IMMUNOGENIC COMPOSITION Technical Field The present invention relates to the field of
Staphylococcal immunogenic compositions and vaccines, their manufacture and the use of
such compositions in medicine. More particularly, it relates to vaccine compositions
comprising type 5 and/or 8 polysaccharides from S. aureus in which the degree of
O-acetylation is between 30-100%. Methods for the treatment or prevention of staphylococcal
infections using such vaccines are alsmmﬁMggghﬁé\gﬂgB%Tgﬁ number of both community
acquired and hospital acquired infections have'increased over recent years with the increased
use of intrava%%ﬁhpﬁlli?_ié Hospital acquired (nosocomial) infections are a major cause of
morbidity and mortality; m Jedparticularly in the US, where they affect more than 2 million
patients annu?H%%plfoll%\{vlng vgriou% studies, aﬂbout 6 percent of the US patients will acquire an
infection during THe it Stay 15 RO Pifar $h 06 5 beREN9FHFE  IRRURACBSFRARRF it
more than $4pilliReiiasl 9Ra- (FuRrkefrk GRINGS: d29% dity M%Hepg%rlé’ﬁx-rg'eéﬁg%mi

most frequent infections are urinary tract infections (UTI-33% of the infections

pneumonia (FEuSdtlarbuiiyreataite indecitionsnibdsBiknsanechprsngny Y sosisiisepiesiansdes3%)
Ernori and Gaynes, 1993, Olin. Microbiol. Rev. 6; 428). Staphylococcus aureus,
Coagulase-n&gRtive28faphinstidhpissmesipiagridations bptreemads) Batdeibode der tup,
Esherichia cqp, ﬁs%pd%r\}gna})snae{usqinﬁsa are%qtjﬁe Egé%!or nosO00rnial pathogens. Although
those pathogens AImost cAUSe the sAmeaRINISEPSY iNSGIonS, 1A% &YsAt IFABSRGr R
they can progite@de@mbined with the frequency of antibiotic resistant isolates balance this
ranking towards S. aureus and S. epiderrnidis as being the most significant nosocornial
pathogens. Staphylococcus aureus is the most common cause of nhosocomial infections with a
significant mc%%géég%nd ortality (Romero-Vivas et al 1995, Infect. Dis. 21; 1417). Itis the

cause of som teomyelitis, endocarditis, septic arthritis, pneumonia, abscesses
and toxic shoThesynatsony® bSthefRIARTINIGS d§UFPEMPhSKINF AR MHRASAMUAL % ASOAsed

important oppOLUps thogen responsible for infections of implanted medical devices
and infections at s%gélr% gﬁ%&@‘ I\ﬂ"gdfcr%rl?a gﬂc%?ir‘?e@éﬂ'%?@?re RS O TRER] RE VAR ac

pacemakers,(ReSBI ipAiRAssPEAITsion BRSS! aatidiycrydatatityandticsyradicalenters,
orthopaedic devitiss andrproaheithontyahes 2LAicAU paIs-APuskderBiginigTostions
are treated \Agmq%gtllgwlﬁse Wé%e%‘?%'f; Ew 'Sﬁiéﬂ% c\i’w gf 1ﬁrho'%ei r\{ygc(?‘r(ar\agu\(%nctﬁrri?m|n ITQ'
used for rnethicillin resistant isolates, 'he percentage of's apﬁ;ﬁococca straing exn b?fﬁ%'g”
wide-spectruf? TRE5tINEL TG Brdem st ESh &asco alimatedyio ke arAttaancB4th &itiog s
(Panlila et al 199@2(Enfett DdnGajnktosmoEEpideminicisbidi8 Bewasinga) threas feiceffaetivent
antimicrobialithgsipy- i %ﬁm%cﬁh}@%ﬁ ?Utl'ﬁ,%%%?wfee iﬁ){e}éﬁlgn% n?&%@vr{ﬁ(ﬁiﬁrgu%on'a

aureus strair?]{%agﬁoused fear that rethicillin resistant S. aureus sirains wil rge and"
spread for which 4 SHESR SR drgaloRs A1ARImENA ArinenRiaoesHppmo iertinssingarfmedies
against stapleybEayoes AA%9JeblinrMicrebivie RR0. Bnadshotherapy has been investigated.
Therapy involving administration of polyclonal antisera are under development (WO 00/15238,

WO 00/1213g, r Nt wi ) | apti ainst lipoteichoic acid (WO
98/57994). An 5?%%%%%?}%& \)&\%u @%ﬁgﬁéﬁ?ﬁcﬁ\% R accﬁ%g'ti n g%e%??g%ﬁ anf érswne

25response YAt LPApR/RLERETUS ShRr SIVaHEha RN 153 rRaLHoMasarageiHeasmBEh Bifts
have been idBaiffieasoraet hathagersibAltheotin tivwimgthogtein (0iS&34084 &)e SHHE Humber
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as being the most significant nosocomial pathogens.

Staphylococcus aureus is the most common cause of nosocomial infections with a
significant morbidity and mortality (Romero-Vivas et al 1995, Infect. Dis. 21, 1417). It is



The S. aureus genome has been sequenced and many of the coding sequences have been
identified (EP788519, W002/094868). The same is true for S. epidermidis (WO 01/34809). As
a refinement of this approach, others have Identified proteins that are recognised by
hyperimmune sera from patients who have suffered staphylocomal infection (W001198499,
WO 021059148). The first generation of vaccines targeted against S. aureus or against the
exoprotelns it SIRroduces htave met with limited success (Lee 1996 Trends Microbiol. 4; 162).
There remains a héad*t YedeitH SAREcH0L Osteemwiitisy fAdeariiisy sesticarthtistdpngumonia,
Description of FRfisrsses Figunxid sheotygyegtide sequences of proteins for inclusion in an
immunogenic 10composition. Table 1 provides information on which protein is represented by
each KO ID, F'@ugeige-nl#b}cl?otide segce ces encoding protejns for inclusion in an o
immunogenic composition. Table L praVitily fBPRRARR nOVE I cRISor GrRilTROSARL qBRPHYNisticn
8E010. 15 FigRRiPeeo iaseenrinedPaipiaationsnfimplentedtivedimhdities . aRd ek atistmatsites of
cocain/lassie staiget) SMECACde i szamries Prepasedsgiddngidie inbiibeationial aRRaiains,

Lane 1 - molec i rs,.Jane 2 - soluble fraction containing over-expressed alpha
toxin, lane 3 - f%\;?\‘/! ?ﬁ%%?@rﬁﬁh% ﬁlltjﬁlT%?rit('ﬂﬂ%‘ﬁ, Igrr?éuﬁ tofrlyacﬁgrﬁ%%ﬁf\j eﬂﬁ@'&'%itﬁaiwgrs'
buffer B, lane S iPREgEISeYirePAfRrogbstisUTarBalvase 6 - fractions eluted with 30% buffer
B, lane 7 - fractions eluted with 50% buffer B, lane 8 - fractions eluted with 75% buffer B, lane
9 and 10 figctigns, it 0 e e 11 bacteria.at T=0.before induction, lane 12
- bacteria at T=4 hgﬁéggftﬁgr‘?hjg%%t%ﬁ},agrllrzeéfég-ﬁgéﬂlﬁyé%%g ,Jlgtvr@ fﬂtlgt%ﬁbvf'r{g |onr'1?(ﬂ[£{lhgei'§-
insoluble fracti§§, 988 MeFS'Eh e s WRRFARYSTR Bt IRRs ISORe Rt EsFsistams isokates 1 Tie of
the purified alptracetagerigutephylBenifiabtitainal Siitagdetitesriting ReRUICH %0 RANBACS
shows a coomﬁag%%eoﬁélm%%rf@@él&it%'%W&giée@%fb”&tQﬁB?Ef'ﬁ%%&’b%Rt{Rlé

alpha toxin. Lane Ntl;?’ m,o|e$ lar weight markers, lane Start'- supernatant framed from
insoluble fraction ContAITMY ovar-¥pressng %H}’G?*Ié‘?feeﬁqel“ﬂefWBB@htﬂ%ﬁWh@ RAH{ipA,
column, Iahe Gheffaesitremagentevich vaastnyaiiere€lstenteS)-diuactostsaeitias avishsbuffesrOthat
lane E - fractionstrisiied radtbrdiifier K Ban h [egSivet 3 £1,
5 Sand \Op! oL e e A oE rERNSHEnhANSERRMIRR SR SRIBE ARG SHE ARRRE

An alternative approach of using antibodies against staphylococcal antigens in passive

20  immunotherapy has been investigated. Therapy involving administration of polyclonal
antisera are under development (WO 00/15238, WO 00/12132) as well as treatment with
a monoclonal antibody against lipoteichoic acid (WO 98/57994).

An alternative approach would be use of active vaccination to generate an immune
25  response against staphylococci. Several candidates for inclusion as vaccine components
have been identified. These include Fibronectin binding protein (US5840846), MHC ||
anaiogue (US5648240), fibrinogen binding protein (US6008341), GehD (US
2002/0169288), collagen binding protein (US6288214), SdrF, SdrG and SdrH (WO

00/12689), mutant SEA and SEB exotoxins (WO 00/02523) and 52kDa vitronectin binding
30  protein (WO 01/60852).

The S. aureus genome has been sequenced and many of the coding sequences have
been identified (EP786519, W002/094868). The same is true for S. epidermidis (WO
01/34809). As a refinement of this approach, others have identified proteins that are



Pool mice pre - result using pooled sera extracted from mice pre-innocuiation. Pool mice Post
[l resuit using pooled mouse sera extracted post-immunisation. Pool rabbit pre - result using
pooled sera extracted from rabbits pre-innoculation. Pool rabbit Post Il - result using pooled
rabbit sera extracted post-immunisation. Bic- negative contol. Figure 6 - ELISA results for
mouse antisera raised against staphylococcal proteins in plates coated with killed
staphylococci. Panel A uses plates coated with S. aureus serotype 5 killed whole cells.
Panel B uses TR5PRESCOAt St REFIMDUBRIreera Seaatypriienisiiudiaviheke ceufierpdriiamd ieesscal
plates coated initletion epiderragdisckileriomloeta 48)lls.  The line marked with square signs
shows the ELISA result using antisera from mice immunised three times with the indicated
staphylococcal protein. The line marked with 15 diamond signs shows the ELISA result for
pre-immune mols SR aER AR K9S daigriethrgaipsiSamicera PareANS M GXoproteins it
staphylocéccaprprotein haveplets sitbatiedietitbukidizd staphdosoneindDRinetidl. usesaiatesere
coated with S, ' ith S. aureus
serotype 8 kiIIE%Hmiﬁ%gggigﬁtg%ﬁ%ﬁﬁgﬂﬁggﬁﬁl v%?it @é%%%%ﬁ@%@%ﬁgd whole
cells. The line marked with square signs shows the ELISA result using antisera from rabbits
25 immunisedﬁ?ﬁ AR oL FilBuisS indicated staphylococcal protein (except for HarA where
only one immunisation was given). The line marked with diamond signs shows the ELISA
result for pre-ifiguene rabifibiypeptifictadpearscriptipn @Ml orpiesenbinventonifisclesRsic
immunogenic eamppSISBio TamMéICBrevaMRIISR RSN SHeRIRICRD YRR ) UKHBIEQ
which the Typg5 and/or Type 8 capsular polysaccharide or oligosaccharide is between 30%
and 100% O-acetylated. In particular embodiments, the immunogenic composition of the
invention additionally, comprises, 35 PNAG or staphylococcal protein(s). PNAG is highly
conserve amaiG o WAL SEUACEE TR A R ISR, B S A
bacteria wherSaSFypes aar%e g BEVSER BRI A0 WHIEHPIRINIR GRSt B SRR mune
responseagainst most strains of S. aureus which is the most common cause of nosocomiaf
infection. Pol§S¥Rmirdddunifiratinimehaibaidedmpodsionative tiseriditientioR ansin prisboms| AG
and type 5 aneP8BRzSiECElaintte SRHMASEaof sampith eprepdrethdofinghitle angifietivecst 3GHa
and 100% O- budtyldeel. Peolynhlezolty latihionatsesniaee CPNAGIbRNAGIiH apalisagchaside
intercellular aekpesiseanalpscuxpaard DEaipe hegetdar e NMERIFANKSGHURASAMINRCctions
optionalyosubstitsdattiithoh reivb apdos O-pHefdnYIhAeanmtiYeB HUHRiISH Yvsaschatids is
present in boudAWiR WD A SLiFeraP) eIy disapahaeuted with 50% buffer B, lane 8 — fractions
eluted with 75% buffer B, lane 9 and 10 fractions eluted with 100% buffer B, lane 11
bacteria at T=0 before induction, lane 12 — bacteria at T=4 hours after induction, lane 13 —
cell lysate, lane 14 - soluble fraction, lane 15 — insoluble fraction.
25 Panel B shows a coommassie stained SDS-PAGE of 10, 5, 2 and 1 ul of the purified alpha
toxin.

Figure 4 — Purification of SdrC underdenaturing conditions. Panel A shows a coommassie

stained SDS-PAGE of samples prepared during the purification of alpha toxin. Lane M —
30  molecular weight markers, lane Start - supernatant fromed from the insoluble fraction

containing over-expressed SdrC, lane FT1 — flow through from the Ni-NTA column, lane C

— fractions eluted with wash buffer C, lane D — fractions eluted with buffer D, lane E —

fractions eluted with buffer E.

Panel B shows a coommassie stained SDS-PAGE of 1, 2, 5 and 10pl of the purified SdrC.
35

Figure 5 — ELISA results for antisera against staphylococcal proteins in plates coated

with purified proteins.



be isolated from either source (Joyce et al 2003, Carbohydrate Research 338; 903;
fvtairaLitran at al 2002, Infect. Imun. 70; 4433). For example, PNAG may be isolated from S.
aureus strain MN8m WC 04/43407). The preparation of dPNAG is described in WO
04143405. 15 The polysaccharide previously known as poly-N-succinyl-M1 -36)-glucesamine
(PNSG) was recently shown not to have the expected structure since the identification of
Nsuccinylation was incorrect (Maira-Litran at al 2002, Infect, !mum 70; 4433). Therefore the
polysaccharid®dormeabypken ewes als BNG Saled] seoaeidnanid ddrom PiA Gresraisau0cenoohpassed
by the term P& [IPNAGuINaingeobdifietasé Srasevrayiag feaminavienidstDRde keibitges £5
and 400kDa tqdeingmiy Idaed {akDadtackiionsacrdkdis esLrRtRastEoRy teaBEi epeatiLDits
(of [3(1 -46)-inked lurmIn-8BH BRI FHABT RESUNY MRS H AR mecing.

constltuergs) Any size of PNAG polysaccharide or oligosaccharide may be use in an
immunogenic EomrQ%SItl At‘hres'u#? tlorgblﬁgr ea)r(1 Ple aS| e Oflr?s el Q‘k ozéloca roy ms "
Sizing may be athieved ¢ d khown fil the ar? sfgr instance B?/ ICroMIdiSa 1on, !
ultrasonic irradAIRFAH'S X& ﬁiﬁ%nF@%’%Wﬁ&c WO 03/53462, EP497524, EP497525). 30 Size
ranges of PNAG are for example 40-400kDa, 50-350k0a, 40-300kDa, 60-300kDa, 50-250k0a
and 60-200kDBanalfresvelRtes @l@é@@t«yﬁﬁtéd PKENG SEEVE éé@l&%a«hﬂ@ fealls.tRaRSs BoySaD 6,
30%, 20%8) 10gkies 596 Rdacithyftimeusseolael éddey wtateRRISGPanelVs opednlatkdliiogted
Gram positivevithcse epideptiaisadije® wankecsdlsand/or S. epidermidis (WO 04143405). In an
embodiment, the PNAG has a size between 40kDa and 300kDa and is deacetylated so 5that

less than 50%r10%ae 3A%AcOUrinl S0 §%9fsﬁHWQQWCElH’§A@FSSUtaG§M35ﬁﬁ¥eHQ fibn mice
gmzbid;?ﬁqu/tmlﬁnﬁ’#&%@tﬁééot.me%%&m@qﬁgfesiédos ﬁ?l&é’é@&% &éﬁﬁre%atrg%ﬁg%?ﬁé%o
0
polysacc arlde?orﬁ%ﬁlgogi%gﬁ%%dg%n é‘.}ffeﬁesﬁz%% gﬁfﬁ ﬁfd%!: %%ié 0%, 10% or 5% of the
amino groups are acetylated.  As used herein, the term PNAG encompasses both =~
acetylated anf'8¥5céty | e 125RPRL ASFaC3iRed AeRIRS FRRIMOBIGgRERWteins in
deacetylated ﬁ%ﬁ"ﬁ%fﬂqﬂ@ if{ediéaniyiaRPErbating the native polysaccharide. For example,
the native PNAG is treated with a basic solution such that the pH rises to above 10. For
instance2he FNACS Asuseateldtesitbodtdd 5Hih R2atMyd Srapddg Bilk Mhae7 8ells5NRoe! B\Vuses
NaOH , KOH plafdéidfiteld WigraSnentdagsfeeratypa st Kilkomaddienvalite Sanel CAsespldted @paedr
29 hours at a JgiMgespitda 2 Gk vhdhe8011s30-60 or 30-50 or 35-45 'C. dPNAG may be
prepared as described in WO 04/43405. In an embodiment, the polysaccharide(s) included in

the i 'mmunog@ﬁ‘n‘& RATIRGRLL A é%’%@"ﬁ% %&%L@.ﬁ} @t‘i?sﬁﬂ&rd?ﬁ%@wf?&nd%%@@ed
below or, ternatlvel ogjy%at TVBS% Aod. dys?a roaf”m rom urey Most

% mmuni ﬁ cept where
strains o aureus at cayse in ec ion In mﬂ ?ﬁnta ne f

30po|ysaccha?m)ég %W&fﬁéPQW§6@ 8% %t’l’?ﬂﬁ‘f '1' il n%lgﬁ Spgﬂﬁltgfew'!ﬁf%
are Type 5. THSYHOERIFIEBITSHPELERPType 8 capsular polysaccharide antigens are
described in Moreau et at Carbohydrate Res. 201; 285 (1990) and Fournier et at Infect.
Imrnun. 45; 87 (1984). Both have FucNAcp in their repeat unit as well as ManNAcA which can

be used to intPSRI&I SLRBIRARY: group.
30
The present invention discloses immunogenic compositions which comprise S. aureus

polysaccharides Type 5 and/or 8 in which the Type 5 and/or Type 8 capsular
polysaccharide or oligosaccharide is between 30% and 100% O-acetylated. In particular
embodiments, the immunogenic composition of the invention additionally comprises

35 PNAG or staphylococcal protein(s). PNAG is highly conserved among Gram positive
bacteria and provides protection against a broad range of bacteria whereas Type § and 8
polysaccharides are potent immunogens that elicit an immune response against most
strains of S. aureus which is the most common cause of nosocomial infection.



