaccines are thus stable over extended periods. Adsorption was tested over the same timescale,

and the Hib conjugate remains unadsorbed during storage.

Clinical testing

A total of 261 infants were enrolled 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 a minimum birth weight of 2500 g, and eligible for the local EPI, were enrolled and

20
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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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anti-pertussis, anti-diphtheria and anti-tetanus anti bodi es were neasur ed.

| gG anti-PRP anti bodies were neasured by a nodified ELI SA adapted fromthe
FDA ELI SA nmethod [176]. 1gG anti-diphtheria toxin antibodies and |IgG
anti-tetanus toxin anti body were quantified by ELI SA.  Serol ogi cal markers
for B.pertussis (anti-pertactin and anti-Agg2-3) were al so neasured by

ELI SA.  1jacakeht)s, aradd ma»ﬁm@geigemntaycoﬂuapeewmmwml ERIN3ublRE CecBiyedSdrblgplist af f

for 30 m Qutces 8&@3 2 23190 e dose. Parents were asked to record on a
di ary t he ‘85T '{13? AseraMUte and 1ocal and system c reactions for

seven days, foll e [ n S ersonnel ctively
cont act ediﬁ% g §ﬂrt°g'7e1"ega 2 Jmélgé b2 208) % af'é ﬁ S o')régceon t ee?vs £d amng e, g)"r
sevent h dagecing| graups rim teenis lof sexc cdcpaveigt and; huahtadlﬁrllpmom Ratients sversf followyed2for

adver sg °¥8 Riffectibh RAGIRD AR flcradiens TdHR 3} Bge. ﬁrmﬁnesflz@ywééwé@max&et.& and
t hose necessitating ysician visit and/o medi cati oh were crltlcally

exani ned élrﬁoﬁafeaf@aﬂuﬁsa?@fwcﬁaehme tomevag?"erogroupamw% A the ifpmuragenicily anglesedi ved

at | east Q@lem\gaﬁ@mnaalem lﬁ\@fo&pd maﬁmdaﬂa i6R i @b ). Nikd snbjeets dmﬁa&on@mb the
syst emc re t.r ansi nt wer e

Syt om0 B4 b P BT B B 080 P R ISl SR T €,
sl eepi nesgrapd, lisubjastin gooupiBregpd BonbjeckGn gspup Bjvi ¢ reactions: A1 1.25 g B: 2.5 g
JC. 5 g D 10g Local Tenderness-any 48(740/6) 53(829/6) 52(809/6) 49 (75%
(Cri edOwheBoddnpapgiesdwerentbtaioes! pobest)inel Gnd 2669 mdrdl{ 2@ ahe UGrd( 269 AbS-RRP3

Eryt E‘emﬁ y @‘ i éﬁ‘;ﬁﬁpﬁtﬁ&f 5:@d:§1 § i G 3| arttithod

g(l é%/() 4?6‘()1’583'{'?/@%“9@( Bsta/oa rrw&teé nﬁélziéﬁj(%ﬁ %}ée(%é%}g%g% gi% 5%14{] ﬁamﬁme
I 955¢at |4 2? ahiaBip hm%r?a%%%nu%cgﬁ%!gm ObG2Hti4886us ch(u*ﬂaﬂﬁbod |v.Qﬂ-.p lﬂtﬂﬁﬁed‘?/ £O3% 49
0050 - SEBlgcabREer Loy BRe 0 Eupetie A st g ers s gessiepy Y FLISH, | ¢

47(720/.) 53 (82% 50(77% 49(756/*) Vomiting 5(8% 6(9% 9(14% 7(11%
Darr%easmmye@wgeqﬂb’o) 22(34'/0) 19(280/9) Oher Rectal Tenperature

238. 5C <061 d 4 i 3y SRRSO i ahBPdac a5 e stk
H ?on a diary the daily rectal temperature and local and systemic reactions for seven days

recor
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
20  adverse events. Occurrence of adverse events, or serious adverse events 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 tenderness,
erythema and induration for local reactions, and irritability, sleepiness and unusual crying for

25  systemic reactions:

A:125upg | B:25pug | C:S5ug D: 10 pg

Local

Tenderness — any 48 (714%) 53 (82%) 52 (80%) 49 (75%)

(Cried when injected limb was maved) 16 (25%) 19 (29%) 16 (25%) 15 (23%)

Erythema — any 31(48%) | 29(45%) | 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 Habits 20(31%) 16 (25%) | 26(40%) 27 (42%)