Recently (Jones Carbohydrate Research 340, 1097-1106 (2005)) NMR spectroscopy revised
the structures of the capsular polysaccharides to : Type 5 -4)-f3-D-ManNAck(1
--4)-a-L-FUcNACc(30Ac)-(1 3)-6-D-FucNAc-(1 - Type 8 D- anNACA(40Ac)-(1 -*3)-a-L-FucNAc(1
--4)-ct-D-FueNAc(1 Polysaccharides may be extracted from the appropriate strain of S.
aureus using methods well known to the skilled man, for instance as described in US6294177
or Infection and Immunity (1990) 58(7); 2367. For example, ATCC 12902 is a Type 5 8,
aureus strain apolystc€éhanaeb is a Type 6 S. aureus strain. Polysaccharides are of native
size or alternatively may be sized, for instance by microfluidisation, ultrasonic irradiation or by
chemical treatment. The invention alsq covers glignsaccharides deri om the t 53and 8
polysaccharider:r;.h?ro'rrnnmé’.n %%‘?@ﬁs?%?ﬂtéopfpg 5{?‘aen5}\(’)er % Sﬁ‘l%{#sﬁoié sacc Q(r}iotgpgrp? an% g
oligosaccharidBLYFRIHRESS {FRMimnfUARsGeTies ShRRSRIAb IR RS RFOKERIh 304 87dcK10Ha a.
Inan embgdin?éﬁ}"ﬂﬂ%ddegree of O-acetylation of type 5 capsular polysaccharide or
oligosaccharidsi -100%, : ), 40-100%, 50-100%. 60-100%, 70-100%,
80-100%, 90-166%:; 59650, 00-F0%0—o-90%6-0r 80-90%. In an embodiment, the degree
of 0-acetylation of type 8 capsular polysaccharide or oligosaccharide is 10-100%, 20-100%,
30-100%, 40-10%86 is@-n0vsrcberte(9ErGIBGH S D-a0bBca0PLsBYef 8GN 60890%,
70-90% or 80-80%e)| RBIRROCIMRBL o B AR LEE:RAAAGAIY IRiRB ARG Danddwpe 8
capsular |Ioolysacch_ar|des or oligosaccharides’is 10-100%, 20-100%. 30-100%, 40-100%,
50-100%.%0 eWnEIBENts I D ek SBechitR sRIeseridn bt So 9 e 60Ys- RPIdeTrdr Belgar.,
The degree of i &otHigid from efthiee spalys ddmjraréd al @0otigbsdonhdrtiicReaBdbeh A28 1908 dthiny-
any method KgyeR Bt Angodst AP AHERR o 2 BEP RS MM o BORSIISTLRTELARAPRAPSO,

Carbohydrate Resarch 296; 83-96, Jones and Lernercinier 2002, J Pharmaceutical 35and
Biomedical an&{{&l§ 8ifpin SRETINVO (3 %@7@3@1%@’%9%@9%@‘/3@%3 IS AIRGAIB M Rently
used method @434 @$escribed by Hestrin (1949) 1 Biol, Chem. 180; 249-261. 0O-acetyl groups
can be regmoved by hydrolysis, for example by treatment with a base such as anhydrous
hydrazine (Konadu at al 1994; Infect. Immun. 62; 5046-5054) or treatment with 0.1N NaOH for
1-8 hours. In oFdRPRY SASFARAITPHRERYIRHRN KBRS AN SR RYbE- 6 aniralus3sB iRk
or oligosacchawiderdteatinenswivhisthtovasled Igrddgbytdtolaisiatthme: anetydgndeasoares N-
minimised. FO&E’.&W&}JS&WE&%@&#@& ﬁiﬁ!ﬁﬂ‘?ﬁaﬂfe‘?'éh Qﬁ%ﬂ%ﬁl?ﬁﬁm. 70194485 ﬂ%&%ﬁ’e the

polysaccharides inciuded in the iImmunogenic composition of the invention are optionally
conjugated to RPYSFAEIR R efArae e 0EHBd 216N a?@dldm%rﬁétﬁﬁelﬁur?@orﬁb%ﬁe!ﬂ. iR
immunog@énic exuppsised syfhdimveRAGH alternatively contains either type 5 or type 8 poi
ysaccharide.

PNAG may be of different sizes varying from over 400kDa to between 75 and 400kDa to
between 10 and 75kDa to oligosaccharides composed of up to 30 repeat units (of p-
(1 —6)-linked glucosamine, optionally substituted with N-acetyl and O-succinyl
25  constituents). Any size of PNAG polysaccharide or oligosaccharide may be use in an
immunogenic composition of the invention, for example a size of over 40kDa can be used.
Sizing may be achieved by any method known in the art, for instance by microfiuidisation,
ultrasonic irradiation or by chemical cleavage (WO 03/53462, EP497524, EP497525).

30 Size ranges of PNAG are for example 40-400kDa, 50-350kDa, 40-300kDa, 60-300kDa,
50-250kDa and 60-200kDa.

PNAG can have different degree of acetylation due to substitution on the amino groups by
acetate. PNAG produced in vitro is almost fully substituted on amino groups (95-100%).

5



15S. aureus 336 antigen In an embodiment, the immunogenic composition of the invention
comprises the S. aureus 336 antigen described in U86294177, 20The 336 antigen comprises
13-linked hexosamine, contains no 0-acetyl groups and specifically binds to antibodies to S.
aureus Type 336 deposited under ATCC 55804. In an embodiment, the 336 antigen is a
polysaccharide which is of native size or  alternatively may be sized, for instance by
microfluidisation, ultrasonic irradiation or by 25chemical treatment The invention also covers
oligosaccharidédeteaiivety feotedbayB8edaPtigSran Géesadbaurifpiess wiaereWkcldod IN%4hao%,

immunogenic %%D&SE%WJQ%BMR”BQ@ &% QRige k@“ﬂ%ﬁl&@vé HIRE RIM rESfaéram
described below oga ernatlv é@% nconj ated @/Sg @% @3}1@{\ rom S.
epidermidis StiiRdA 6%‘?4302' aﬁ‘éf Bd h %‘tl Mof"
three 35 differWW@Wﬂﬁﬁ&Aﬁah@BlBr%spéetvv&ﬂy (A Darand éﬁ%%smdjas re8getylamdsio
Bacteria 5%; 2383t eapsinispalysencBavides e ac e QMrid grslipiRe Riadetpligermidis

constitute Type I, Il and Ill polysaccharides. Polysaccharides may be extracted by serval
methods |nclud|ng the method described in US4197290 or as described in Ichiman et al 1991,
J. Apo!, BacterdR embodmenbikedthibétiin apt @fsursinnaiedionistResvrsitbRb AR lesnifrssifon

comprises typeb,arsilim; B, 2nd/er i polysegetwyides or oligosaccharides from S. epidermidis.
Polysaccharides are of native size or alternatively may be sized, for instance by
microfluidisation, ultrasonic irradiation or chemical cleavage. The invention also covers
oligosaccharid&beextieantedkfrenty| Bee pitlsAGidig RiAG)s. re@Fhdése poRNACchpoidescaide or
unconjugated ofigusaepizaiteliv eagigasediam Boserivedd betoyy.20BNjugEotT &% of the amino
polysaccharidegolipsseanasiidhe) problems associated with the use of polysaccharides in
vaccination, is the

As used herein, the term PNAG encompasses both acetylated and deacetylated forms of
15 the saccharide.

In an embodiment, PNAG is deacetylated to form dPNAG, by chemically treating the
native polysaccharide. For example, the native PNAG is treated with a basic solution such
that the pH rises to above 10. For instance the PNAG is treated with 0.1-5M, 0.2-4M, 0.3-
20 3M, 0.5-2M, 0.75-1.5M or 1M NaOH , KOH or NH4OH. Treatment is for at least 10 or 30
minutes, or 1, 2, 3, 4, 5, 10, 15 or 20 hours at a temperature of 20-100, 25-80, 30-60 or

30-50 or 3545 °C. dPNAG may be prepared as described in WO 04/43405.

In an embodiment, the polysaccharide(s) included in the immunogenic composition of the
25 invention are conjugated to a carrier protein as described below or alternatively

unconjugated.

Type 5 and Type 8 polysaccharides from S. aureus

Most strains of S. aureus that cause infection in man contain either Type 5 or Type 8

30 polysaccharides. Approximately 60% of human strains are Type 8 and approximately 30%
are Type 5. The structures of Type § and Type 8 capsular polysaccharide antigens are
described in Moreau et al Carbohydrate Res. 201; 285 (1990) and Fournier et al Infect.
Immun. 45; 87 (1984). Both have FucNAcp in their repeat unit as well as ManNACA which
can be used to introduce a sulfhydryl group.

35



fact that polysaccharides per se are poor immunogens. Strategies, which have been designed
to overcome this lack of immunogenicity, include the linking of the polysaccharide to large
protein carriers, which provide bystander T-cell help. In an 20 embodiment, the
polysaccharides utilised in the invention are linked to a protein carrier which provide bystander
T -cell help. Examples of these carriers which may be used for coupling to polysaccharide or
oligosaccharide immunogens include the Diphtheria and Tetanus toxoids (DT, DT Crm197
and TT), KeyhBeedritlypEbhtae Cwbyhydra He3e R 8RN 006Ts ERIGN0SH SHIRIepeiirds¢HsPA)

and the purified Qi R PI TMBBLEII (PR AlgUEia D from Haemophilus
influenzae, pneurnolysin or fragments of any of t

e above. Fragments suitable for use include
fragments encompassing T-helper epitopes, In particular protein D fragment will optionally
contain the N-tggwisal 1/3 of the protein. Protein 0 is an IgD-binding protein from Haemophilus
intluenzaes(EP 0 594 610 61). 30 An alternative carrier protein to use in the immunogenic
composition ofthe iyAALANSA PGS SIAPNACSSRLRIPEIR) 9L HRYEARRL ihereof or a fusion
protein comprising at least or exactly 1, 2, 3 or 4 or more of the staphylococcal proteins or
fragments therleogl' ted in the section below, A new carrier protein that would be particularly
advantageous t5 use in the context of a staphylococcal vaccine is staphylococcal alpha
toxoid. T%} nativ:§ fo[?rynaﬁ/ be conjugated to a polysaccharide since the process of
conjugation reduces taSRIN A OBtRAGT a bamsticikNaeth s FetGh stch as the
His35Leu or His 35 Am variants 5 are used as carriers since residual toxicity is lower.
Alternatively tiRe!4iperbassRs IBahendalistattioniftael anpioenatastraivich S ersesslimsitggnasbestnt,
formaldehyde \elgintare tdethg duillddgmaetifoml Ipstietoxidie deatpivad dixid 36 2941137 allyl whetivic atly
detoxified, optimnalhjtbi! 9EABEEN] FB67. & r @sanislk| 7T CERQEIU2 9 uMBlee B)SIa@eus strain and
glutaraidehydatofutives isduspdexisibudhespalysaccharides may be linked to the carder
protein(s) by any known method (for example, by Likhite, U.S. Patent 4,372,945 by Armor et

[, U.S. Pat 0 tal. F 356, ionally, CDAP
ionjugatioi irﬁoﬂf#‘?hgj égér/r\ilg?ﬁa:)%ﬁ.ﬂsse{;gé I\;]\%%gfb? gﬁ%ﬁ' aﬁgainn A%g ]ﬁ%)%!'gﬁplﬁgaxﬁga Ent
1-cyano-dimet Qramf}él()a'flopdiﬁlﬁar%??‘%rgﬁigrtb nooréﬁ%g ?95 5 %B}?Bheﬁtl’ l!l%ééa(ljl %? ﬁ[‘;‘eg couels
synthesigpf oot 83%%%%@%%8%?@ [yn;lhg4vee. B\ PAYRRGERAFYER i X YE Berformed
under relatively mild conditions, which avoids hydrolysis of the alkaline sensitive

polysaccharid®8¢ ThRe sHniRess Siicansdieqabsapnryidatera diansecgiaidns. nstuded in the
polysaccharidimmayobenkokddiiieeion Watee ahvagineRolotRLYERAP IMay kendissebrd e

tonitril ! i | harid lution, The CDAP. ts\With.th
Py aronyl oroun 2 S Ao PN Sa A AT ARRsaR R Ie
the carrier pr giflloi%‘y%ld%%g‘?%iﬁB‘b‘?%’psf’%‘f‘8%7?1e%&@@%itﬁ%@%’/eti@ﬁté@oﬁolﬁh&‘l)férié@'to
form an l§our@a%om%liﬂa-,lgaﬁeasrtbetmmplmreabﬁaﬁ;émtl,ar@eiem of-glyojrRaida thepe
added to que%&é@%lﬁb@@ﬁé%ﬁ@ RS id 16 REGAUShisdhen :5@?@5"%,%%%%8

gel permeatio c@ mn to remove unre carrier protein and residual feagents. 30

The immunog%hi @énﬁf)o%ﬂ?c{h 6?’(?1%0%\/@9111Bﬂvbpﬁ%ﬁgﬁf{?-féﬂﬁg%éﬂiﬂ%ég '%Q%p?fy%&%’éal
protein, for exlamqne anprstigientotheS dsgrepsodr S-aepliglatonidis, Foene 35amitgutintertspedithe
invention congifdaRififcel BFbRYILLHAHERY R 38% S o8 PEEIHBIS0-100%, 40-100%, 50-100%.

30  60-100%, 70-100%, 80-100%, 90-100%, 50-90%, 60-90%, 70-90% or 80-90%.

The degree of O-acetylation of the polysaccharide or oligosaccharide can be determined
by any method known in the art, for example, by proton NMR ( Lemercinier and Jones
1996, Carbohydrate Resarch 296; 83-96, Jones and Lemercinier 2002, J Pharmaceutical
35 and Biomedical analysis 30; 1233-1247, WO 05/033148 or WO 00/56357). A further
commently used method is that described by Hestrin (1949) J. Biol. Chem. 180; 249-261.



Immunogenic compositions of the invention comprise an isolated protein which comprises an
amino acid sequence which has at least 85% identity, optionally at least 90% identity, at least
95% identity, at least 97-99% or exact identity, to that of any sequence of figure 1. 5 Where a
protein is specifically mentioned herein, it is optionally a reference to a native or recombinant ,
full-length protein or optionally a mature protein in which any signal sequence has been
removed. The protein may be isolated directly from the staphylococcal strain or produced by
recombinant BNacebtignigpe sahriva remgesdchir yavelytis ofah exgropsirbynaigatreeniowitc ar frasated

into the iImmuRQE&ERC SAPASEEIAPLIZNE RWBALL et TAIORRAre fERIMAMHCENPERIRG G446 5t

3
10 amino acids, gt legst.20 amino acids, at least 30 amino acids, at least 4Q amino acids, at
east 50 amind SRR VLD (AN RS R o0 . AR TAR Ao B oAl
sequence of tRB pRRIrENg Ackliesansoarivane rigeasechaiigm drastenents pibigiywould lead to
immunologicalydregeiive it tigogies g areratadiaamsidaemaiapbaeacsadxionoteing or
with antibodiegrgﬁ{ﬁm%?g by infection of a mammalian host with Staphylococci or contain T
cell epitopes. In an embodiment, immunogenic fragments also includes fragments that when
administered at an effective dose. (either alone or as a hapten bound to a carrier), elicit a
protective immMbeeyssEonse 3gpinsiaCinptideancoabinfaciieninaptionihicitdsrisosertiver the
against S. &a d/ i IC/is | tign,. S immunogenic .20, fr
malude, for onn e o ootOIeREHE AT e, el AT BE0GHUG e BRI AR
transmerfbraALCHBITYEX LraRreRedterminal anchor domain. In an embodiment, the
immunogenic fragment according to the invention comprises substantially all of the
extracelluar daaoha,BHRIEIBARAINS LAk BaAn %, 354, R0 nEPHRILS LI o
thatasequené:?&ﬁggéﬁ igg_m Figure 1 over the entire length of the fragment sequence. 25 In
an embodiment, immunogenic compositions of the invention may contain fusion proteins of
Staphylggoccal proteins, or fragments of staphylococcal proteins. Such fusion proteins may
be mad ecc%#gﬁ%ﬁ%ﬁ@@%%/ comprise one portion of at least 2, 3, 4,5 or 6
staphylococcal proteins, for example the combinations of staphylococcal proteins 30 listed
below. Altern&tiastyerabRamenproieiinmapagsniprisenpasitiple gothioriryetin cemnBs Ao 5.
staphylococcatusdifsatigesalenarjbedmiféaddfsient Staphylococcal proteins or fragments
thereof in the same protein. Alternatively, the invention also includes individual fusion proteins

of Stapiylocouralaseoigingear fagipenis tRee. RS@sEiRiR:) REAISIS Wt Hal&Iglogeuss and
sequences sWeBARAMPHMASES Htiboefll P¥ORFR ?Héfﬁ%%“&’éb&ﬁéd [HadrRRBRSS04.
u

1:3-galadosidase, giutathione-S-transferase, green fluorescent proteins (GFP), epitope tags

h as FLA ly histidi iral surf teins.such as infl Vi
Pacmaggloting, B ERSeapel e 3% eyl .50 i ANl TR Fhe
fusion proteirt rﬁ?ﬂ?i’)\'@ PSr@?é‘r%qnan .n{?ﬁ]_lﬁ‘ﬁ[?g&ﬁiBVcBmmﬁ'_gid@ﬁ Bt ARRNE dred g ipR o8 by

protein 67 it nYA5" &k ealmentr Jiesninvandian ls sovaerialgosasehrsises | Sty eshibuaitent3the

immunogeni@ediiposition of the invention further comprises one or more of the proteins
mentioned below or immunogenic fragments thereof. Many of the proteins fall into the
categories ofTdwetradflntgerompeneinthidiriy fret@ingrisaasiposteipbeifpeteingenireinsnard
regulators of aptistesnige cjegiymunoge gigrp NHpeSiHOBO iR iB¥E NHaBWR RS0 BAdlY Jktith&ively
comprisis a staphitpregcal extracellular component binding protein or a staphylococcal
transporter protein or a staphylococcal toxin or regulator of virulence. The immunogenic
composition of the invention optionally comprises at least or exactly 1, 2, 3, 4,5 or 6

staphylococcBypedidirmd Hirdiss dcEheriadevfidant®) legigs-madisie SEQ ID numbers of

preferred protein sequences and DNA sequences that are found in Figure 1 and Figure 2

coidormgrs, NS KFEEA R GEGES s G962 SGOLAIGR S CHEIREEARIL T e
different capsular types, |, Il and Il respectively (Ichiman and Yoshida 1981, J. Appl.
Bacteriol. 51; 229). Capsular polysaccharides extracted from each serotype of S.
epidermidis constitute Type I, Il and Il polysaccharides. Polysaccharides may be




Extracellular component binding proteins Extracellular component binding proteins are
proteins that bind to host extracellular components. The term includes, but is not limited to
adhesins. S Examples of extracellular component binding proteins include laminin receptor
(Naidu et  Med. Microbial. 1992, 36; 177), SitC/MntC/saliva binding protein (US5801234,
Wiltshire and Foster Infec. Imrnun. 2001, 69; 5198), EbhA (Williams et al Infect. Irrimun. 2002,
70; 6805), EbhB, Bastin binding protein (EbpS) (Park et al 1999, J. Biol. Chem. 10 274;

2845), EFB (FéRitdMéastpltsand Riakck@9Rcloiy- iNiCHRaiR)s 3isédted. RBUSANenDet& as

FEMS Immun gpdeghdf ifreRiab 20001881 21 Abnpigialysin (RuRpeet al 2001, J. Infect. Dis, 183;
1038), CIfA ( 1JS6008341, McDevitt et al Mol. Microbiol. 1994, 11; 237), SdrC, Sdre (McCrea

et al Microbiol OOOblﬁ.G'eﬂ:_Lg‘SB?) gc’rl\j I,}l/IocCrtﬁa Fn% alll%icg%bi%lg % 00,0146' I:L53 be |
Lipase G@Dwgﬁé ﬁﬂg g%) ? , @aesﬂ ocrllle_ &t al ICroniolo ) 883 Tﬂ@r;sgifs PEasc
(Roche etal MiCHHi I8 8Y S 80N 7RE A SRR ERa oS TR RBISH T 503, 149 ; 643),
FribA (Flock et al Moi Microbiol. 1994, 12; 599, US6054572), FnbB (WO 97114799, Booth et
al 2001 Infec. TRtYpRAThBIGEes157e cof | piveb RiEing pAtasIe @l (Vaya'bet siz200doT iBtenaghiem.
275; 39837), @ligofindisadye 7aloejosicl iagig®roof 25heoMalSue s igeO e/ 27080 FilgAcovers
(Phonimdaenglgbsaccd88dés @drack@ Whor Shiglodddipiés)raMease (Flock 2001 J. Bacterial, 183;
3999), IseA/PisA (Lonenz et al FEMS immuna Med. Microbial. 2000, 29; 145), SsaA (Lang et
al FEMS Immunede Megsidiriatiiad. 3RO &kid B Bafd1epaaiaIgneoRagman nasy ke
on Staph Dengagyk 14- 17th 2000), SSP4 (Veenstra et al 1996, J. Bacteriol. 178; 537), SSP-2
(Veenstra et al 1996, J. Bacteriol. 178; 537), 17 kDa heparin binding protein HBP (Fallgren et
al 2001, J. 25 Med. Microbiol, 50; 547), Vitronectin binding protein (Li el al 2001, Con.