Sleepiness 41 (63%) | 49(75%) | 44(68%) | 39(60%)
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Use of anal gesic/antipyretic nedication 33(51% 43(660/.) 28(430/.) 33 (51%
No significant differences were observed anong the four vacci ne groups, and
all post-vaccination reactions resolved wi thout sequel ae. There were no
serious adverse events reported as related to study vaccines. 5

| munogenicity Anti-PRP seroconversion rates (% patients seroconverted) were

as B ol | oves: lum%?n 5719 5Pg 10Pg [Tsids6y 2023'@59h0/ |2 (49%) O Wléﬁ/ gg{ymw
. J —0 /LAY B I | T 70 0 0 0
32% 6&?34% 0 'E;ﬁ‘g%% Q004 ggOA 8804 5 04 hﬂg‘#) o] 58 é/n? Z Joﬁ)ﬁcl S
seroconver 41 dfibdibes were assessed hivtKB%k 1&3@?%) \5°Lﬂé?e (W
anti-pertadtivomiting anti-Agg2-3 respdnges, m@%@b) aps) REsOIws (%
patients) [BlarkSeal Ol [ OWS: 1. 25pg 2. [oRaewg| 14884 Armmﬂgr (o) patients

with 2-fold o o vbsﬁo%pat ents—witiT 4=fold IIIL,TtaSE 80%
83% 78% 899 f;l- pertacti-A-CM—{(VgHr—10 232424 —Ant "g2 311
patients wift ;’gﬂ%rease 81% 8119, 83% 8b c.fcld
L\nf_reg_sehz %}%ﬁ%qgg % Anti -AggZ-?fl( ; 2%22‘/ ) &,%E.%%) 65, 6/) c0 10
ntr-dip I cuul-u.—:toru C:Wu 1 ! o 1T g Pg
ANt i - di pht eS8 i ﬂﬁ;,,g YN T AT 5‘ SIS Ry

4.89 5.10 5.24 5.16 The proportion of subjects with anti-PRP titres

>0. 159/ m.NgRgni{ii difefdnbal wdré obsBfred Q.usngvms@dumeaccgfew@ alﬂﬂtalltphﬁ—vﬂécﬁﬁﬂ&lt ion
of subjects wth

PRP titres >1.0g/ | 15
(9756 and EP BSREES VY, SEHERE (THei Do MM Ao SURPRafsdas elied &
respect i vethdy)vacotmesi - PRP GMTs -20 show a cl ear dose-response effect, being
simlar between groups A (6.94 g/m) and B (7.82 g/m), and between groups
C (17 ¢/ My e};}c,(yl8 g/nmL), but significantly |ower in groups A and B when
conpared with both"C and D groups (Figure 1). One nonth after the third
vacci nat i 6nti-PBP kseraeanyessiersrafen (% aglents seredoaveitodirweyarsdplinevsyr oups ser oconvert ed

TR G PRl G Gl e 3 Gkl W S Al il
o VWCITTC  UMNOSCI \9 I II AVIT O LIIUII’g’ me 1T UuUl acvul Ty .
di f f er enceisT{ifn &0 HEAR 1| \ 2L 5 ol | EQ e, 5 30 Spgim o], 21 g | 20 1S gl 1 280l | o1y of
subj ects Wil a 247% 12% 30% 6% 32% 6% 34% 4%
Post 98% 50% 97% 88% 98% 97% 100% 95%

Anti-pertussis seroconversion rates were assessed by looking at (a) increases of anti-pertactin and

anti-Agp2-3 responses, and (b) GMTs. Results (% patients) were as follows:

125 ng 2.5ug Spg 10 pg
Anti-pertactin
% patients with 2-fold increase 91% 95% 38% 94%
% patients with 4-fold increase 80% 83% 78% 89%
Anti-pertactin GMT (ug/ml) 19 21 24 20
Anti-Agg2-3
% patients with 2-fold increase 81% 81% 83% 80%
% patients with 4-fold increase 70% 30% 78% T1%
Anti-Agg2-3 GMT (ug/ml) 87 77 66 76
10
Anti-diphtheria and anti-tetanus GMTs were as follows:
1.25 pg 2.5pg Spg 10 ng
Anti-diphtheria GMT (ug/ml) 1.33 1.65 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 20.15ug/mL was thus similar in the four vaccine
groups, but the proportion of subjects with anti-PRP titres >1.0pug/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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-or 4-fold increase of anti-pertactin and anti-Agg2-3 anti bodi es conpared
with baseline. GMIs anong the four vaccination groups were also simlar. 10
Concl usi ons The DITwPHi b vaccine fornul ations with fractional doses of 5, 2.5
or 1.25 g Hi b-conjugate per dose were as inmunogenic as the reference |0g
formul ation, as far as seroconversion rates were concerned. H gh and
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anti - PRP {MES +\86& VA& datiGh drabds Welt 40 sfedilr.and 18 g/nl). The fornul ations

contalnlng 1725 and 2.5 g conjugate were highly inmmnogeni c when conpared
W th %ﬁ E« }n}r}une responses observed in other studies using fractional
doses'of HH4YEEi nes (6,8,9). Further information can be found in

r ef er enceThe/BTwPHibWatdineDRrrinstRhS WiR Grabithl ddIe dfrBV erst ¢r0mshF§ HILEMjugRe Cl‘oéﬂ bed
renmal ni n
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Canpb | dicitegt lowereotrPRPEIN Bs; eywm@fleqmtslyyn@anosgzcszes [5] Guinaraes et al .

(2002) Int J Infect Dis 6:113-117. Lagos et at (1998) Lancet
351: 1472- Tiys the wariggonfimny thatttheamque 1 Yigen ean be Sedugegl as tow ag (35 Hecpendaselay et

at (2000), rpﬁﬂpﬂoi)-lrﬁt@F?orMiﬂLt:bNQorﬁanlﬂgﬁ)’ﬁgoaccmésgkltmuﬁQﬁ‘ecﬁﬁg AHe- prG@QQrg)eﬁPcﬁéy gt r
Infect Dis 138- 141 10] W02100249 1 ] Vaccl nes . PlotKin et

al.) Four?therEEﬁ"ﬂeBﬁmpq"S%f\l 0. 7216 9688- 0. [ 12] Gustaf sson et at (1996) N.
B e
components. In terms of anti-PRP seroprotection rates, the four formulations were equally
immunogenic, both in the short term (titres >0.15 pg/mL) and in the long term (titres >1 ug/mL). The
formulation containing 5 pg conjugate was as immunogenic as the reference formulation containing
10 pg, and for both formulations the anti-PRP GMTs were particularly high (17 and 18 pg/mL). The
formulations containing 1.25 and 2.5 pg conjugate were highly immunogenic when compared with
25  the immune responses observed in other studies using fractional doses of Hib vaccines [6,8,9].

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 spirit of the invention.
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A Corbi EDEORE Gt FG LTINS Hig TR AR B b By BTG T OB SEPE R aga ot
at | east djopfagdiemitiee vacdihe)is <15q1gaﬁlu&n(((5) the H& dohfGigdtsShak nde) beamcyoﬁbawnphi | us

i nfluenzae type b ("H b'), wherein: (a) the antigen for protecting against
Hbis a conjugate of a H b capsul ar saccharide; (b) the concentration of
the H.b CcAORjalgRing aipfa:rchlilesealazﬂﬂic&&athlﬁg £ddmbiyatidn vacaﬁ’d;lw(lm)l céﬂflﬂndﬂbrbvabﬁﬂé ugate
has never been I%orhi Ifj sed. 2. vi al havin ag‘?ﬂﬁh e seal. cont ai ni ng
a conbi nat JPBMTRFABUIERR, O‘i/ﬁﬁ?tﬁ%‘néﬁmeﬁtaatgf“% al Jet ! er'&&%ﬁ} ’§§§“Sé‘ﬁf“f ens for
prot ect i ngHafaempagpe B Mherdin theemtfendorphitdrerng @amtste{na nm&pnm@tetuis $iits and

s con; daieBentnty ittt Ry p AT oRhuple P gt fAS "1 T

concent r at pgiil, @fd (b)ee Hhlls piarapld gt keas inot bedhepiaraedci ne is <15 g/, and (b) the
vial's piercable seal has not been pierced. 3. A herneticall y-seal ed
contai ner containing a conbination vaccine conprising antigens for
pr ot et i NQA Aermatijabig-beated abmaiher adntdidiagi cotlibiratitievacdne doapagingsantigeas foussi s and

H. influenzae type h.(: H b') er e anti rotectln ainst Hb
s 5 conj duaruBR sty edaritsp PR Rt il R Bb R CBER: rat i on
of the Hi bwisbeip thgadtizen for ploectiregainse Hitss zd:ﬁuugﬁtabf a Hib cApsplaneessridepandpr epar i ng

a conbi natl ccine.c r| SI antigens for. cting a subject against
2t Feast MRS e aRiRl R D e H B b P TR 2™ Yoo b (- Hb )

'Gns,
wherein the antigen for protectlng against Hbis a conjugate of a H b

cap3har *RSRIRL KT Fend] o AAREFRL RELLRRA ol SRMSAL Pt B 7001
at least diphtheria, tetanus, pertussis and /. mﬂuenzae type b (Hib'"), wherein the antigen for
protecting against Hib is a conjugate of a Hib capsular saccharide, and the concentration of Hib
conjugate in the vaccine is <15 pg/ml, 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.