Microbial. 42; @6djudbiiBR e pBIS RS RARigE. coagulase, Fig (WO 97/48727) and MAP
(U8564§%40) SitC/Mn C/ lliva binding protein 30This is an ABC transporter protein which is a

homologue of PsaA in S. pneumoniae. It is a highly immunogenic 32kQ0a lipoprotein
which i cist B T aroutes BREURR R bR oo el PRVEPRHTTEEE iAci  B0p ioe
3767). It is exi3fédBaURASacRiEIdeREr SeadTei BRI dRRLNeISIRO Shistasiese iwhish haviokBen
homologue isdesigesat itb Sote@oainis. INsS.IgpdermidifutbifeAideMpUNaY ahan lirigegriakd
operon. It sh jder h oth esins including. Fi
Streptococcucggp?g%%gﬁs?ai%%itﬁ@&é%grécﬁatﬁen%'q gﬁfgrﬁﬁ?/vbd]feA éjt ngr?épdr éj{shvev'ﬂh I|¢5'roa\7’en
or putatif® mEBPIIMerkrEpResAcEATEes miliassrin Shecuamiandse lirked oxer RERRINABIding
protein and awfiomptaviienbystaspar®rcellhelsalSsabisieing iaieitadisc ogechimaySfe, 8644334 is

also a form ot&jKimgNd GRRDRIASHESS i&lie&mmgﬁ%ﬁ%ﬁé’_ "éﬂﬁgn’iﬁed(a}mfi%“an%'m
and afEl Both]_these proteins have fibrinogen binding activity ahd trigger S. aure’s to form
clumps in the FTE%Eh d8%81SIaEMa. By BaRTaifnd LP XTSRS ddmRaloias MRty 3R ot htdy
proteins. 100H#eisieneesib aerirgld36088H4dteim A QHEPIS) darst il ¢h imiflAO PR 1By &livacsf
;ﬂase(Fba ALTTHERCISIA P SRAHTS RSP IAEIRMRIGE HIRERESeS pALERISR L FOr RagiiEMes 4P

€ any of the above. Fragments suitable for use include fragments encompassing T-helper

epitopes. In particular protein D fragment will optionally contain the N-terminal 1/3 of the
protein. Protein D is an |gD~binding protein from Haemophilus influenzae (EP 0 594 610

B1).

30
An alternative carrier protein to use in the immunogenic composition of the invention is a
single staphylococcal protein or fragment thereof or a fusion protein comprising at least or
exactly 1, 2, 3 or 4 or more of the staphylococcal proteins or fragments thereof listed in
the section below.

35



15 presence of plasma. It is described in references related to Coagulase Phonimdaeng at al
(J, Gen. Microbic. 1988, 134:75-83), Phonimdaeng et al. (Mol Microbiol 1990; 4:393- 404),
Cheuna et al. (Infect Immun 1995; 63:1914-1920) and Shopsin et al. (J. CLin. Microbiol. 2000;
38:3453-3456). In an embodiment, fragments for inclusion in the immunogenic composition of
the invention include the mature protein in which the signal 20peptide has been removed
(amino acids 27 to the C-terminus). Coagulase has three distinct domains. Amino acids
59-297 which & eesoilerdesaitotedri chatawmoind ecivkstBRiBAyOSivaniebesua fsrolrdrathe ghntext afch
region and thesGIRBRLACRRIAITI AEHRR-BS-POSIR645MIChBas RS tRaRRlay be
conformation. Each ofah se domains 25js a fraérggnt which mgy be.incar ora(tjed into the
immunogenic 88?4%’;98%3 OT?O? tR8'¥ﬁ?/%ﬁ’?f?8 ° SU¥ "‘rrﬁ§°6?8?e| iSUEEF BRI WS WT%SQ,
SdrG is found @pienalvimaenstiemit detowlisidyapbaderiarndds asdesl igiPhes ot idiedphatemriants

containings?bL%T@eaeay%ﬁearéScér@esseé\?l@m @oﬁi@é?alspﬁﬁ@.e/(ﬂéﬁha@v@gidﬁel%éﬂa &cﬁﬂﬁci:%‘
containing fibri inding sites.and ¢ n binding sites. (aming acids 51- twp CnaB
domains (amir?%%agg :1‘,3? %t%ﬁé&%lnﬂr?%ﬁ%&ﬁgs%g%oég% ?('en o ?ﬁ}?ﬁo%rﬁ i‘}wg‘?&loﬂo)
and an anchoPl&HEARMNINiMb grhetcabodelvdisy MPhA NpJaiRRiRPAgFRemisalY Sigtexifikdude
polypeptides ioptidriehythsy Sigatadere plitheacsrodeithind R agpre afsrand dhgiane huitdaraindaaie
been removequ;[m%dmltl&;gcﬂ,}onlypeptides comprising or consisting of amino acids 50-825,
amino acids 50-633, amino adds 50-597 (SEC) ID NO 2 of WO 03/76470), amino acids

273-597 18EC) ID NO 4 of WO 03/76474 amino acids 273-577 (SEQ ID NO 6 of. WO
03/76470) amir§ Reiyeaschartles Ay e iinked tr3he cafiah @RIR(D20y. 509 ewronaihest (for

219-528, amineanepts B bi#i78, 0l SER:EMNB T M52 arRdr QRiionady PateRdrGraaiypentite
having-a- seq - |§a§lt =809 9%.,.909 4., 95%,. 97%, Q8% 9 0% .. .
homologous tgﬁtﬁgggg% encea %f %Oﬁgc%qﬁg%gﬁ% @8) oqr{gtﬁ\sa f%‘c%%)@?;%tgeé |ﬁééﬂ°t%é:ﬁem'sw 'S
immunogenic%ﬂ?ﬂd’é‘i (SReoMPeo(RGRtion.  The compositions of the invention optionally
comprisd @ fragrant of the SdrO 10polypeptides described above. In an embodiment

ragments hays K0S PEYRAR1BL LA SPJeRoa IR ARSASMF-A RRATIBR s
deieted. For e amB&e_ sequences corresponding to amino acids 1- ) _
CDAP) is optionally used for the synthesis of polysaccharide-protein conjugates. The

cyanilation reaction can be performed under relatively mild conditions, which avoids
hydrolysis of the alkaline sensitive polysaccharides. This synthesis allows direct coupling
20 to a carrier protein.

The polysaccharide may be solubilized in water or a saline solution. CDAP may be
dissolved in acetonitrile and added immediately to the polysaccharide solution. The
CDAP reacts with the hydroxyl groups of the polysaccharide to form a cyanate ester.

25  After the activation step, the carrier protein is added. Amino groups of lysine react with
the activated polysaccharide to form an isourea covalent link. After the coupling reaction,
a large excess of glycine is then added to quench residual activated functional groups.
The product is then passed through a gel permeation column to remove unreacted carrier
protein and residual reagents.

30

Proteins

The immunogenic composition of the invention optionally further comprises a
staphylococcal protein, for example a protein from S. aureus or S. epidermidis. Some
35 embodiments of the invention contain proteins from both S. aureus and S. epidermidis.

10



713, 1-549, 225-549, 225-529, 24-717, 1-707, 1-690, 1-680, 1-670, 1-660, 1-650, 1-640,
151-630, 1-620, 1-610, 1-600, 34-707, 44-697, 36-689 of SEQ ID 70 or sequences having
85%, 90%, 92%, 95%, 97%, 98%, 99% or 100% identity to SEQ ID 70 or 20 or 21. In an
embodiment, fragments with the signal peptide deleted have a methion ne residue at the
N-terminus of the fragment to ensure correct translation. 20 In an embodiment, the fragment
has the following sequence:- MEENSVQDVKMINTDDELSASNDOSSDEEKNDVINNNQS
INTDONNQ | [IidnkEGENNOD@ditorS BibiR ThEB!PT bpmprise an isolated protein which comprises

!BEUEE%T&W*}@N’W’““ B O onoprEh W arRay b |
SNQDE LIICIL 5 2/9\51523/( i%wf s"kﬁj“%%%é%%’ tﬁﬂ[@d&%%lﬂ\lﬁﬁ?’fﬁ‘iﬂ%’}%

ITEGYDDS E@V'QWE)AENL .1Y DVIFIEVDriKIKSGDTMTVDIDKNITPSDLTDS FT | PKI
IONSC EIATC?TYDNECNIQ T TF TD YITOKYENIK

M'L'CLTSV'DW%M%M% NEEN T reraMels heFlf YRR -4 A5 BMEATE:
CHTVEQTIYINFLQP? éfﬁm NI SGINIGDE @30” DS T | IKVYKVGDN

PDSNRIIDYSERH ATIRBZIRIRIBYAIGAIGE P PIA '8RO BRSPIYER sequence
YTTIQVIVITAOHFIMBY RBERERTHS VBIET ARS8 SOSQBE1P PEK heislaD Y veEB STRIDS |

QNTNDN EKPp‘&iﬂ‘nfdﬂﬁ@b’oﬁ&ﬁiﬁﬁﬁ@%@ﬂﬁfdﬁ@@W@E’d%'—ﬂb@iéﬁ%'@ﬂThE grdtein may be
PEGYTPJILKIMSG ‘ﬁf QSEQ;}TNSVWVT” ING HQRDDtlTTI GFY% ONY i
villeri TNIEGISUBBER TRBERRERT QTP VAR EBNL BT SABRY

SGM'* rQTTTDsoewlssgaba?ﬁ,él@@mmmwna@wmN@ﬁ\@@&smmaeéﬁ@t least
EbhA and Ebhi® arsire ekgiias 4h alaar S @ ¥pias sestiindsethl&astdtpusansl seidepieiennatditguously

(Clarke and ~oRiR AR ipATN . 20080 B0 89 VISR L BoFl RGPS o

6805) and whic d to fibronectin. Since nectin is an important com
extracellular nﬁ‘é&i‘fﬁ"EBﬂﬂ“ﬁﬂ'ﬂ%ﬂB RaFavii pﬂiﬂﬁ?ﬂ'ﬁﬁn@ﬁﬂﬁf"ﬁ‘étﬂémﬁb Yatigrhetnserss!
host extragellyaitetnatoxwitinerfibidjeteinsase By dianiofanmaoleatidarhweti ghthastaphylococci

megadalions. §f IsaiATageP B Igse f 70 the ERNRIE TIEAIIRNIAS incudes

complete sequence due to ease o production and formulation. The cen egion o

protein contaiff@IMpYFat ﬁ@ﬁ%‘h?gwmﬁtﬁr% AR &HeAbR desem DR AP LR L. aﬁr%@?r?é‘i’"ﬁsbwnd
containing on¢oar camiez)oélititar prodedtide imansedespoiechb eileely SHephstoroe ted infeetits, yntiabtly

for mcorporatlfpnsny,gtggg\)én WRRO8NIG FATERARIP SO LHAR VG i ¥action. E@urbﬁr%eiﬁﬁﬁ%ﬁ@%

ats units of 12 o acids i |n Ie th W ic e 15characterise containin

fec h
![rr]]ﬂlepﬁgﬁsé(#l @H%n’g@y E@‘{no?% ErafTp t“zd ' yptqin é,aﬁxng an N-terminal ea er sequence,

.1.29)L.G.(10)an®<8)e)4ra$menma(ue(semnm)dm erQ@lmvi.nﬂ"mchor domain. In an embodiment,
the immunogenic fragment according to the invention comprises substantially all of the
extracellular domain of a protein which has at least 85%, 90%, 95%, 97% or 99% identity, to
that a sequence selected from Figure 1 over the entire length of the fragment sequence.

25
In an embodiment, immunogenic compositions of the invention may contain fusion
proteins of Staphylococcal proteins, or fragments of staphylococcal proteins. Such fusion
proteins may be made recombinantly and may comprise one portion of at least 2, 3, 4, 5
or 6 staphylococcal proteins, for example the combinations of staphylococcal proteins

30 listed below. Alternatively, a fusion protein may comprise muitiple portions of at least 2, 3,
4 or 5 staphylococcal proteins. These may combine different Staphylococcal proteins or
fragments thereof in the same protein. Alternatively, the invention also includes individual
fusion proteins of Staphylococcal proteins or fragments thereof, as a fusion protein with
heterologous sequences such as a provider of T-cell epitopes or purification tags, for

35 example: B-galactosidase, glutathione-S-transferase, green fluorescent proteins (GFP),

11



V.{6)A..12N/D.AM..L...I/V.D/2".TK.S.NY/F.N/DAD..K..AY/F..AV..A..I/lV.N 25 Where "' means
any amino acid and '.{1.0} means any 10 amino acids and I/V indicates alternative choices of
amino acid_ By reference to the sequence disclosed in Kuroda et al (2001) Lancet 357;
1225-1240, and Table 2, the repeat sequences within Ebh proteins are readily deduced. 30 In
an embodiment, fragments to be included in the immunogenic composition of the invention
include proteins containing of one, two, three, four, five, six, seven, eight, nine, ten or more
than 10 of the d@ibpatangs addhraperiiAG)itSyStw)) pagristdneay ebalsssirfacd , 2ot8ing, sudh, a5 8,
9, 10 or more feRgats, inr‘iﬁéeri’a%ﬁm%é@l&%ﬁc'& "CREJIJCHRLN LBy sonsish ey l]cxai’d,Bdf]bh@neQigz

368, 9, 10 or more repeats with additional amino acid residues present at either or both ends
of the fragmeﬁ??‘%tfgﬁ%ﬂ??thyﬁafﬂﬁmr@%ﬁéﬁi PRRSERTHE BedBHPARAYG SAEARRS BArek
repeats (amindhaciis8iz0 235968 ptdesoribedyibe iakeas padthiidioien taradshonmaritey 70,
6680- 6687, 2002. Such fragments will optionally be able to bind fibronectin and/or to elicit
antibodiessthapasgeféictive against the whole Ebh protein. The Ebh proteins are capable of
binding to fibronectin. In an embodiment, fragments of these polypeptides sequences retain
the ability to bi daboefrin rgé?r%%tif]'t eir}%ing to fibronoectin fan has%gggt?odnb%gr%lélr&% asrpgss%rr;bed
by Clarke at al (infection and' mmunlrt?/ 989%%%8@88? 20 ). fh'An embo |men<t:, the ?ragmgnt
is one which cohffRiess Biearetpiey Mandmed deitype’ WMerasspie tRevetabpentsirptieldse
described in Tohlens ANtk THeBakegbitensa:aegerntesopdieitibienghp rRrGHE Neengbititer
The full-lepgt n ; IS di [ r at t X - .
T Ll B I, 3 R R lOne chlpdiioy one,

The following table shows the amino 2sidues at w S b
and end withid AN RAYgRRIHERCEOMPriseD & stapyencesk Ridipcellular component binding

protein or a staphylococcal transporter protein or a staphylococcal toxin or regulator of
virulence. The immunogenic composition of the invention optionally comprises at least or

exactly 1, 2, 3, 4, 5 or 6 staphylococcal proteins.

15
Table 1
The following table sets out the SEQ ID numbers of preferred protein sequences and DNA
sequences that are found in Figure 1 and Figure 2 respectively. SA indicates a sequence
from S. aureus and SE indicates a sequence from S. epidermidis.
20
Name Protein sequence DNA sequence
Immunodominant ABC transporter
SA SEQID 1 SEQ ID 34
SE SEQID 2 SEQ ID 35
Laminin receptor
SA SEQID 3 SEQ ID 36
SE SEQID 4 SEQ ID 37
Secretory Antigen A SsaA
SA1 SEQID5 SEQ ID 38
SA2 SEQID 6 SEQ ID 39
SE SEQID7 SEQ ID 40
SitC
SA SEQID 8 SEQ ID 41
SE SEQID9 SEQ ID 42
IsaA / PisA (IssA)
SA SEQID 10 SEQ ID 43
SE SEQID 11 SEQ ID 44

12



3245 3254 66 74 DIKQTTQSL. 3269 3277 100 112 ADTNKKNDYNNAY 3303 3315 117
.123 1 DIINGNA 3320 3326 - The "Begin" and 'End" columns present the position of the
predicted B-cell epitopes in the 127 amino acid repeat 5- The "Starr and "Stop” columns
present the position of the predicted B-cell epitopes in the Ebb full length sequence Table 4
T-heloer cell epitope prediction in Ebh

EbhA /B

SA EbhA SEQID 12 SEQ ID 45
SA EbhB SEQID 13 SEQ ID 46
SE EbhA SEQID 14 SEQ ID 47
SE EbhB SEQID 15 SEQ D 48
Accumulation-assoc pro Aap

SA SEQID 16 SEQ ID 49
SE SEQID 17 SEQ ID 50
RNA Il activating protein RAP

SA SEQID 18 SEQ ID 51
SE SEQID 19 SEQ ID 52
FIG/SdrG

SA SEQ D 20 SEQ ID 53
SE SEQID 21 SEQID 54
Elastin binding protein EbpS

SA SEQID 22 SEQ ID 55
SE SEQ ID 23 SEQ ID 56
Extracellular protein EFB SA SEQ ID 24 SEQ ID 57
alpha toxin SA SEQ ID 25 SEQ ID 58
SBI SA SEQ D 26 SEQ ID 59
IsdA SA SEQ ID 27 SEQ ID 60
IsdB SA SEQ ID 28 SEQ ID 61
SdrC SA SEQ ID 29 SEQ ID 62
CIfA SA SEQID 30 SEQID 63
FnbA SA SEQ ID 31 SEQ ID 64
CIfB SA SEQ ID 32 SEQ ID 65
Coagulase SA SEQ ID 33 SEQID 66
FnbB SA SEQ ID 67 SEQID 77
MAP SA SEQID 68 SEQID 78
HarA SA SEQ ID 69 SEQID 79
Autolysin glucosaminidase SA SEQ ID 70 SEQ ID 80
Autolysin amidase SA SEQ ID 71 SEQ ID 81
Ebh fragment SA SEQID 72 SEQ D 82
Autolysin Ant SA SEQID73 SEQ ID 83
SdrC SA SEQID 74 SEQ ID 84
MRPII SA SEQID 75 SEQ ID 85
SdrG SA SEQID 76 SEQ D 86
SdrE SA SEQ ID 87 SEQ ID 88
SdrD SA SEQ ID 89 SEQ D 90
SasF SA SEQ ID 91 SEQID 92
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10The full-length sequence is disclosed in TTEMBL database, sequence reference Q8NVVQ6.
One of these repeats, encoded by amino acids 3204-3331 of the full-length sequence was
chosen to cany out an epitope prediction:-
NIDVNTVNQKAASVKSTKDALDGQQNLQRAKTEATNAITHASDLNQAQKNALMOVN
15SAQNVHAVNDIKQTTQSLNTAMTGLKRGVANHNQVVQSDNYVNADTNKKNDYNNAY
NHANDIINGNAQHPVI VNADTNKKN3302 YNNAYNHAN3311 YNHANDIIN3315
IINGNAOHPBExnra‘d@INﬁ@I-d;Bmpa&é’m'Bmdmg;ipmtmat" column presents the position of
the predicted T-cell epitopes in the repeat The Position sequence” column presents the
position of the_predicted T-cell ep| 0 es in the Ebh full Ien th sequence Fragments of the
broteins of theE TIPSR Ep ISl BBYER 5P BBt A ThESo ey Ry R aasel i
polypeptide bﬁ%ﬁﬁﬁ@@t%ymﬁé%’@' E”ttﬁé% liFigmia€eRiRsbe employed as
interrnedidtes for producing the full-length proteins of the invention. In an embodiment,
variants are uEsemnlesritaxegelalarsca®pansntib@ding roeteinsidslade msintuesdpideldtaidy et
added in any ebrhbhtetioMidedaistin 19181ir86q 1T0teBitCRmS)sBlvp Soisdinpreteaic (luassiMp 3B 6
amino acids witltshiracled Festavaigd. 0ihBiRikO200t [S5essoatateB v ttwWinarmy topda smict Mambiane
of S. aureus gdh)aBilvEs b obiaregang Wieh ekh g mirtaingdntvd nembrattem.
(Downerygt al 70234k Bi¢! GHEMwWaS e drd FiRbk 68, 1399,% %Ef@b.&@i‘ha&?} dB9Rind WO

fygc')%r;;mwe&%mge m@la ﬂl&?o%? A5 208 i %tsgca POSESTS % Bigel e
14-34 at therg a0 @aﬁk%? B ol (0L %b%gﬁmgit Crhe
fragment to b Fléglkﬁ%f%(ﬂrﬁb GE9Rt ¥| 88|c168m SOk 89FR?er‘°rfl M‘TW@'Q@%ce

exposed fragefé% J8Riaiffvy tHdParssHsnGIRE IeYRIARERRINSadIdEachet @ pliliiahiviasy
fragments do #¥Bcdfbaif 4Bl Satire(Bagissebaodfiorrhianey fPednt4fh: BE3dISssK Reghryategion
(amino adds Mic@gWjology aRepRatil49 fra@fdenEntiictFlooklcebaludda ddiesibisl of QAN Zcidls,
forming the s&SH084TER denBRpE¥e BI04y ¢a(ridootBGhcit 2004 36 ) Inftienn 8%y S4m.gootmien
containing uptiadlrig 2r&tehOCR4) (Ban811BP2800}S 6561, Chem. 275; 39837), CIfB (WO 99/27109),
SdrD (WO 99/27109), SdrE (WO 99/27109), FbpA (Phonimdaeng et al 1988 J. Gen
20  Microbiol.134; 75), Npase (Flock 2001 J. Bacteriol. 183; 3999), IsaA/PisA (Lonenz et al
FEMS Immuno. Med. Microbiol. 2000, 29; 145), SsaA (Lang et al FEMS Immunol. Med.
Microbiol. 2000, 29; 213), EPB (Hussain and Hermann symposium on Staph Denmark 14-
17" 2000), SSP-1 (Veenstra et al 1996, J. Bacteriol. 178; 537), SSP-2 (Veenstra et al
1996, J. Bacteriol. 178; 537), 17 kDa heparin binding protein HBP (Falligren et al 2001, J.
25  Med. Microbiol. 50; 547), Vitronectin binding protein (Li et al 2001, Curr. Microbiol. 42;
361), fibrinogen binding protein, coagulase, Fig (WO 97/48727) and MAP (US5648240)

SitC/MntC/saliva binding protein

30 This is an ABC transporter protein which is a homologue of adhesin PsaA in S.
pneumoniae. It is a highly immunogenic 32kDa lipoprotein which is distributed through the
bacterial cell wall (Cockayne et al Infect. Immun. 1998 66; 3767). It is expressed in S.
aureus and S. epidermidis as a 32kDa lipoprotein and a 40kDa homologue is present in
S. hominis. In S. epidermidis, it is a component of an iron-regulated operon. It shows

35 considerable homology to both adhesins including FimA of Streptococcus parasanguis,
and with lipoproteins of a family of ABC transporters with proven or putative metal iron
transport functions. Therefore SitC is included as an extracellular biding protein and as a
metal ion transporter.
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at one or both ends are also possible. Laminin receptors The larninin receptor of S. abffefiS
plays an important role in pathogenicity. A characteristic feature of infection is bloodstream
invasion which aiiows widespread metastatic abscess formation. Bloodstream invasion
requires the ability to extravasate across the vascular basement membrane. This is achieved
through binding to larninin through the iaminin receptor (Lopes et al Science 1085, 229; 275).
Larninin receptors are surface exposed and are present in many strains of staphylococci
including S. aumqusAN sihdR] JRb1RiAISiseBlckOin Digs g052eansl H8E diaainegrRteinincaddiion
to protein A aﬁkﬁ’ci&&é@ﬁﬂﬁﬁﬁﬁ%@g@ﬁ’%&%’é@ﬁi&f SSNHLEhRNg et al 1998, Microbiology
144: 985). The N-terminus of the Sequence of Shi has a typical signal sequence with a
cleavage site 15 after amino acid 29. Therefore a fragment of Sbi which could be used in an
immunogenic egRAgiHR of the invention starts at amino acid residue 30, 31, 32 or 33 and
continues to the C-terminus of Shi, for example of SEC ID NO: 26. The IgG binding domain
of Sbi has’been identified as a region towards the N-terminus of 20the protein from amino
acids 41-92. T#R dbeRARFCiRe M8 SBlIRCRP NG S Biribilyg AR oF BHEeshiAform fxgps
minimal 1gG bihdhfgrieseesa of Blestrntanes wrRIFINIVEKTC motif common to wall associated
sequence:-250FFONNITTDOOKAFYWLHLIMITEEORNUIKTLRSHPERAQEVFSESLK ** ***
*rek x A* * - denotes amino acids which are similar between IgG binding domains 30 In an

embodiment, gifraigrisictinédhilsdredasivsiRricmeiedssenbeBens sgrmosition of the
invention contains an IgG binding domain. This fragment contains the consensus sequence

for an IgG bin%@@designated by as shown in the above sequence. Optionally the

fragment contains or consists of the complete sequence shown above. 35 Optionally, the

fragment contains Qr SaRFHWIAT BRI 35rislsid Uten Ina8ers3 S Hurdns % AP ARt 4P the
30-160, 38-158e SO0, SlasHa0 1t 33dbElibed-Ha@te?endllreRRed A0 3R OF BRoAKEERPE: for
example of SEQJDAYA) KitrobioA fe3gMESAI5ag) contmimdachgSetdal (ol Midrddicl O 890jn3asid
substitutions W) theedDgetjuandotettdioamted 1985y £§rehis! 628y auht@hopsinltgblelrepbalsi2,

3,4, 5, 6, 7,8 Mrbidh) 3PA% RASHA Holha@n, embodiment, fragments for inclusion in the
immunogenic composition of the invention include the mature protein in which the signal

20  peptide has been removed (amino acids 27 to the C-terminus).

Coagulase has three distinct domains. Amino acids 59-297 which is a coiled coil region,
amino acids 326-505 which is a proline and glycine rich region and the C-terminal domain
from amino acid 506 to 645 which has a beta sheet conformation. Each of these domains

25 is a fragment which may be incorporated into the immunogenic composition of the
invention.

SdrG

30 This protein is described in WO 00/12689. SdrG is found in coagulase negative
staphylococci and is a cell wall associated protein containing a LPXTG sequence.

8drG contains a signal peptide (amino acids 1-51), a region containing fibrinogen binding
sites and collagen binding sites (amino acids 51-825), two CnaB domains (amino acids

35 627-698 and 738-809), a SD repeat region (amino acids 825-1000) and an anchor domain
(amino acids 1009-1056).

In an embodiment fragments of SdrG include polypeptides in which the signal peptide
and/or the SD repeats and the anchor domain have been removed. These include
40  polypeptides comprising or consisting of amino acids 50-825, amino acids 50-633, amino
acids 50-597 (SEQ ID NO 2 of WO 03/76470), amino acids 273-597 (SEQ ID NO 4 of WO

15



5 EFB - FIB Fib is a 19kDa fibrinogen binding protein which is secreted into the extracellular
medium by S, aureus. It is produced by all S aureus isolates tested (Wastfeit and Flock 1995,
J. Clin. Microbial. 33; 2347). 10 S. aureus clumps in the presence of fibrinogen and binds to
fibrinogen coated surfaces. This ability facilitates staphylococcal colonisation of catheters and
endothelial cells. Fib contains a signal sequence at the NI-terminus of the protein with a
putative cleavage 15 site at about amino acid 30. In an embodiment, the immunogenic

composition opigsiRYeTIRNC ABY 1SS SI7CEIP® 0idhE SeAUS P76 HOP ARMEISRIOREL
(from about a@&ﬂf?oagc‘i’d?‘% 8&6 %nﬂﬁ‘{ Bids 955*3%”8&%@ a6i0€ 21818481 GRS 5 508
fibrinogen blndtr]?eg{ﬁ«yé 8 ISJ0 n many isolates of S. epidertnidis and has a deduced
molecular weig sson et al 1998, Infect. Immun. 66; 2666). Its sequence is
related to that of dumping factor from S. aureus (C1fA). Antibodies alnst Fbe can block the
binding of’S. éﬁ‘i’&%’l’ﬂ%|§W§?fﬁ|ﬂ@b@?§'ﬁ%ﬁé&"ﬁﬂﬁé§%‘?ﬂ%%é?ﬁé‘t@ VoS W Broek 0o,
J. Infect, Dis, $8%; §8%°. or@rs@%tmfve'@@ghamé'@é%@vmmé%Eéa\lad%%t?é’b%@v%@ﬂ is
amino acids 5ihcarrbsediihterthie imraupogeniiaidragsiin eftcbieveotieains the mature form d Fbe

extending from amino acid 52 to the C-terminus (amino acid 1,092). 30 The domain of Fhe
from amino aciies Zeopenitinaidel 828 ignvestiwshsitiefelyibianagien HndirgnentanfetiBodifent,

the fragment @blypepeaasisiscabal aavains amino acids 52- 825. 35 The region between
amino acid 373 and 516 of Fbe shows the most conservation between Fbe and Cif& In an

embodiment, the fragment contains amino adds 373-516 of Fbe. Amino acids 825 - 1041 of

Fbe contains i@gRRIeGBafEaetrote barepbestot ReriemA¢Eah&a P 48peatieomid and/or
seine residueshd sanrding Rafsits db%w@aw@i@mplalsedmﬁm asneiphriaag) heemBshaatiagol be

a immunodomjgant saphylgeagcal praiein fuing sepsip spll dafienisgbores et lo

2000, FBAS Immune, M Q} st 29 'amino acids of the' IsaA sequence
are thoudPt to'H3% JigR %@dﬂef‘n@@olrﬁéﬁ misbaRfetft OB ot R 6 RE899BEEH ERIRS in
an immunogea®/ o0 oateig rd 5 f19F %) \B8ati @I Lot &dass ddr ity aciBE@ SRl e o3 ondAards, to
the end of the coded sequence. Fibronectin binding protein 15

In an embodiment, fragments with the signal peptide deleted have a methionine residue at
the N-terminus of the fragment to ensure correct translation.

20
In an embodiment, the fragment has the following sequence:-

MEENSVQDVKDSNTDDELSDSNDQSSDEEKNDVINNNQS INTDDNNQIIKKEETNNYDGIEKRSEDRTESTTN
VDENEATFLQKTPQDNTHLTEEEVKESSSVESSNSSIDTAQQPSHTTINREESVQTSDNVEDSHVSDFANSKI
25  KESNTESGKEENTIEQPNKVKEDSTTSQPSGYTNIDEKISNQDE
LILNLPINEYENKARPLSTTSAQPSIKRVTVNQLAAEQGSNVNHLIKVTDQSITEGYDDSEGVIKAHDAENLIY
DVTFEVDDKVKSGDTMTVDIDKNTVPSDLTDSFTIPKIKDNSGEI IATGTYDNKNKQITYTFTDYVDKYENIK
AHLKLTSYIDKSKVPNNNTKLDVEYKTALSSVNKTITVEYQRPNENRTANLQSMFTNIDTKNHTVEQTIYINP
LRYSAKETNVNISGNGDEGST
30 IIDDSTIIKVYKVGDNQNLPDSNRIYDYSEYEDVTNDDYAQLGNNNDVNINFGNIDSPYITKVISKYDPNKDD
YTTIQQTVTMQTTINEYTGEFRTASYDNTIAFSTSSGQGQGDLPPEKTYKIGDYVWEDVDKDGIQNTNDNEKP
LSNVLVTLTYPDGTSKSVRTDEDGKYQFDGLKNGLTYKITFETPEGY TPTLKHSGTNPALDSEGNSVWVTING
QDDMTIDSGFYQTPKYSLGNY
VWYDTNKDGIQGDDEKGISGVKVTLKDENGNI ISTTTTDENGKYQFDNLNSGNY IVHFDKPSGMTQTTTDSGD
35 DDEQDADGEEVHVTITDHDDFSIDNGYYDDE

EbhA and EbhB
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Fibronectin binding protein A contains several domains that are involved in binding to
fibronectin (WO 94/18327), These are called D1, D2, 03 and D4. In an embodiment fragments
of fibronectin binding protein A or B comprise or consist of D1, D2, 03, D4, D1- D2, D2-D3,
D3-04, D1-D3, D2-D4 or D1-D4, 20 Fibronectin binding protein contains a 36 amino acid
signal sequence. For example: ITKNITURYGIRIKERLakhSVFLGTNITVGPMDREZIA
250ptionally, the mature protein omitting this signal sequence is included in the immunogenic
composition oEta iave Bt afer proggios ibaietexpseddee celotall aliGranmpSsitpedratierialatts

as a barrier preyeeHag IRELUSIAP RH30BRBCIRING &8 hRsle T ASBoLRrBainp

orchestrates the passage of essential nutrients into the bacterium and are therefore essentie

for the viabili Gith8 LA ERGRE it St IBFaPRFB iR FERAFPELCRPe IR S HReRarimati:
initial step of bhbdAgnd Bbbthbeliteansinghordenironciisnwe | adisetimgseapiwideectincabbtstbytracellular
transporting thadpgtabolite into the bacterium, 35 Molecular iron is an essential co-factor for
bacterial growth. Sidemphores are secreted that bind free iron and then are captured by
bacterial surface receptors that deliver iron for transport across the cytoplasmic membrane.
Iron acquisitiohhie Ephipeat¢instiare ssabirtitg @rmoetienaniohiedilchoegadhiantdt ifcpdvartiegeots

an immlune ;G&DQ&S% 38@tAsktosh itﬁ@:asﬁ gfomﬁteétéﬁﬂeam tRaclpaacad sapaytecacsabviability.
Examples of tra rter teln nclude Immuynodorn ntA Ctrans orter (Bu nlee al 2000
Infect. IME117 %%Pc@ ﬁfc{ %Aazma%?gﬂt@ ae%oﬁ?\lﬁg ?)c%@ 3'mcféP a me&snla% gt
at 2002 ﬁNAS’%a'Qi@SJ"Q%CbW(R‘Iﬁgflﬁymmtfzqoﬁ*ahﬁlso@[@r%ﬂ@rﬂlﬂlt@ﬁlr’@%ﬁ& faseains

2001 Infect, Iraestiibedd boldR8 hranddieARagieas paitalel Mon unsasuritantidds Gh airspaibgenic
Immunodomlq:% Bﬁ@%‘)ﬂvﬁﬁa well conserved protein which may be capable of 15
generating an immune response that is cross-protective against different staphylococcal
strains (Mei et al 1997, Mel. Microbiol, 26; 399). Antibodies against this protein have been
found in patieBts witbteSep ttoatmianjBufete repedt? Qs Iofect 2iaming G8Id32i00)kerQiptiaheh are

fragmentg; of '%H%@Qﬂ&ﬁ“%@%ﬁ&w gw&gﬁg‘gﬁg& inclyde the peptides DRHFLN, 20 GNYD,
RRYPF, IMLLK, GVTTSLS, VDWLR, RGFL, KIKVYVGNYDFWYCS, TVIVVSHDRHFLYNNV

and/or TETFLRGFLGRMLFS since these sequences contain epitopes that are recognised by
the human imingnélsyetetn3 isdA26d125 The isd Faites (iron-regulated surface determinant) of
S. aureus encggde proteins responsible for haemoglobin binding and passage of haem iron to

the cytoplasm ﬂ re.it tial nutrient 1 ? isdB are located in the cell wall
of staphélpococéxv [@ rt?)%lgefpégd o'ﬁl tF:ie 4J§f %e?g E)acterlum since it is
susceptibte toPT

..... I/V..A...I/V. .AK.ALN/DG. .NL..AK..A.{6}L..LN.AQK..L..QI/V..A. V..

v.{6}A..LN/D.AM..L...I/V.D/E...TK.S.NY/F.N/DAD. .K. .AY/F. .AV. .A..I/V.N

25 Where ‘.’ means any amino acid and ‘'.{10}’ means any 10 amino acids

and I/V indicates alternative choices of amino acid.

By reference to the sequence disclosed in Kuroda et al (2001) Lancet 357; 1225-1240, and
Table 2, the repeat sequences within Ebh proteins are readily deduced.
30
In an embodiment, fragments to be included in the immunogenic composition of the invention
include proteins containing of one, two, three, four, five, six, seven, eight, nine, ten or more
than 10 of the 127 amino acid repeat units. Such fragments may consist of 1, 2, 3,4, 5, 6, 7, 8,
8, 10 or more repeats of the 127 amino acid repeat region or may consist of 1, 2, 3, 4, 5, 6, 7,
35 8, 9, 10 or more repeats with additional amino acid residues present at either or both ends of
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30proteinase K digestion, IsdB was patrtially digested suggesting that it is partially exposed on
the surface of the bacterium (Mazinanian et al 2003 Science 299; 906), IsdA and IsdB are
both 29k0a proteins which bind hem. Their expression is regulated by the availability of iron
via the Fur repressor. Their expression will be high during infection in a host where the
concentration of iron will be low. They are also known as FrpA and FroB (Morrissey et al
2002, Infect. Immun, 70; 2399). FrpA and FrioB are major surface proteins with a high charge.
They have bethe $tagmento Qutianielly dhen &pgmeanh s oti di tpohpibetsierot@lplattékDa $paaimg three

embodiment, FQ&HEWR&S&H% S9MpRAsEICR 9&4&%8‘{%15%%?%Mfé&%@iﬁé@ﬂ?ﬁu%@fﬁ%%@d
and/or isdB Whé%? r%ﬁie%c ‘f d in WO09 gr WO _.03/11699. Toxins a u aﬁors of virulence
a f

Members of tH ffﬁgq}?gfﬁd’e'"toﬁﬁ“g'ﬂﬂw X8 aﬁB‘ﬁa {8)6’,1{‘%5% §SIn, A8l
and TSST-1 @mﬂl%tbﬁmeemsamlae ragRithethwhpiroBRittitatelnf toxins such 15 as RAP. Aloha
toxin (HalsAlpha toxin Is an important virulence determinant produced by most strains of S.

auretis. It 20 '?h n%t%e m|n t?é(ag’lawth r? :?cﬁg{ftﬁfﬁntlbo %okm rﬁt%ti)%ese

€
have been show ?rlm ec?s of alp anim

models (Ad|aﬁpbfpaqt@9$$qmeefemﬁ¢tﬁmthf@bmop Hoghierfiplenesdins, B@?ﬁﬂ@ﬁﬁ@f@r@a@mﬁw be
mononuclear gglis e IBUECEMikle dedhpafiBeisiakalphal toximcEo Bedhigmiokicity, dealpbes7
toxin requires%&% it should be detoxified before being used as an immunogen. This can be
achieved by c ical treatment, for instance by treating with formaldehyde, glutaraldehyde of
other crdSs- -linking reagents or by chemically conjugating it to bacterial polysaccharides as
described belbwarBembodithentway dbgemaavisigrioxitith isdapriesduEeqeiot Mbtlionsitbpé, for

remove toxmlg;(gmﬂ@tﬁ;@%%@Bg@églﬁggc%ég%t?ég[és'g%ﬂroductlon of a point

mutation at amino acid 35 of alpha toxin where a histidine residue is replaced with a leucine
residue results in the removal of toxicity whilst retaining |mmunogen|C|ty (Menzies and
Kernodle 1996aBeotRé dede3 .- th sl By Bos Bg critical for the proper
oligomeggzation required for pore formation and mutation of this residue Ieads to loss of
toxicity. Wher’rﬁ%%ﬁﬂ@ﬁaﬁ%éa% %%‘HGI?'G&?&QQ&’W'%E Q?é[‘ aﬁb%'i‘%éf*xﬁf}é%
optionally detoxjfieq ‘iy E‘a&e é%o s sf%nalé]% AR }9’497'-?#{.95 20y In
an alternative embto Imen It Xin

COﬂ uga ion tO Ot er components O? the

immunogenic c%mpos 0 ahr%rrex‘év}np lflaq acc arldes or PNAG, optionally to S.