5. A process for inserting a combination vaccine into a container, wherein: (a) the vaccine that
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; and (c) the concentration of the Hib conjugate in the vaccine is <15 pg/ml.

6. A process for inserting a 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
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of the following steps: (a) a step of Iyophilisation of the H b conjugate
antigen; (b) a step of packaging the diphtheria, tetanus and pertussis
antigens in adm xed form separately fromthe H b conjugate antigen. 5. A
process for inserting a conmbination vaccine into a container, wherein: (a)
the vaccine that conprises antigens for protecting a subject against at

| east diphtheria, tetanus, pertussis and H. influenzae type b ("Hb'); (b)
the antigen for protecting against H b is a conjugate of a H b capsular
saccharide; and (c) the concentration of the Hib conjugate in the vaccine is
<15 g/ m . fibife nAEES of £ Bib chiRGIRF datdhGridR; AN kiabhdRiralids 6f tREHIbRbJugateGRHeal ner
and then extracting the vaccine from the container, wherein: (a) the
vacci ne colf5fiPsEs!al¥Mgens for protecting a subject against at |east

di phtheria, tetanus, pertussis and Hi nfluenzae type b ("Hb'); (b) the

antigen for protecting against -26 Hb is a conjugate of a Hi b capsul ar
sacchi‘r i de CHRBINEOR vRgyiNe CYRRISINE AREeB OOt qiae HFL%CE%#F‘B%{ lgast ﬂpﬁt%‘a?ég’cci ne
is <15 g/ Metans ('TA, feaifRisMaY b iaheietyORNTHIbS, vigrea () G Rftiged for protk@gt | Ng a

subj ect agai nst._at | east diphtheri ‘D), tetanus ('T') rtussis ('P)
and H. i nf PEERAHR s pomiugt of%i%@y%psﬁﬂé?c‘g?%@e:(%bmet%aceaﬁﬁtioasﬁth? B “SPJB%aé%'gi ng
agai nst Hi the ivsecime GONF ugail;eind{c) the Madaing &ipsdth Adt coLie Bdludiaiun HyHrokide adjuvant
concentration of the H b conjugate in the vaccipe is <15 g/m; and (c) the
vacci ne (i 5‘"‘1&)(5@9 dﬂ‘ift“%‘i?ﬁ?ﬁ‘i%a@ﬂ“‘é’i“ﬁﬂ?t?ﬁs'ﬂf?\sﬂ?%‘% Y8"adj uvant and/or (ii)
does not contain an al um ni um pot assi um sul phate adjuvant. 8. The vacci ne of
claim7, c risin n alum ni um phosphat e adjuvant. 9. The vaccine of claim
8, wh rein?gﬁ@“HF598@WfﬁﬁgP@“W¥aﬂ&“mﬁggﬁP%E@w#3¢PW@taluniniunlphosphate
adjuvant. 10. The vaccine, vial, container or process of any preceding

cl ai where the diphtheria antigen .conprise i pht heria toxojd, the
Cetands antioarssEAr bairb ffSoutihirs dhatetle WA FindrsR R gon
conpri ses adjeahd ul ar pertussis conponent. it. The vaccine, vial, container
or process of any preceding claim where the conjugate conprises a CRML97
carrier, a tetanus toxoid carrier or an outer nenbrane conplex of N

meni ngo.t i diTke vaadiiie, @ial, confazher ddpeoceB @€ anyepreceding claimpnliedd thedipmherfaraaigess of any

N T T O O TN e O T N

process of amigynh qipasd b oglubid pértussisdoeipenent. t he conbi nati on vaccine further
conprises a surface antigen fromhepatitis B virus. 14. The vaccine, vial,
cont ai ner or process of any preceding claim wherein the conbination vaccine
furthet. cofy vas@s:, aiapaintaineantfirgess.of drfy. prodeding diainl, Watre thabaijuggte aompaistsiabody
response | ppgy MAINE! 4 LOMREIR QiR Th Bidl Sl dhe L BpiRSG) NenfinafQikidr ecedi ng

12. The vaccine, vial, container or process of any preceding claim, where the conjugate comprises an

oligosaccharide fragment of the Hib polyribosylribito! phosphate.

13. The vaccine, vial, container or process of any preceding ciaim, wherein the combination vaccine
further comprises a surface antigen from hepatitis B virus.
14. The vaccine, vial, container or process of any preceding claim, wherein the combination vaccine

further comprises a polio antigen.

15. A method for raising an antibody response in a mammal, comprising administering the vaccine of

any preceding claim to the mammal.
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