aureus type 5 po S Type 8 polysaccharide and/or PNAG. 10 RNA

Il activating protéin (FBEE End
1 3204 3330
2 3331 3457
3 3457 3583
4 3583 3709
5 3709 3835
6 3835 3961
7 3961 4087
8 4200 4326
9 4326 4452
10 4452 4578
11 4578 4704
12 4704 4830
13 4830 4956
14 4956 5082
15 5082 5208
16 5208 5334
17 5334 5460
18 5460 5586
19 5585 5711
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RAP is not itself a toxin, but is a regulator of the expression of virulence factors. RAP is
produced and secreted by staphylococci. It activates the agr regulatory system of other
15staphylococci and activates the expression and subsequent release of virulence factors
such as hemolysin, enterotoxin B and TSST-1. Other immunodeminant proteins Accumui
ion-associated protein (An) 20 Aap is a 140kDa protein which is essential for the accumulation
of S. apidermidis strains on surfaces (Hussain et al Infect, Immun. 1997, 65: 519). Strains

expressing th
involved in hiok
inhibit the 25
strongly imm
2000 FEMS
suggested a
contains an IN48r
peptide is fol
to residue 13
composition
C-terminus

hydrophilic ayes (¢
Staphylococ
staphylococq
adjoining tisg
S. aureus Vit
compllcatlon\s3 g
Different mo
infection cyd
antigens inv
staphylococ
combination

10

iggooteingypduce

i sigrgfigantly |

fornggg?n An

|bod%§ga|n

Ao5

u Iaggébor S,

epld 65‘,4)0'5 S

Fhibn

clliC el O
nggﬁmﬁ’_gégg e

30k undii

faYal I C‘I’\DI‘

UIJIO.I LU LJ.O

ific fné;i-\ nafh

VALB® L

ﬂnnnlsl%Hpr S

I CCTOTC—OoP

mototnTcppatHt

=q||m$(4§7and

|R6e

Q27A

n optidFe frag

by §48ydropt

rilic régkéh of g

ment 8if18saA |

pbgh

P inveTtion is 1

hadegfasf the

r i

no agids 30 td

the ggtarming

f Ssg@ffom a

f%|1|r

TectioRg-progr

rger amounts of biofilrr and Aap appear to be

5t Aap are able to inhibit blofilm formation and

aphylococcal Secretory antigen SsaA SsaA is a

n both S. aureus and S. epidermidis (Lang at al
. Its expression 30during endocarditis

genesis of the infectious disease. SsaA

signal peptidase cleavage site. The leader

pproximately 100 amino adds from residue 30
0 be incorporated into the immunogenic

mature protein (amino acids 27 to the
S). A further optional fragments contains the

mino agjel 30 to 10amino acid 130. Combinations
=SS throigh several different stages. For example, the

"%é'

fe cycl

[voive

S Cor%qsnbou

O

4l (|
I Ul UUb[I

cdalll, CIId.UIUU

Inr\o

tHen

de
L UTLICTTT III IGI T

Ai ||rl|an4Z|5rlnr~n

QAN
o QAU Lrre T

rdifis,/8f8tastal;

el

hg nn7ﬁﬂ=1 surfa

ot Horgd'oe

ce of it¥& bact

e3tBYy targbtiig the

immuBA8é3respg

DI$2d

in diffggent procesge3®f Sta

caAg U

nctiopgage affe

cted gquh this

5 6 (

lertaig@gtigens frorgAdgferen

40

8230

8356

41

8356

8482

42

8482

8608

43

8604

8730

44

8858

8984

olonisation, initiation of infection by accessing

¢ multiplication in the blood, interplay between

defence mechanisms and induction of
¢ abscess formation and sepsis syndrome.

erium will be involved in different steps of the

nse against a 20 combination of particular

iphylococcal infection, multiple aspects of
zan result in good vaccine efficacy. In particular,

classes, some of which are

Table 3 B-cell epitope prediction for a 127 amino acid repeat :

The full-length sequence is disclosed in Kuroda et al (2001) Lancet 357; 1225-1240. One
of these repeats, encoded by amino acids 3204-3331of the full-length sequence was
chosen to carry out an epitope prediction:-

MDVNTVNQKAASVKSTKDALDGQQNLQRAKTEATNAITHASDLNQAQKNALTQQVN
SAQNVHAVNDIKQTTQSLNTAMTGLKRGVANHNQVVQSDNYVNADTNKKNDYNNAY
NHANDIINGNAQHPVI

Begin | End | Epitope sequence Start | Stop
5 10 | TVNQKA 3208 | 3213
14 19 | KSTKDA 3217 | 3222
21 33 | DGQQNLQRAKTEA 3224 | 3236
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25 involved in adhesion to host cells, some of which are involved in iron acquisition or other
transporter functions, some of which are toxins or regulators of virulence and
immunodominant antigens can elicit an immune response which protects against multiple
stages of infection. 30Some combinations of antigens are particularly effective at inducing an
immune response. This can be measured either in animal model assays as described in the
examples and/or using an opsonophagocytic assay as described in the examples. Without

wishing to be bpund by thepry] s gERIAE combinatigns df %Qggeps are thought to be
enabled by a numper cr%rackﬁ%@‘the immune es r% e antigen combination.

The antigens t'l_nd elye mthe %‘;ic taphylococcal cells, the
tend to be conservéd-hut-alse Msent -5 C”f;gs tity on the surface cell
|

for an optimal Bactbficidal .vs,,um..@éﬁmﬂn place usm@%?.ﬂi odies-elicited against the single
antigen. Combining the antigens of the invention can result in a formulation eliciting an
advantageous combination of antibodies which interact with the Staphylococcal cell beyond a
Critical threshold. AbetiBegriticaid éwed]’ saffivientraseiidtkamsfigufiidietrgdatg Biaeltepilopes in
surface of the bactibeuRy tarafioaceittepea ficient killing by complement or neutralisation of the
bacterium. Fhis-cafhee'Sta st iop2icbiamns presudt thbakiehige oh dcrediated Ascelisatiopes in
assay as describe¢thinBhiefexrRaglessqlefReeferred immunogenic compositions of the invention

Ct

IL,

C

i+
1 ta

comprise a plurality of proteins selected from at least two different categories of protein,

having different fypetions. mdthip i

gickaxamplgs of such categories of proteins are

extracellular binding proteins, transporter proteins such as Fe acquisition proteins, toxins or

e A G sl e
greater than 2 @WOI’ selecC eos?rorﬁeftsis W I?%UaCISd%e ec%eédy? %Bq I‘OU

extracelular co

regulators of virulence a Gro

|mmunogen|c C

NN AS S T

RN RRAKEEATRMITHRSALNG

HISSIRBRT BRRAAGRPORIRLY el slisBi e RLs

ey

E’Pprotelns Group c) toxins or
roteins, 25In a preferred embodiment

ARRNALTARYr

greater thad 2, 3, §A§'%YW@!@(H@T@%LETB%TQLBR@MUFTMW‘@WWW%N%%\f
one staphylococcAlHANRIBEBMNAREEMbonent binding , protein or fragment thereof selected
from the group con5|st|ng of Iarnlnln receptor 30 SltC/MntC/sallva binding protein, EbhA,

EbhB, Elastin G F
=hD SasA Sasq

SSP.2, HBR \itioh

SasF, lipase G
IsaA/PisA, Ssal
protein, coagul

A-ERB, SSP.1,

,?—’HB’A FnbB, C
1§gq“%¢#‘llhﬁ nrnf

rD, SdrE, SdrG, SdrH,
ha, UR, FbpA, Npase,
in, fibrinogen binding

se, Figland M

VBENFYNE) - at

|838¢ one stanhvln

coccal transporter protein

or fragment the
IsdA, IsdB, isd(
one staphyloco
consisting of al
group d) - at le

reof seldcted fra

& I§EARACONSIS

sthag6of Immunodor

C, Mg2-+stransporteahams\tC an

03g04\BC transport

ccal regglator of

YiQHRaEsApXin or

feagoment thereof s

ninant ABC transporter,
er; group c) - at least
elected from the group

pha toxip (Ha),

AlphanSsING35R N

waid, RNA Il activ

ating protein (RAP);

NSt one&taphy_logeﬁ@ﬂ R’HREUI‘aI prn
W@W@%@@W

C%gu% or iImmunoge

nic fragment thereof

selected from t U§9'§14Sin.
55 VNSAQNVHA 3258
61 VHAVNDIKQ 3264
64 VNDIKQTTQ 3267 .
67 IKQTTQSLN 3270
74 LNTAMTGLK 3277
78 MTGLKRGVA 3281
81 LKRGVANHN 3284
85 VANHNQVVQ 3288
91 VVQSDNYVN 3294
92 VQSDNYVNA 3295
97 | YYNADTNKK 3301
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In a preferred embodiment, the immunogenic composition of the invention comprises a
number of proteins equal to or greater than 2, 3, 4, 5 or 6 selected from 2 or 3 of the following
groups: 10* group a) - at least one staphylococcal extracellular component binding protein or
immunogenic fragment thereof selected from the group consisting of laminin receptor,
SitC/MntC/saliva binding protein, EbhA, EbtiB, Bastin binding protein (EbpS), EFB (FIB), Sal,
autolysin, CIfA, SdrC, SdrD, SdrE, SdrG, SdrH, SasF, Lipase GehD, SasA, SasB, SasC,
SasD, SasK, FhbA, FrfaB, Cnaj {, EB}‘M Npase3é§§A/P|sA, SsaA, 15EPB, SSP-1, SSP-2,
HBP, Vitronectjn bindi prmehwi‘ i /(ND'HO' gBQWtein, coagulase, Fig and MAP: group
b) - at least on¢ staphyjococcal-transporter protein ot illIIIIUIIUgl:'IIib fragment thereof selected
from the groupicensisti b ofHtmmuhio ?7':...(4..“-\._, , Isde, I1sdC, HarA, Mg2+
transporter, Sitc-and Niéasc truwﬁwﬁf\)s gro '3351 at !eu st-ene staphylococcal regulator
of virulence, toxin or ifdfunogerdNIPHYEM thereod¥dected from thie group consisting of
alpha toxin (Hla), alpha toxin I-135R mutant, RNA flr activating protein (RAP). In a preferred
embodiment, the iithe tihasiEm capeath oglitronm pesestsnine iiositicontdnespetdiG tei Siceth eitapesrin
selected from groupeaggert an additional protein selected from group b) and/or group c). Ina
further embodimehéhrasnisiisafeni:cesnpaspiesenistiie eriios o trlaret east @propes
antigen selgcted figiROEBHRUR) shathaBqdrddonal protein selected from group c) 30and/or
group a). In a further embodiment, the immunogenic composition of the invention contains at

least one ant'gm%%ml;%@tﬁga?o%ﬂyef%n%mmst'B@M&SM%#%&%&%&F%E%%

and/or group b An optlona combination of proteins in the immunogenic composition 0
the invention cOifIFEEPRIYRRRIdeYRSRIIdS S hesisatharefprs ffﬂ'ﬁﬁ’ef’%ﬁ%ﬂgﬁg‘%%c?wlﬂm e
group consistingt@fediates o pmthaing ARG Irengibgrdejis dithésoentenC, HarA, Mg2+
transportgfg SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, 40 RAP,
Aap and SsaA, urther combination of proteins in the immunogenic composition of the
invention compH’s@%eglk@'ﬁ}?ativai'aﬁtsl?@wg%ﬂﬂg?%ﬁ?dgﬁé 2L 1ﬁ%r¥1 4 G ASHipe acids
consisting of inarsnbeienateisAROrrddeg irtany todAjnatin.IsdC, HarA, M92+ transporter,
SitC, Ni ABC transporter, alpha toxin, alpha toxin 1-1351. or H35R mutant, RAP, Aap and
SsaA.

Elastin binding protein (EbpS)

15
EbpS is a protein containing 486 amino acids with a molecular weight of 83kDa. It is
associated with the cytoplasmic membrane of S. aureus and has three hydrophobic
regions which hold the protein in the membrane (Downer et al 2002, J. Biol. Chem. 277;
243; Park et al 1996, J. Biol. Chem. 271; 15803).

20

Two regions between amino acids 1-205 and 343-486 are surface exposed on the outer
face of the cytoplasmic membrane. The ligand binding domain of EbpS is located
between residues 14-34 at the N-terminus (Park et al 1999, J. Biol. Chem. 274; 2845).

25  In an embodiment, the fragment to be incorporated into the immunogenic composition of
the invention is the surface exposed fragment containing the elastin binding region (amino
acids 1-205). Optionally the fragments do not contain the entire exposed loop but should
contain the elastin binding region (amino acids 14-34). An alternative fragment which
could be used consists of amino acids forming the second surface exposed loop (amino

30  acids 343-486). Alternative fragments containing up to 1, 2, 5, 10, 20, 50 amino acids less
at one or both ends are also possible.

Laminin receptors

21



A further combination of proteins in the immunogenic composition of the invention comprises
EbhA and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immumlominant ABC transporter, IsdA, I1sdB, IsdC, HarA, Mg2+ transporter, SitC, Ni ABC
transporter, alpha toxin, alpha toxin 1-135L or I-135R mutant, RAP, Aap and SsaA. A further
combination of proteins in the immunogenic composition of the invention comprises Ebh13
and 1, 2, 3,4 or 5 further antigens selected from the group consisting of immunodominant

A0 e sporen BB i B AP etonnhe
toxin, alpha tox#n u%eﬁif I es on ﬁb@Lio §trre Iéinv %Doﬁ‘% t ﬁwc}g‘gg éngstf&% %Escess

protelns in thel muno on o t e inventon cqm{é eﬁrava gross b Vascular

further antlgensf‘gglﬁté‘?gd s{f?gﬂr%ﬁsg’gné@ﬂl@ PriRUNodoRIRAAT trans

IsdA, IsdB, IsdAaRRFENNREPIPIRARS TBIteP, 3RS VR ME%‘HE%%WHT% rﬁ P&Ppi?ﬂasan
H35L or HIBR AGeaKY, (RzRes 2l SFieneR A985A2R%RE combination of proteins in the
immunogenic composition of the invention comprises EFB(FIB) and 1, 2, 3, 4 or 5 further
antigens selectednfiloimréceptyougre sosist rexmfsed ranthecoprinanttih BEny streprereb stast locede,
IsdC, HarA, MO2dhigesisnesier aSdts:, dpiceiigansporter, alpha toxin, alpha toxin H351_ or
H35R mutant, RAP, Rap and SsaA, A further combination of proteins in the immunogenic
composition of 8 invention comprises SBI and 1, 2, 3,4 or 5 further antigens selected from
the group ggnsisting of 30immunodominant ABC transporter, IsdA, IsdB, isdC, HarA, Mg2+

PR ) L R A S S U

Aap and SsaA. , A further co Im ic composition of the
invention comp?‘éegsa%tdfgl’r? Hh @%ang 9’3 E{gr%r@?{ﬁép%ﬁy gr%ﬁ;%sgeggcted from the group
35consisting of immune:x:1nm nant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+
transporter, Sitd RNABOIfEHRIIBREPILRNE ?6% hé&)ﬂé)’%ﬂhsﬁfgwq%?'\%gﬁ‘l‘%ﬁ{ﬁ?\‘{a%ﬁﬁe
Aap and S$aA. akeurtniae esitBfhdterelre fotiermaant aiShinMiiFbertbedRbEifdHePHRegenic
invention compcizepoSitibA el in@nion stars Alramitaatideasidye [8@t8d, 8 e feagromptinues to
consisting of immubastatinizant B Cotrarspetet SBAAD iIS0B26sdC. HarA, Mg2+ transporter,
SitC, Ni ABC transporter. alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.
The IgG binding domain of Sbi has been identified as a region towards the N-terminus of
20 the protein from amino acids 41-92. This domain is homologous to the IgG binding

domains of protein A.

The mirimal IgG binding domain of Sbi contains the following sequence:-

25 OTTONNYVTDOQOKAFYQVLHLKGITEEQRNQYIKTLREHPERAQEVFSESLK
*%k *h%k * * % % * * * * *
* - denotes amino acids which are similar between IgG binding
domains
30

In an embodiment, a fragment of Sbi to be included in the immunogenic composition of
the invention contains an IgG binding domain. This fragment contains the consensus
sequence for an IgG binding domain as designated by * as shown in the above sequence.
Optionally the fragment contains or consists of the complete sequence shown above.

35 Optionally, the fragment contains or consists of amino acids 30-92, 33-92, 30-94, 33-94,
30-146, 33-146, 30-150, 33-150, 30-160, 33-160, 33-170, 33-180, 33-190, 33-200, 33-205
or 33-210 of Sbi, for example of SEQ ID NO:26.

A fragment may contain 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 amino acid substitutions from the
40 sequences indicated.
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A further combination of proteins in the immunogenic composition of the invention 10
comprises SdrC and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodorninant ABC transporter, IsdA, isdS, Isde, HarA, Mg2+ transporter, SitC, Ni ABC
transporter; alpha toxin, alpha toxin H35L or H35R mutant, RAP. Aap and SsaA. A further
combination of proteins in the immunogenic composition of the invention 15 comprises Sdrt)
and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of immunodorninant
ABC transporter, isdA, IsdB, isdC, Hark M92+ transporter SitC, Ni ABC transporter, alpha
toxin, alpha toxj ne I 13ft or H35R utant P. Aa ther c Ig |

proteing in the iR GA LML TSGR (2o o S i S e B,
5 further antige sn§§]ected from the group consisting of immunodominant ABC transporter,
IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SRC, NI ABC transporter, alpha toxin, alpha toxin
H35L or H%SR a AP, Aap and SsaA. A further combination of proteins in the
immunogenic € n of the invention 25 comprises SdrG and 1, 2, 3, 4 or 5 further
antigens selected from the group consisting of immunodominant ABC transporter. IsdA, isdB,
IsdC. HarA, Md2sisrari€ioddihrbgs\iiddBig pratespatiieh @l pbeaetexirintalfiecetdrace WEH Imedium
H35R mutant siydR Alreus fitri§ eroeodainatinrnsadypeateissdr dhesteaniwzeden angdopo 38es) of
the invention 3@lieameeses sEudend 1, 2, 3, 4 or 5 further antigens selected from the group
consisting §f immunodominant ABC transporter, IsdA. sdB, IsdC, HarA, M92+ transporter,

SIC, Ni ABC trangpafier PR o alha O FbhiBab bl R O A RAR oARBARARERA
A further Combﬂatlabrlrgyf slt] ellmrpc% Otgomsatr OmoP 83'}1 qgrg £ Fth e'nrb\o?t?t'fapcell
35comprises Sask ﬁsora@%ﬂ%oer antigens selectéd from group Consist ing of
immunodominant ABC transporter IsdA, IsdB, IsdC, HarA, Mg2+ transporter SitC, Ni ABC
transporter, algH& teRiANR BIRIIRBLASHISBEe Gt ReSRIPATIAN, Ohlgp prs“Ei’hWﬁ“S%Hﬂ%‘ﬁr fRayage
Combinatidn of itk ﬁﬁ@ﬂ%ﬁ%é@eh‘l@ﬁcﬁmeétmﬁtoftﬂﬁe'mméﬁﬂ@ﬁ@oﬁﬁmgé@%pésée
GehD and 1, 2irgedtion Bofoptiass antigesists efdbecstfiunncenef Hremmisoe sisigig dfom about amino
immunodominaactd’dB @ ttenSpentenuiseiAhd gafdeilgdC, HarA, Mg2+ transporter, SitC, Ni ABC
transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA, 10A further
combination of proteins in the immunogenic composition of the invention comprises SasF and
1, 2, 3, 4 or 5 fahiber Ei¥IGEB s selected from the group consisting of immunodominant ABC
transportey isdA, IsdB, IsdC, HarA Mg2+ transporter SitCs Ni ABC transporter alpha toxin,

alpha toxin H3 o' H?g nt RAPo,tAésrpﬂaq \ ou 1 Af réh%r % g?dB glﬁrgsln

thei |mmunogen| C
antigens selecfed #Bﬁ%)‘f (ﬁﬂcﬂgf };?ﬂég éﬁ?ﬁ?ﬁ a%ﬁp Aah E‘f?%nsport]ers Is §g)rsl(t.ﬁ3
isdC, HarA, fviiga4eishiéH dpchalrh 'df“ﬁ@%ﬂ&%?%ﬁa%ﬁ#f odigz aggnst
H35R mutant, andyoshdhe Sipsinaoyt. fieRislemidiBiiedliRsi e 6eaiae matﬁé ﬁrﬁﬁerfa@*mﬁs
compositiéh of (fPrd md&deQﬂimprMeet Mibl3&4nd2)., 2, 3. 4 or 5 further antigens selected
from the group consisting of immunodominant ABC transporter, IsdA, I1sdB, IsdC, HarA, Mg2+
transporters SifGe NaPBputsans pigHelrsel phrecsoin, aimird gxisitt Belvas BT Roracitars) B2,
Asp and SsaA TRahbBlEtaepQenbitAlipReal B PIRiNSHaIhE IRBMEAREEBHnCENHBR SEM @ dMeom
invention compyisRs £iPsang the B- %rrﬂrﬁﬁsﬁémﬂbeéd?&‘t'f@gg selected from the group

s

consistinggf iminunodonlinant ABC transporter, IsdA IsdC, HarA, Mg2+ transporter,

SItC, Ni ABC transRgrer, iR xR SRR 8 Bl R e B 2N RAELA 38, 385584

binding. In an embodiment, the fragment of Fbe consists of or contains amino acids 52-
825.

35 The region between amino acid 373 and 516 of Fbe shows the most conservation
between Fbe and CIfA. In an embodiment, the fragment contains amino acids 373-516 of
Fbe.
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30A further combination of proteins in the immunogenic composition of the invention
comprises afB and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, ISdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni ABC
transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Asp and SsaA, A further
combination of proteins in the immunogenic composition of the invention comprises FbpA and
1, 2, 3, 4 or 5 further antigens selected from the group consisting of immunodominant ABC

transporter, ISdinisdR.idsdos Haw1 Mords Lanenaras ar%ﬁr%ewtf\%qe%'ﬂ%%%e@'ehéﬁ%ﬂv

alpha toxin H3 85{'&'&3 %arg%tgq% @Igér%gge%n e§s A further combination of proteins in
the immunogenic composition of the invention comprises Neese and 1, 2, 3, 4 or 5 further

antigens selected from the group consisting of immunodominant ABC transporter, IsdA, isdB,
isdC, HarA, M%% éy Bfigporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H351.. or
H35R mutant ,E sp and SsaA. 10 A further combination of proteins in the immunogenic
composrtloﬁ of the invention comprises IsaA/PisA and 1, 2, 3. 4 or 5 further antigens selected
from the group|§@h3$s@n?@@ﬁrﬂfﬁ§ﬁb@l§ﬁ1hﬂ@%ﬁ8®%h§p&&éﬁ ShaRn fedis, AsteNYIadRMRITE -+
transporter, SitetabhiykB@¢ahspteiteduainh adpsiin iralpbepitekipaki3ty . (Loren35R @lu2ehe, IF=MS
RAP, Aap and EsadhoA fadhBlicestmPdnation of proteins in the immunogenic composition of the
invention comprises SsaA and 1, 2, 3, 4 or 5 further antigens selected from the group

consisting; of IMRLIRRHSEURMY ARfe HfARS RAKEdssHe |siEnRgnttRER MgAH EanRRESH an
SitC, Ni 20 AB@rﬁ%ﬁﬁﬂé’rﬁE{h 1105 EM‘%@&"HJ"U%@& ﬂrdﬂ?fmd‘ﬂ%@% Bfvipobitidh Ythe
Stay A further @gtlo ro Ins i the jmn r?u @ Hop RE g% &Iarg}gn

an rom t Isti

comprises EP 4 or r?ﬁer antigens se ected e group cons
Immunodorninant ABC transporter IsdA, IsdB. ISC, HarA, Mg2+ transporter, Site, Ni 25 ABC

transporter, alpﬁgm%ﬁl@ng"&%%}&iﬁ& or H35R mutant, RAP, Aap and SsaA. A further
combination of proteins in t e Imrmunogenic composition of the invention comprrses 6SP-1

and 1, 2, 324 or 5 further antigens selected from the group consisting of imrn nin
ABC transporté?bfgﬂﬁd'&&@d@%@r%éﬂﬁ‘ RgZinerapREEHoBTHeS f{rﬁgﬁfﬂwﬁﬁ’s obr'fédra g fha

toxin, alpha toxXihret8stino(VW33R/ tagdnt, TResR, Aasalied B4aB2ADar st Bémlﬂllﬁitlémbﬂdlment
proteins in the {agWEHAIEMI6ERERRPBIHGRPEHISHNY BNEQRARRRB I 8naRFoPAND 4, 3, B4 B1-5
frther anigensselee 9Bl 49 B SRSTHRG s

20

Fibronectin binding protein contains a 36 amino acid signal sequence. For example:
VENNLRYGIRKHKLGAASVFLGTMIVVGMGQDKEAA

25 Optionally, the mature protein omitting this signal sequence is included in the

immunogenic composition of the invention.

Transporter proteins

The cell wall of Gram positive bacteria acts as a barrier preventing free diffusion of
30  metabolites into the bacterium. A family of proteins orchestrates the passage of essential
nutrients into the bacterium and are therefore essential for the viability of the bacterium.
The term transporter protein covers proteins involved in the initial step of binding to
metabolites such as iron as well as those involved in actually transporting the metabolite
into the bacterium.
35
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of irnrnunodominant ABC transporter, isdA, IsdB. 15G. HarA, Mg2+ transporter, SitC, Ni 35
ABC transporter, aipha toxin, alpha toxin H35L or H35R mutant, RAP, Asp and SsaA. A
further combination of proteins in the immunogenic composition of the invention comprises
HPB and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodorninant ABC transporter, isdA, sdB, IsdC, HarA, Mg2+ transporter, Site, Ni ABC
transporter, alpha toxin, alpha toxin H35L. or H35R mutant, RAP, Aap and SsaA, A further
combination of memeirs ikbthie izmmwwan&mmpwitm@féhgrmmnsmempnmiseeewammtin

binding proteln ﬁr}iogmg%{r% n%r(\) 55 fh'l]rth%ean %ﬁlﬁ tz% dtr #&&%ﬁ'&é‘lﬂgr%n forC

|mmunodom|nan ansporter Isd sporter, SRC, Ni A
transporter, alp¥@EoRMh, %ﬁfﬂ?ﬁté@&n Fmas@chﬁ!ﬁQ‘?fﬂﬂ%mt'rWAlﬂC%t'aﬂd'Ss&&‘ci\' fifthdhe
combination of gutatdighenint o€ homat rgfgetiticscsantipn $Héoge oé ttnnfentioneomn mEsgessklagadgen

binding projein @ e or i AU ARLEBSARSIECLITRAR the group consisting of
immuncdominant ABC transporter, i1sdA, i1sdB, Isd arA, Mg2+ transporter, Site, Ni ABC

transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA, A further
combination of ratwiles oi trespontermogeits mnqmmmmmwmnmpgampam et al

coagtwasde and ;_SIOO?A g,éél?prlﬁ,gHrt@gr gggg)er]gdgel gﬁgm @}eégrmcpﬂﬁlgtlgsgtgjzg@ IsdB
irrirntmodornin rans i i e Spor |

transporter, alp f&ﬂﬁ'aalﬁhg éég Egé‘i 8% §§h'ﬁq§ g@&@éﬁgm ﬁg%s furt er
combinatid® of @Vdiﬁlmandtlﬁeﬂiewa%‘ogéeﬂb loonepo&ionash and M\/‘éﬁﬁéﬁ@némﬁﬁses Fig and

1, 2, 3, 4 or 5 further antigens selected from the group consisting of irnmunodominant ABC
transporter, isdA, isdB, WC, HarA. Mg2+ transporter, SiiC, Ni ABC transporter, alpha toxin,

alpha toxin i-13p4monddbreiramuti@t. tRAshoNap and SsaA. 30A further combination of proteins
in the immunogenic composition of the Invention comprises MAP and 1, 2, 3, 4 or 5 further

antigens selected from the group consisting of immunodominant ABC transporter. isdA, 1sdf3,
isdC, HarA, Mgawmueskipairist SEC thihgbBieiriarspetesnatphal tondteiralpiientman bt3&ipable of

1135R muiant. RORARP ARG <A IS ATHalan QLIS WA UARAROGcca

COIT]pOSItIOﬂ of the Invenhtion com ?I’ISGS Immunodominant ABC tranporter and

further antigenS'GaNSY8 Fioih i gl MsrRiRiRS 39?&rﬁﬂm‘?@€éﬁﬂﬂ‘”§lf@ﬁ\ﬁm@yégﬁvﬁ boen
binding proteinfdabii, fakibis kitstepticachng (Botdere{ BIZISY, EFSt(FB)ISBS; 8866lysin, CIfA,
SdrC, SdrD, SdrE, SdrG, SdrH, Lipase GehD, SasA, FnbA, Fan Cna, CIfA, CUB, FbpA,

Npase, IsaA/Pi A SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin L otein fan
(bl Seh O

binding protein, @&g@ﬂ,gg%mgnés NW"Q%WR BG RASRR" P ant,
Aap and 38aA, GNI(RtheRBYRTHiN KT lof. pr@\ﬂﬁ'&l-ﬂae WWLROQ@@%ONWW@UW@NYQS

invention 10 compiigentegianahi %n@/& Oﬁ‘éfFLthGFEGmﬂ_ﬁ%SﬁFﬂﬁaﬁééef@é&\@eﬁéeslIQ:ontaln
consisting of laminin re 1?gptor, SitC/Mn t%}va blndlng@)rotem EbhA, EbhB, Bastin binding

protein (EbpS) egx't_ogea: &G A NBRTs #A’"?&r'&‘ 8"E SdrG, $drH, SasF, Lipase
GehD, SasA, FnbA, Fnla Cna, CifA, CifB, FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1,
SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig, MAP,
IsdA-IsdB
25
The isd genes (iron-regulated surface determinant) of S. aureus encode proteins
responsible for haemoglobin binding and passage of haem iron to the cytoplasm , where it
acts as an essential nutrient. IsdA and IsdB are located in the cell wall of staphylococci.
IsdA appear to be exposed on the surface of bacterium since it is susceptible to
30 proteinase K digestion. IsdB was partially digested suggesting that it is partially exposed
on the surface of the bacterium (Mazmanian et al 2003 Science 299; 906).
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15alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA. A further combination
of protein in the immunogenic composition of the invention comprises Isd13 and 1, 2, 3,4 or 5
further antigens selected from the group consisting of laminin receptor, SitC/Mn1Cisaliva
binding protein, EbhA, Ebh13, Eiastin binding protein 20 (EbpS), EFB (FIB), SBI, autolysin,
CIfA, SdrC, SdrG, SdrH, SasF, Lipase GehD, SasA, FnbA, Fnta Cna, CIfA, CUB, FbpA,
Npase, IsaA/PisA, SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen
binding protein,|etfagudases ig.ovtA Pidip acteixisnwaigthbirid xientd 3bhe b rekiBE4R ionLisanet Utveld by
Aap and SsaA, t%é%JéiEBﬂ{y(iﬁ'PQ{ﬂﬁé'% quPFQB?égé& R TERAR0G 6N G BTG RIHORNG ik tion

invention comprises S 1, 2,3, 4 or 5 further antlgens selected from the group

consisting of Iar'ﬂlﬁ|h°%@@ﬁf8#h§ﬁ€mﬂ?éygalﬂyéfmHﬂH’GMtem EbtlA, EbhB, Erastin binding
protein (EbpS), EFB (FIB), SBI, autolysin, OM, SdrC, SdrD, SdrE, Sdre, SdrH, SasF, Lipase

goegg Séasé\ FiRéy &rablo i&ﬁb}rﬁé&“ﬁ f%%fdbﬁmmms%? y1884IP682, Iﬁfé%ﬂ:rﬁtﬁﬁm $6Pxdgg).
P-2, HBP, Vitronec Indin otein, fidrinagen pindin proteln ulase, Fi MAP
alpha toxin, alpﬁ:f&xfﬁ Hﬁaé? f—'%g’ﬁ H{ﬂ%(éen? %ﬂ ip alrﬁ &%q] er%%er%mé%lnotr(\)
of protein in theprﬁwdaﬁdgant@@fdﬂmgﬂ*omdﬁweﬂM/Qhﬁtm comprlses alpha toxin and 1, 2, 3,
4 or 5 further antigens selected from the group 35consisting of laminin receptor,

SitC/MntC/sallv blndl rote EbhA, Ebhi3, Bastin .36 bindin e|n S )
SB1, autolysin FR c{’ﬂ %nﬂéed@n @C?I% '§8°ﬁ‘p%5 s?f' ?_F:tﬂas%\P é%%Ase)ﬁ %F?gélw:e&of
CM, CifB, ?ﬂopAlSMpéﬁngf é%gﬁM@Ah IS sigACTibern Yp01/96499 ?W@p3/\1’h§8ﬁectln binding
protein, fibrinogen binding protein, coaguiase, Hg, MAP, immunodominant ABC transporter,
isdA, IsdB, isdO cxtmstanv geguirdeespo rylBseeC, Ni ABC transporter, Asp and SsaA. A further

combination of protein in the immunogenic composition of the invention comprises alpha toxin
H35L OR H35R variant and 1, 2, 3, 4 or 5 further antigens selected from the g{roup consisting

of laminin reced\ﬂﬁm@i@fﬁln‘fﬂﬁs&f%)’bﬂidﬂﬁ@“ﬂ?ﬁté"\‘f'”ﬂ%h‘ﬂ"”‘l@@ﬁhﬁs EIREAN I PRI
(EbpS), EFS (F¢BieraBrinaBitatgsTs STIA aSdeB &S crbte Bel thatSegDats dinkl pesEtidn ph sexiGe bidh
SasA, FnbA, Ene,fpha, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPS, SSP-1, SSP-2, HBP,
Vitronectin binding protein, fibrinogen binding protein, caagulase, Fig, MAP, imrnunodorninant
ABC transporter, IsdR, sdB, ledC, HarA, Mg2+ transporter, SitC, Ni ABC transporter, Rap and
SsaA. 15 A furthAiphadowioiftdiadn of protein in the immunogenic composition of the invention
comprises RAP and 1, 2; 3, 4 or 5 further antigens selected from the group consisting of

laminin receptor, SitC/Mn]C/saliva blndlréa#)roteln EhhA, Ebg%li%tm bindin proéel

n
(EbpS), EFB (Pfé")haé%’f'"a{a&ﬂy%”&’mv eHp MR P L §tas'ig iShge?Ypus I
Gehl), Sagh, FihapereliemiadomifBitrbpemoldiesstivdiy. AmisadicssoainsPapgdexin hywrzeen

HAP, Vitronectighgmdtagngmjgh Wiﬂgﬁ%ﬁlﬁld&ﬁg I@iﬂ&?igﬁé‘&@@ﬂ@@ﬁa FtiﬂarMA%mmal models
immunodornin BC rans A, IsdB, i 2+ tra orter
transporter. R;é&g A fLP ﬁ% r &'Bm'f)lnjt ons Q pro{gln i pj%mm%rﬁjg hgl i Céé and

composition of mmmﬁﬁeﬁmﬁy@gﬁm&%ﬁl%ﬂ%éﬁa%é 'oX: IsdA and CifB; isdA and
SdrC; IsdA and SdrD; isdA and ScirE; isdA and SdrG; isdA and SasF;IsdB and CIA; isdEi and

ChM; Isd nd.sﬁéjrggép n(% rD MB and Sd E& a c!) Ig{%éjﬁggs égirg b GdéyaRd

CifB; CIfA82§nd X'C'P 8 aCt? ha Eﬁi( tfga%)a %a‘g andt%? 6‘él\/?

SdrD: an immunogen. This can be achleved by chemical treatment, for instance by treatlng with
formaldehyde, glutaraldehyde of other cross-linking reagents or by chemically conjugating
it to bacterial polysaccharides as described below.

30 A further way of removing toxicity is to introduce point mutations that remove toxicity while
retaining the antigenicity of the toxin. The introduction of a point mutation at amino acid
35 of alpha toxin where a histidine residue is replaced with a leucine residue results in the
removal of toxicity whilst retaining immunogenicity (Menzies and Kernodle 1996; Infect.
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30 CifB and SdrE; CifB and SasF; SdrC and SdrD; SdrC and SdrE; SdrC and SasF; SdrD and
SdrE; SdrD and SasF; SdrE and SasF. In the above and below combinations, the specified
proteins may optionally be present in the immunogenic composition of the invention as a
fragment or fusion protein as 35described above, Combinations of three proteins In an
embodiment, the immunogenic composition of the invention further comprises three protein
components in a combination of alpha-toxin, an extracellular component binding protein (for

o combination, e S oy e Enely ety Qeneteall datorat oy
a combination, the alpha toxin may be chemi axified, or genetica oxified by
introduction of ;58‘?H{rﬁ%?éﬁ8f?(£3f g}'o&ﬁ'?‘ff@é'%g\ﬁ-ﬂ% eSS ar?\suﬁcgl?g%,gﬁ?fﬁéyalpha toxin
is present as a free protein or alternatively is conjugated to a polysacchadde or PNAG
component of thgnknNyRaesICRIBPREIIGTbgBNaNPIasceticesMbingidonsdnatndeatpin toxin is
immunogenic composition.comprisi toxin, r | t
pincing protsin SRR I Oh e L i o ) A e eu or
binding protein ASbHIA, ThASEARGiF BRASAS B ABRA(ANISS BrieXian) b BNRERSIRIP Elfar
SdrC, SdrG, Sditmmpdpase @eh@umx@sg&ﬂbéqrﬁm_bﬂipﬁ;rfag éBiﬂB]pEb_pdhszapelymmmdés or
Ssah, EPB. SSpRhe. Uptenky 1o VSIoaGEUR bipding pER&iB.RRRriongen RINdipR AL 8

coagulase, Fig and MAP. An immunogenic composition comprising alpha toxin, IsdB and an
extraceilular coRYSREEERASRAG PrBAP selected from the group consisting of laminin
receptor, $tC/MntC/saliva binding protein, EbhA, EbhB, Bastin binding protein (EbpS), EFB

(FIB), 25 SBI, Wﬁié‘c@gfﬁ\gi%ﬁmﬁéai SdrE, SdrG, SdrH, Lipase GehD, SasA, EnbA,
FnbB, Cna, CIfB, FbpA, Npase, Is ISA, SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin
binding protein, fibrinogen binding protein, coagulase, Fig and MAP. An mmunogenic
composition coR¥risimplaleslhadsin, BetAssh tbaviaietrisire seessipirehyisdene freigps. RAP is

consisting of lariyi-EACEHRE Ve dri \nFHBBhidasitn Riadingtsy ateiadERpGhtéry Bybtdm)oCither

SdrC, SdrD, SdrE, SdrG, SdrH, autolysin, FnbA, Enloe, Cna. C F

SSP.2, VilneSBIRNS oA A By a10 ket B BESFU AR Wrtore
immunogenic cenpesitienasinperirigteNiiHAapkifS$SdB and an adhesin selected from the
group consisting of laminin receptor, EbhA, EbhB, Elastin binding protein (EbpS), EFB (FIB),
autolysin, CIfA,@teCinBdube SumihaBtip@téidsH, EnbA, Enba, Cna, CIfB, FbpA, Npase, SSP-1,
SSP-2, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig and MAP. 40 An
immunogenic composition comprising alpha toxin, IsdA and laminin receptor.

Accumulation-associated protein (Aap)
20

Aap is a 140kDa protein which is essential for the accumulation of S. epidermidis strains
on surfaces (Hussain et al Infect. Immun. 1997, 65; 519). Strains expressing this protein
produced significantly larger amounts of biofiim and Aap appear to be involved in biofilm
formation. Antibodies against Aap are able to inhibit biofilm formation and inhibit the

25  accumulation of S. epidermidis.

Staphylococcal Secretory antigen SsaA
SsaA is a strongly immunogenic protein of 30kDa found in both S. aureus and S.
epidermidis (Lang et al 2000 FEMS Immunol. Med. Microbiol. 29; 213). Its expression

30 during endocarditis suggested a virulence role specific to the pathogenesis of the
infectious disease.
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38 Art immunogenic composition comprising alpha toxin, IsdA and EbhA. An immunogenic
composition comprising alpha toxin, IsdA and EbhB. An immunogenic composition comprising
alpha toxin, IsdA and EbpS. An immunogenic composition comprising alpha toxin, IsdA and
EFB (FIB), 10 An immunogenic composition comprising alpha toxin, IsdA and SdrG. An
immunogenic composition comprising alpha toxin, IsdA and CIfA. An immunogenic
composition comprising alpha toxin, IsdA and Cif B. An immunogenic composition comprising

alpha toxin, Iscgsandonti. ahMNIeRHip GRS eeaaﬁﬁéétiaﬁucaaﬁy@asmtaiﬂé@daemgks%.an%
coagulase, 20 16‘ ad'én tprillgg‘i:"sn 8II8\9/¢ranopt? Sm ! %’p’iﬁ‘ c?ség\%r? % é&g% %%grﬁ% 'a%lds from
S an

immunogenic co o8ition comprising gl h& oxm munogenic
composition cdﬁ?ﬂﬁﬁ@ﬁ& Qﬁ?ﬁdﬂﬁ(?ﬁolsdA and SdrC. An immunogenic composition comprising
alpha toxin, IsdA and SdrD. An immunogenic composition comprising alpha toxin, IsdA and

SdrE. 30 Ap Iﬁ](ﬂ%ﬂgﬁgillﬁagﬂ{EHQﬁ'EF,QQACQrBQFh%HQ&QQ&%me RIAASEMARNDBsition of the

immunogenic composition comprising IsaA an An immunogenic composition comprising
IsaA and IsdB. 'Wﬁﬁﬂ%l?h’Bag‘ﬁ|Epc8fn‘%fo§?ﬁB’FPonﬁHsﬁ'f’fﬁ'"&aﬁf‘%&@&/&h% RimOnDgeARInC
composition comidsiSihty thaL-derthiBas)C. 40 An immunogenic composition comprising IsaA and
Ebh or fragment thereof as described above, An immunogenic composition comprising Sbi
and SdrC. A mmuno compaosition compri Jand Eb ment thereof
described 5 bR R TR RRe DB PHIERRUE A ShSRAin G TEA S ap o
SdrC Seldétiorrafinmaiéndlexpressed in different clonal linea 10 Analysis of the occurrence of
virulence factors in relation with the population structure of Staphylococcus aureus showed

variable preseqsghidivadaece genes in natural populations of S. atlfOLIS. 15Among clinical
isolates of Staphylococcus aureus, at least five clonal lineages were shown to be highly

lent (Booh et a, 2001 Infect | 69(1):345-52). Alph h
Foronoctin.bindIAG RTERA (1RSI &t S REPIAE SIS o) R SR (318 B

most of the isoiaebyleegeaelidife aitilseinyelide ntemnsenifb stirenisatipnponitition|efofiestien by

proteins inghe geHad¥ALOsSHoiRH uéss(j%g)@htﬁéauoa@aaeme%a@m@wﬁ&(aauaﬁﬁﬁahe blood,

Moreover, accor{glrn%yobgﬁ%ggc eé;[u%ug%%léngedds ttellbr’fL1L|tr|\gntSs’ and the host defence mechanisms

and induction of complications including endocarditis, metastatic abscess formation and
sepsis syndrome. Different molecules on the surface of the bacterium will be involved in
different steps of the infection cycle. By targeting the immune response against a

20 combination of particular antigens involved in different processes of Staphylococcal
infection, multiple aspects of staphylococcal function are affected and this can result in
good vaccine efficacy.

In particular, combinations of certain antigens from different classes, some of which are

25 involved in adhesion to host cells, some of which are involved in iron acquisition or other
transporter functions, some of which are toxins or regulators of virulence and
immunodominant antigens can elicit an immune response which protects against multiple
stages of infection.

30 Some combinations of antigens are particularly effective at inducing an immune response.
This can be measured either in animal mode! assays as described in the examples
and/or using an opsonophagocytic assay as described in the exarnples. Without wishing
to be bound by theory, such effective combinations of antigens are thought to be enabled
by a number of characteristics of the immune response to the antigen combination. The
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inbA,coagulase, spa, map, pvl (Panton-Valentine leukocidin), Mg (gamma-toxin), alpha-toxin
and ica appeared to be unrelated to the underlying clonal structure suggesting considerable
horizontal transfer of these genes. 25In contrary, other virulence genes such as fihronectin
binding protein 8 (fnb8), beta- hemolysin (Mb), collagen binding protein (cna), TSST-1 (tst)
and methicillin resistance gene (mecA) are strongly associated with specific lineages (Booth
et a, 2001 Infect immun. 69(1):345-52). Similarly, Peacock et a 2002 (Infect Immun.

70(9):4987- 96)aﬁhgwedﬁaa§émgﬂmibbmms«esaﬁéb@dedsﬁetﬁmamelat sreyitelaiias deie ansy

etb), beta- 30apd toxms th rgenes, (sdr sdrE b ﬁ ggg hin
the population gtréFI aﬁfl [o] y gfv?\?‘;%lgn re Med c{tBI\tﬁfgth eirjl{?(g?{\cggrﬂl% plexes tﬁlNFLéI
data provide n@e&\fmmt'mﬁl %ﬂ@'@é&?ﬁ@iﬁ%tﬂﬁ?mglﬁ%hﬁ&%@%@@%ﬂf@?@rﬂ%'ﬂ%ﬁ%t
subpopulation &g skitdges. Guisbignganzabiiinracti etchteaserestiting fenavetea dlicithg

asymptomatic gargmégg%wéa& orfbiatich BRGHREGkLSRkt .ﬁ?é%lsé?m kﬂeagtsmpﬁaemmceu

immunogenic compaositions of the invention are effective against stang ylococcl from different
clonal lineageLYRNGA éFHﬁB‘dﬁ’Pﬁ“e?’l’P'ﬂwé“iﬁWﬁﬁ&@%ﬁ?&e&oﬁqﬁ"ﬁﬁﬂbﬁ BRdisTsissyffisiet qualityy
least 1 proteinbihdttes tba pnarésed of theobb chaiate ScobdapéijHec efaichix aitmesyofsuplkmpeateins

include alpha- %m&h&%{bﬂ\é%é'Bé%ﬂﬁﬁﬂ‘ﬁi@%\gb%rmé‘é&ﬁeéfﬁpé\hé%WHmw@Haf%‘ﬁ&% fode!

(OA), coagulase, spa, ma%g%_b Panton-Valentine leukocidin), hig (gamma-toxin) ica,

immunodorninShARRERS VraR deseriRs Sihegiis e Re 1 2001, J. Infect. Dis. 183; 10
1038), faiiinin receptors, SitC, IsaA/PisA, SPOIIIE (), SsaA, EbpS, SasF (Roche et al 2003,

Microbiology 14R:&£3). ﬁ%&&@m@%&nﬁﬁ&ndﬁ%f 'ﬁ@ﬁnféﬁh& wﬁﬁ%eEﬁBmEafnﬂeo‘flaletems
binding protein II I Plse( nz et FEMS mm ? !\ﬂécvro g%)r 2f8h Jnong %

(Roche et at 25 F%'Bls 8?/3 %'3%5‘3']\/@&9%536 %(e,h Tyt §em|cro |ology) Ho;
643), SasH (R§tﬁp@)é¢q9moﬁaarml§m@f@w3pam90mf D[@ﬁ@'ﬁﬁ/éfﬁ exraeaiiyiaopipdnR)rSeps

and novel autajyaiipolteRprebmN e RTFE QRTRMb Rt EHY QIS IN oY kEbr 268 BXNRESEAIN
different Sgts ogtﬁégnrﬁ\% Hgd:as %%e nclltjded in the immunogenic composition of the invention.
Optionally the combination of an igens Fwill allow an immune response to be generated that is
effective 20 against multiple clonal strains, or against all clonal stains. For example

combinations inciuglererriBeaitbheiancrmplyside it kerasstifortotid hnantohSGrihdr, fontpRsand

rnecA, FnbB agchsbe?. &rripElemideadaltdsiogaunst kRS, FnhB sed &Hudiesa-haemolysi and
Cna, beta- haembéﬂ ?Jl%TégEde H&Iﬁl haemolysin and mecA beta-haemolysin and SdrD,

beta-haegyolysin | a-haemolysin and Efb, 25 Cna and
TSST-1, nay an %QSL ﬁxpgéalp%gg é @Qn?ﬂﬁé@%[ﬁ o&?r?n;s ‘and Ebpé Cria and Efb, TSST-1
and mecA, TS'ST P PPEE Y %H% SdrF, TSST-1 and EbpS, IssT-1 and Elb, MecA
and SdrD, Me&A gﬁﬂJ%&)rlt—oxl\ﬂ%BN%ﬂ’tﬂP & ViRENd Efb, SArD and SdrE, SdrD and EbpS,
SdeD and Eft)® S&e4d Eﬂtﬂ‘}"@i@r‘?‘ﬂﬂﬁ Efb, and, EbpS and Efb. 30 The combinations
described above may be combined with additional components described above. Protection
against S5auréss peféridepidedinigis, 3Bmunogenic composition of the invention further comprises
a number of proteins equal to or greater than 2, 3, 4, 5 or 6 selected from 2, 3 or 4 of the
following groups:
e group a) - at least one staphylococcal extracellular component binding -protein or
fragment thereof selected from the group consisting of laminin receptor,
30 SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin binding protein (EbpS), EFB
(FiB), SBI, CIfA, SdrC, SdrD, SdrE, SdrG, SdrH, SasF, lipase GehD, SasA, SasB,
SasC, SasD, SasK, FnbA, FnbB, Cna, CifB, FbpA, Npase, IsaA/PisA, SsaA, EPB,
SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase,
Fig and MAP; '
35 e group b) - at least one staphylococcal transporter protein or fragment thereof selected
from the group consisting of Immunodominant ABC transporter, IsdA, IsdB, IsdC,
Mg2+ transporter, HarA, SitC and Ni ABC transporter;
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In an embodiment of the invention the immunogenic composition provides an effective
immune response against more than one strain of staphylococci, for example against strains
from both S. aureus and S. epidermidis. For example, a protective immune response is
generated against type Sand 8 serotypes of S. aureus. One use of the immunogenic
composition of the invention is to prevent nosocomial infections, for instance in elective
surgery patients, by inoculating prior to hospital treatment. At this stage, it is difficult to

accurately pre(ilcty}/&ush; Qc&ﬁc%gﬁﬂ&%é&? éHEﬂ%}rV&'b GeREBORRM & bl rfﬁE%%f

advantageous to iNQc Ia t a vaccin ra In

immune response zﬁ ;nst rlou cons' C}]gallgc%%%xmﬁgﬁlaegfe@%ve %ﬂlﬁ}ne resp?gﬁs%NA
defined as an |mnm glival %Rg%tet'ﬂé R)es S|qn|f|cant protection in a mouse challenge model
or opsonophagocRosR @s§a§} HRAFHVPiISEPMRRCT eRuFHHRL LrEfihRC AT ARG H3aBent
mouse challenge feigel srigGiestdarEhh arvPsamsipieos MRl aed 28 simcrease in the LO50
in comparison with carrier inoculated mice of at least 10%, 20%, 50%, 100% or 200%.
Significant protectiprefer@d¢ etttndiateciatierigenonodehidevinstalioe tiatofrmxatopledhptses a
defined as a deqrgbseonpioRineaquabeesy gebhee thak) W etobalrgasd|ddide, AR 20% of @96
or 90%. The pre&eiARg @{,apsopsonising antibodies is known to correlate with protection,

therefore mgm(pc BELaClan isdinats iy Bc%&é?@%ﬁa'&ﬁh%nb BSHALRP UHAIPLIGRR or
10%, 20%, 50%, m 9@@ Rﬁﬁgwss\sagxtﬁ % ik sgn@a yg .Rn%ece

7. Several of the %r /nc|u (mmuncg o;r%g a

protein, Laminin rece ors %PI% &8 g év\%
conserved betweg é) me?}ét%H’Sa TSt cﬁgrgnﬁcg%a %§d§ O%ﬁ\é‘fqgﬁﬁ Effth S2¥fis,
SWG, HarA, FnbpA2it 8hitoarr§ @ngﬂ'&{% 5%55”%&% W%ft@%%@@ﬁ%e'?ﬁ%ﬁénﬁﬁ@
crossreadfive betkBBn §§%ést§§r?e2$ HEReYéranechn |biaginenerSieiapitisingais dtinding Piataw,
also well conservedagekasechdsaalv@ls and S. epidermidis. 30 Therefore in an embodiment,
the immunogenic grouppo)siianiedstnenensaptigocotitadrapsisetd Atziana typeubogsnidfragment
polysaccharides anstépneelde@dhiteetns tpoupEdhastihg ve IrkateiorMAaRiIASE Rdporter, IsdA,
embodiment, the jsamusagie Al AYROSHALHBRENSSIRY SRY RN ABEPREpuHEra pharmaceutically
acceptabip exciigifl IRAN N IAR RbERTI AP & B @Hé‘e Faﬁnvamﬁén%&%
present |nvent|0nf|;g Q—ﬁ ﬁg}% ecteD tcu gly \I\’henoﬂzg‘l3 tln ? ﬁp z h¥ toxin
population but aI in gjﬂgf ons. %ru'glﬁft jugants Pncﬁ 81’((-:- R a Rt
such as alumlnum% (OXIRE T Eﬂ?ﬂ‘fﬁ?@%pﬁ?ﬁgb Blor alum, but may also be other metal
salts such as those of calcium, magnesium, iron or zinc, or may be an insoluble suspension of
acylated tyrosiAe? afeéev%@@@egmntcé%mupwaﬁuéﬁ@mt@erma%wwmmn%rat
polyphosphaziaetonpraisiprediacied tiem dheuadiLeahahaddilicot: ordie selipetde feartiaraud ger
of a TH1 type @fdiespoupec)Such high levels of Thl-type cytokines tend to favour the induction
of cell mediated immune responses to a given antigen, whilst high levels of Th2-type

cytokines tendrie friauF SieHRIHENO e i MIHIGE D BUMDERBAIIRS I EnBoANisedng &t Thet

distinction of Hakeapdhid? ﬁeetém%me%rsw%%@ ARLaselycodRalibeandnibidgal Wil
support ag mm ggaﬂ)o e which is described as being predominantly TM or predomlnantly

Th2. However, itis 0 nvenient to consider the families of cytokines in terms of that
described in mlurl D4 v T cell clones by Mosmann and. 20 Coffman Mosmann, T.R. an
Coffman, R,L, gihf 8%5@%’“ HAPRAYA SRERRSTE W}%B}‘F té%b?@ﬂ@r‘?feﬁdeﬁft
different funct B HRECIBA IR $EHRT BNAM AYLitRIA! Rreteis seiesfed e GRauR) 2)
Thi-type Sﬁ%”ﬁﬁouated with the production of the INF-y and IL-2 cytokines by
T-Iymphocres Other cytokines often directly associated with the induction of Thi-type immune
responses arérRoRsiRn@ cembipation of proteins in the immunogenic composition of the invention

comprises laminin receptor and 1, 2, 3, 4 or 5 further antigens selected from the group

consisting of immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+

transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant,
40 RAP, Aap and SsaA.
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25 7-cells, such as 1L-12. In contrast, Th2-type responses are associated with the secretion
of 11-4, IL-5, IL-6, IL-10. Suitable adjuvant systems which promote a predominantly Thl
response include: Monophosphoryl lipid A or a derivative thereof (or detoxified lipid A in
general - see for instance W02005107798), particularly 3-de-0-acylated monophosphoryl lipid
A (3D-MPL) ([or its preparation see GB 2220211 A); and a 30 combination of monophosphoryl
lipid A, preferably 3-de-0-acylated monophosphoryl lipid A, together with either an aluminum
salt (for instance aluminum phosphate or aluminum hydroxide) or an oil-in-water emulsion. In

such combinaiofigthantigribiagebs RiMirhidis GoMRINRFhiMGERARSGRRE A BEUFHERSN
allowing for more (?_giacsie tfgealiveqy Bfgrb}iﬁre#icr%?d irnmunosjein}ul o:&/}j;i‘gnals. Studies have
shown that 3[§3WIBL IS able tondfurther enfance e ﬂ%l?ﬁmosgf er%&f}r 2RI cRBBLY ©
antigen [Theel@MeiqgonyinesirtBQ IS8aGaOdsdA. BEBesoHL 4414, Merearirensoedesy Sitn Ni
involves the capbinrmdporef, apnerRospROYANGSA andaaRaARGAMN ARANYAtBenRasticallarly
the combination of QS21 and 30-MPL as disclosed in WO 94/00153, or a less reactogenic
composition where the 0321 is quenched with cholesterol as disclosed in WO 96/33739. A
particularly pdleftrhajusambiatiatiforretaittvin gtis fnmyoegsnic £omeselioRerbithe dnventian
water emulsiowispdescritbd miVQ 3514 219 utthenanegehs dieetatithenintiia grageavtsisting of
composition aRFHIRRAISHTARE 3 andhABP LA, WHSH ARy BERSda T Redaimliaiar.may
ylated Cp

also corﬂ rise &]oil in water emulsion and tocopherol (WO 95117210). Unmet

containi Q olié\@ LROSRRIRL RPERdR 1D AR 19K BERL o AR R BH Btk RASH SRS R48btides
p00226757 and W0035078221 are also preferential inducers of a TH1 response and are
suitable for use {oriig %ﬁﬁﬂ&@fﬁﬁemi?%téiﬁspﬂ”iﬁlé'%ﬁ-ﬂ%‘é@ﬂfé WmirprapqiRd iﬁ%i?ﬁe

group of metal Salts, oil_in wate ulsigns, Toll like receptors agonist, (in particular Toll like
receptor 2 agg%%?‘s’ff'ﬁ%ll‘#@% r@Eé’pig%'saa 8PS ﬁﬂ‘@?@&éﬁk‘b‘i‘%é@&h P SHAiRRPELBR ) 7
agonlst, Toll lIREedprind b dBhistransaorel likdAretsdpioseCadtanistMgapdrinsportenrfiltthations
thereof. 25 AmBdjtiasporitat SpRIBSIbMARGHEBCTNRBRMMASHIORAR RS dRy@ietian are
bleb or outer membrane vesicle preparations from Gram negative bacterial strains such as
those taught by W002109746 - particularly M meningitidis blebs. Adjuvant properties of blebs
can be improfedipyeetampinations firoeiRiss s den dmiminogenic scefaresitiog . ahrbagihvestion
extraction witbdeprisen@ipsatians, o, detesosnirlier dnstnstsRiebttordponchrRiaiebndisdf@n
be detoxified FHHQE =) or htrB(-) mutati discussed,in 02/09748, Adjyvant.
properties carﬁq also é‘?&éﬁg\?e%é: bgargst%?rr](ﬁ%g Iad(t)%B%g%d I(s)%bﬁ%mf r'g{v%'v%ﬁ%nﬁo&%e)rf%ﬁ’ '\}'
meningdCoccAPhdBEsHARIv AIRhBieHEr b7 axiRIS8 SO B RR BByt tRAR ol 2P Satr core
saccharide structure of LOS on meningococoal blebs - for instance via the 30 Igtf3(-) mutation
discussed in WAZH0/AIAATEAlSBIERs e plTRMEIANRS LABa Sy 9 ed flams,
msbe(-) and/orrIT%;tB(-) strain) can be purified and used as an adjuvant in the compos?ﬂons of
the invention ©C"PESHrtHelrB48| BV ACwHicK miay? ¥ FsEHtREnAHB Y RRSIRSh EQT thhe igtRitition
may be 35seksgtgstin®nofthengrangutiomsapb BQiptcids porerdetbdativesdierasdCanHarA, Mg2+
mmUnozSMURIBLrAISIUCIRPIED S8R BRI SO SBRR' R OF IR Futant,
emulsion or c,%%)\gatlon$§hereof. A further preferred adjuvant is a metal salt in combination
with another a R aP%s ﬁ?é\ferred that the adjuvant is a Toll like receptor agonist in
particular an agonist of a Toll like receptor 2, 3, 4, 7, 8 or 9, or a saponin, in particular 5

thz 15 Itis lfuw\mrm@_fwmdmaﬁérthsf asHstymet rﬁy%]}cﬁeﬁnrﬁliﬁmegi&ﬂé W¥epbdmere &diHyaF?%rfffaml)
the above lis rtic nations, preferahly contain,a saponin (in particular Qs
adjuvant and,cc)lrﬁl' 6‘19:% 5% Iliﬁ%[rgem(?ecﬁé?' 'aiggrnrlg"sstus'{t%ﬁ aa{‘g %e@piﬁ?%%‘ﬁFE‘?’ﬁ’gﬁFn r%‘?{)og%nrﬁ't%'&%?f
oligonucRotif8MHRAE RS ARCcbAMSRERENS ottt Saptsrin 9P tminertsoitantia
Toll like recepid€ frargponitsr saiphactexinpaipldesiphiasL il 7S R nitg3t] fdeasypted desinative, 3
DMPL, or a saponin (in particular 0521) and a Toll like receptor 4 ligand such as an alkyl
glucosarninigg P'%%sgphate Particularl FEilrefer_red adjuvants are combinations of 3D-MPL and
0S21 (EP 0 &71875 BB BN AN 0L RIS s B ipRLRRySRcVASMReRIesS 9 TRy cnvention
95/17210, WePmgrsed 1 4)tolysior 80-MP 2 faintuletddl futheothetigeasrieete (e Or@BotHS4rBUY).

35  consisting of immunodominant ABC ftransporter, IsdA, IsdB, IsdC, HarA, Mg2+
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20such as a lipid A derivative particularly monophosphoryl lipid A or more particularly 3
Deacylated rnonophoshoryl lipid A (3 0 MPL). 3 0 -MPL is available from GlaxoSmithKline
Biologicals North America and primarily promotes CD4+ T cell responses with an IFN-g (Thl)
phenotype It can be produced 25according to the methods disclosed in GB 2 220 211 A.
Chemically it is a mixture of 3- deacylated monophosphoryl lipid A with 3, 4, 5 or 6 acylated
chains. Preferably in the compositions of the present invention small particle 3 D- MPL is
used. Small patraokpSteiiPRitGali AB&rticiesprtes uphth &bin maghbelstier ik Siltere  36Ro ugiaat,
0.22ktrn filter. fueh RieRAGASINAS are described in International Patent Application No. WO
94/21292. 30Synthetic derivatives of lipid A are known and thought to be TLR 4 agonists
including, but not limited to: OW
74(2-deoxy-6-d\[JudegixgopipFatigndet eteieiny | dxyistrimdscageyiaretnpidsiion of the invention
ggolsphonﬂ'lldanﬁi_ﬂ@%pmﬁﬁdd|12§(B)£0\F/‘\lsgﬂgﬁ¥1¥?ﬁﬂ§@%6 Mg@%ﬂgp%r%p consisting of
glucopyrano rogen ate . ,
--3--[(R)-dodeé@ﬂ?ﬁ%’?&?gﬁgggﬁéﬁ?ﬁﬂ'4982‘0-'88522§é%124)’?ﬁ%%£§ ranShorter, SiC, N
3-hydroxyletrﬁﬁé&éﬁ%ﬁﬂﬂﬁﬁmdﬂ%@ﬁnﬁi@ad%ﬂ HaP-isidnfy ardigeh Hofodarard Bapdoo
'64301 and WO 0010462 ) OM 197 MP-Ac DP (33-, 9R) -3-[(R)
-dodecanoyloxyt G3 rﬂﬁf)( in0lr4-0%0-5-a78:9- . . " . .
[(R)-3-hydrox3)}§a$§a@g§anoy aﬂ’r%qﬁ% gc"ﬁ%’%&ﬁ@%-'%@Lg’r%ggeghcoﬁﬁrggg 'g?g 106-6&3 invention
arninohexX8no YIS0 BUE13Y) 1020t PTe REhgLrHgsIRiEparay e bepme argaisting of
Gluoosaminidénphosphaiesn{ AMERSs)rsosdudes thae tisblosea,imi)9850832mpoSH38884 i
(processes forueRarRIGAPIARE 18 AR Uk ASEL L AlBRAHIARC RIS B SRPIaRle alts
of AGPs as disclosed in US6764840. Some AGPs are TLR4 agonists, and some are TLR4
antagonists. Both are thought to be useful as adjuvants. 15 Another prefered
immunostimul&nfuidraiseombihatipre séntroteientiortiie QuimukegedittscdenpealivesoQthe Anigation

saponin peepasapRsiIstrd SMiie PABNARRECANTSR QUL FaRahadrMnRiang was
first descrlbedi as Dr%\qg%ﬁg#vaég ?CtIVI%/% [Payégfﬁ
Archiv. fur die gesarnte wusférsch[?rqa? 48, o] fige

tal. in 1974 ("Saponin adjuvants”,
T Bty T PR S, N
Purified fragméRfsttsnengrten #ahe todaralpbidtdn hidSirar & 36 outenhiRAftjdearnddisddy
without the toxicity associated with Qui: A (EP 0 362 278), for example 037 and 0621 (also

known as GA 21 -21 is a natural saponin derived from the hark qQf Quillaja .
NPINRTAN N Lo T R et Sl
IgG2a affibodPTeisehsedehand d prelefratiSspbenartisrnafelesiobitoor tieoprersarsisiaavn.
Particular formmtatienisrain@p2Abaveheside saiaddshieb@repartiogy v aigiersed site sk

formulations TBBEAIAIRAERC ARt Eoh WSRNCKY S8 e PRRORINS-IORRIDGER LR Hig Lresent

invention may be separate in the form of'mice mixed mice

A further combination of proteins in the immunogenic composition of the invention

25 comprises SdrG and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC. HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant and RAP.

A further combination of proteins in the immunogenic composition of the invention
30 comprises SdrH and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of

immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni

ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of proteins in the immunogenic composition of the invention
35 comprises SasF and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
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30 (preferentially, but not exclusively with bile salts) or may be in the form of ISCOM matrices
(EP 0109 942 B1) , liposomes or related colloidal structures such as worm-like or ring-like
muitimeric complexes or lipidic/layered structures and lamellae when formulated with
cholesterol and lipid, or in the form of an oil in water emulsion (for example as in WO
95/17210). The saponins may preferably be associated with a metallic salt, such as
35aluminium hydroxide or aluminium phosphate (WO 98/15287), Preferably, the saponin is
presented in theferpdomniipoABt erafsSeIMeRT IBdAQilsHBVRET, eHathsi GRy2A trendanee dSHystem
involves the ¢ ipati 0 lipi I ified Sdipd onin
dorivative, parteon e S Pe et R L R (P8 Sonss,
or a less reactogenic composition where the 0521 is quenched with cholesterol as disclosed
in WC 9613378%uAhpartmubénbfigpotenpadiingaint foemoiationgeniolemgpiosiigphefotheitinvantion
without 0521 ad{ais3D-KibRe- BbAD Gildn Yates, emirigian iR FarfaRIsMWA ot 17d Grdlp
one embodiment the immunogenic, 10composition additionall comPrfliEas asap?#nln, which
may be 0521.‘fﬁﬂﬂﬂwgstﬁﬁd@%&lﬂ}ogﬁ%%"&le‘%%(aegﬂ?sﬁwe&théﬁblI-‘°1 ol trt-rRME2
agonist may alsndrenteie $MheNordBsirtsahefigtetuelebiidexinioalobe toxindjdelnter di 3t chutentbf
the present inygpiRRERd#GAcONtaining oligonucleotides, preferably containing two or more
15 dinucleotide CpG motifs separated by at least three, more preferably at least six or more
nucleotides. A CpG motif is a Cytosine nucleotide followed by a Guanine nucleotide. The CpG
oligonuclEbtidésatipe grasinatinn ehtisateins typiballimieoegenislcetiorasitiona @rdferievention
em?odiglwent tb@ﬂaﬁeesuimtm ir1,tlzpsfnﬁgfarsﬁemdﬁt@e_ﬁbeéab@(ffﬁarr:ai%tgr_&rpm&fsﬁsﬁn% of
preferably a p hlo althou osphodiester, a r 20 intemucleofide,
bonds are within t@l@%‘égggaﬁgr}g%%sﬁﬁgﬁeﬁgg'ir%ﬁ%d%t? é\?%?rrlg\'hg}@?gperagf ?ﬁg%v%ﬁ roﬁ'
are oligonucle¥RadeRsrA RN hierRutRigEnhidsy s HATRTBUETH RABdienayd SsaA.
phosphorothioats oligonucleotides or phosphorodithioate are described in US5,666,153,

USS,278,302 Al 09010823 amIBles A pieTRsshalang clsatidns iy b foliuing

sequences. The sequences prefe ?&contam osphorothioate modified internucleoti
linkages. OLIETATSEN AR ) Pot 1@ aher pgenTepiaeies ramdiserespepisslioord
(SEC) ID NOiz)nti@doC@enASHET Grafs iofdr, GAA, (IS¢l kdB3)Har@] Ne+3(SRIpditei Git8). INCC

GAT GAC GBS dnsiRd: GGl ég% kifH38L - K SR RGN ORAR Ak TP SEGC i
TGT CGTii GTC GTT (CpG 2006) OLIGO 5 (SEG ID NO:5): TCC ATG ACG TTC CTG ATG

CT (CpG 1668) OLIGO 6 (SEQ ID NO:6): TOG ACG IITOG GCG CGC GCC G (CpG 5456)
Alternati@ CpGlathgsncaidinaios mhpwdeinsrise ttree ipneferweenze goeposiiaboiehn that@bthey

have inconseg Rl delpinaiaiof additiopssiAgifiPatiGens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

25 A further combination of proteins in the immunogenic composition of the invention
comprises Cna and 1, 2, 3, 4 or § further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

30 A further combination of proteins in the immunogenic composition of the invention
comprises CifB and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.
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The CpG oligonucleotides utilised in the present invention may be synthesized by any method
known in the art (for example see EP 468520). Conveniently, such oligonucleotides may be
synthesized utilising an automated synthesizer. The adjuvant may be an oil in water emulsion
or may comprise an oil in water emulsion in combination with other adjuvants. The oil phase
of the emulsion system preferably comprises a metabolisable oil. The meaning of the term
rnetabolisable oil is well known in the art Metabolisable can be defined as t'being capable of
being transformediiemeeatiinialion (@ oprateis ilfudbeatiotrviegiesit Dictonsiten\VBths andertion

Comhpa_ny, $5tﬁéﬂp@&i%ﬂ_\%ﬂﬂ)h,-§h§, qibmmrh%@émd&&eéé\btﬁeeihéﬂﬁhh@gm@ai%a)%keﬁng of
synthetic oil, which is not toxic recipient and i p [ ansrorme : .
metabolism. Nstm L’s%ogag"é?r% é%é%?\%ag?g%&% r'ﬁg'g s%ﬁ?te%gg' \?(Iaaégtaqﬂﬁg?)i rsa.rgglﬁqﬁ(réé'to(%ls'\gre

also part of thi$\Bfe&afienpaere abkiie issitcrirbarieie gl pakiaiBismetans BAEh AR RECISERO and
others. Sqaalene (2,6,10,15,19, 23-Hexamethy1-2,6,10,14,18,22-tetracosahexaene) is an 15

unsaturated oilwhjgh.js égjldg%;ﬁc,'ﬁrq{e g;,]&g%

sat _ S el S laver e,
olive oil, wheat germ oil, rice bran ol g/east, and Is a particularly pre erred oll Tor use in
this invention. STRIIEFR WPashetdbdidadié Bibiviheuayeane sslectedimmsths srrupheeRistom
the bipsynthesdrﬁ Mmhmemmh(mamkénmet%,&dﬁ&m,Iﬁiﬂry-latABW;QQmeise(ewC, Ni
viamin E) are alro Rlipa8e it UpRIRATHIANG (REKIRAE RaBTadiSRERLIRE WO
95/17210), Tocols used in the oil emulsions (preferably oll in water emulsions) of the invention
may be f Rnulated as described in EP 0 382 271 B1, in that the fowls may be dispersions of
tocol droplets, ddticheigoobinatismghpretzinsiiie thefipretecgelyid essripagitibrmiréhe imvention

diameter. Alte@aiiralys thelQeaA ey be ysed i £55 cpmignatipnmdtaanataeroil. sforathe
oil phase of an all eE'nuIS| n. Examples. ofa(gi ulsions which may be use gzéccgpﬁ?matlon
b

b
with the local &1& deseibd PR 0 mEBA5BHEEhe'BHE d&€Erib AoiMpe*
water emulsioffaspariantSiier b ABGetiseeprdaygiihedashealpbeftdas HapkvantBGR mutant,
compositigns (AP 0a3p A8 8EHA also combinations of oil in water emulsions and other active
agents have been described as adjuvants for vaccines (WO 95/17210; WO 98/56414; WO
99/12565; WO 99111241). Other oil emulsion adjuvants have been described, such as water
in oil emulsiond (Lthes £embinetior of 4Boteise B henMMuneCRDisil sArPassiasnRiSfsnéesion
5,424,067;EP é>#80s88158)AAhef 1hich 4aiis fukeier eplgeihs IEIEksan Sy SIeMsdip Baéistarof
when incorporﬂ{mg f ' C osifians, of,th t inventi St
preferabl the|0|l e&%&%@aﬁoﬁgtgﬁ%oi él?ﬁ %vgg%‘ér? ségngu I%%erfs?ﬁﬂﬁh@légga%hsye%%h %Erlncul\l/ﬁher
such as TWEPRBRARRI0F Lrbroloxii 7 ekedrytEifo pr AIBRBiaI A o RAT ARRANGPe%rably
oil-In-water emulsion) comprises a metabolisible, nontoxic oil, such as squalane, squalene or

a tocopherol SA'%rﬂ%@'@&ﬁb?ﬂ&ﬁ’d?h%‘ioﬁé\%ﬂs“ﬁﬁ@ﬁ%?l%ﬁ%ﬁﬁ%gaée%@'?&ﬁ(ﬁ%?pﬁe PEA fCaRRAIRN

and optionally an emulsifier (or surfactant) such as Tween 80, A ster erably cholesterol)

may also be ifR08E$S15TREMethdd briftbaiiher Aiansaslesaa i ERnd R HRIPKGOSIHIRS Ble
man skilled inittretado@aamh AElQ, MaespmthodsdﬂmpdseshsdcxihgrmeMgzal{mmpairt_'mg Siit_:phrase
with a surtactapicsshspsr s WHENBRTEIRlkeN. igiswatay hemogeR SRR 4eing a
homogenizer, it would be clear to a man skilled in the art that a method comprising passing
the mixture twice through a syringe needle would be suitable for homogenising small volumes
of 15 liquid. Pydiemieriremhinadificadoprgesseds themiovoficdises (daboStivticrdfithielids/ention
Lnac(hine’ maxjpipnses SOIpassna, erZ?S?WKLQSb%%BFiBhﬁ %@tﬁamqmnﬁigél%ﬁd%%i&fr@
ar (output pr r)).cou n the ar ,
produce smal er%%%@%ﬁ#ﬁnae%eo?%ﬁﬁ?ﬁ%.ﬁﬁ%%algégp{% %‘nﬁcagkj%?a%ﬁlnes\r/’g %y%%rtiﬁb
experimefitatidRCHANSASHR, Henmioxew ARha i dT HRSkas iRt ewantiGABnira 20bPspAration
was achieved with oil droplets of the required diameter. In an oil in water emulsion, the oil and

emulsifier shoule,Agetn QBB SEHINRInd NR ARG AESEAE BB RSiIGH BFEP Fvention

phosphate buffered saligg The size of the oil droplets found within the stable oil in water

ld ) o
emulsion are S5 BIETRr 30 Tef8%nkf 1 milFbR YA BeiePRSEiRRRidrne HRYhyonsisting
30-600rim, prefférasigosigpsranti ABCransrdrsg, SedhrisdB disthe téar/aridao sapseteiabbitC, Ni

35 ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.
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emulsion. An emulsifier, such as Tween80 or Span 85 may also be present at a level of about
1%. In some cases it may be advantageous that the vaccines of the present invention will
further contain a stabiliser, Examples of preferred emulsion systems are described in WO
5/17210, WO 99/11241 and WO 99/12565 which disclose emulsion adjuvants based on
squalene, a-tocopherol, and TWEEN 80, optionally formulated with the immunostimuiants
0321 and/or 30-MPL. Thus in a particularly, preferred embodiment of the present invention,
the adjuvant of the invention may additionally comprise further immunostimulants, such as

LPS or derivatixefiAfbingsiesinaRe/ O SHBRINESn BK8 MHAIREB5EHIANESHPTBUBO SMHEHARN

described herein and in " cin sign,- T ubunijt and Adjuvant Approach" 1995, .
Prarmaseutc BRI R 53 8% o S gt aflorne <leéd HenlIBE S Sorisitine o

Press, New YdJmRa#iRdosHern, ABB Nransoster4 6. Xsdb | fsdGorbiasfrebigdp denshertad) Rkt Mhd
immunogeRic KBONRSIINIGEERPEIBIH IR BYRNEEL eGP MEBFSMaSaPRAN) fkeiapdin0321)
and/or an LPS derivative (preferably 30-MPL) in an oil emulsion described above, optionally
with a sterol (preferably cholesterol). Additionally the oil emulsion (preferably oil in water
emulsion) may c¥afh SpARIBRfianHbPRataRTniABRoMFAINEAMNC ABIRRIHS G itsiltyeation
oil-in-water emuaisionisea 2@siecolibthdirgapotin and desyrihedansVilAH9/AiRilgebs selectagpiesty
for human adnyigisfeafs _r'iQEtﬁ@%%@éﬁfﬁp%tO%Xéﬂ%gﬁéPI§_0‘A?ﬁydﬁ'wgd@r?@%%%%

3D-MPL) will be present in a human dose of immunogenic composition in the ran

2004, sudfl as" TR0, PrérdVhbif G GBGPEL g RIAGHE: BRNRAMIEBH ethIsish mutant,
(preferably oil RARA@p @endLifisiak) will comprise from 2 to 25 10% metabolisible oll, Preferably it
will comprise from 2 to 10% squalene, from 2 to 10% alpha tocopherol and from 0,3 to 3%
(preferably 0,4,- 2%) emulsifier (preferably. tween 80 [polyoxyethylene sabitan rnonooleate]).
Where poin o e aFTRERIE T EL TETAE e AR SRaER G IRRIRD o hiGmlEtenion
alpha tocophetolripregudittinogéassindiag greisithisprovies & ondréughxslerdigansisrieSphiiBs
(Sorbitary elriolaﬁéearaaaml_.s@.tb@ ar%;mﬁeomiﬁam\m&@éseré%fﬁam%em u&ai@nﬁdm?mgg,the
invention. In spme casesdt . vantageous that the immunogeni mpo sa
vaccines of th%}rg ggtf]e{’ié\'/tgﬁ%r? ev%% %ﬁ?ﬂ?@&f%’m%{ r? 3 ts‘:’ﬁ%‘t%’iI|"’§FB]'F',afg‘arq('er;«aﬁmp e 6tﬁ§#&? mupant,
emulsifiers/sufta€tiB aRERRAAG caprylic acid (merck index 10th Edition, entry no. 1739), of
which Tricaprylin is particularly preferred. Where squalene and a saponin (preferably
0321) are inclyded,. it is it t include.a s refera holesterol).to the .
formulation as%hﬁi'gtgﬁévsgﬂé%&%ﬁééﬂgﬁﬁgt%@ O@U lﬁeﬁléﬁ{éﬁhﬁ% ?ﬁe'ﬁ?ege%%?s%'jfﬂ” Tgfﬁs}qgafa\ée{gl%n
reduced €st 6P RRIIaFacERAUIAIEra08 mbneoBirfe SverkireerABtigentheelpatedEemnthariiauio
qualitative andansatititativie inpupvesnansatoiABe readlptdmMnedns resiBNeRIs, SHehas Mg2+
improved IFN}pra lonypcqarding! JUV, in | icaliy
comprises a rartio g?ﬁét?ﬁﬁisﬁble%lﬁ%%@rﬂ% ﬁwﬂ%ﬁ? t ﬁ(ﬂ%ﬁé@%ﬁ%ﬁ%{b éé;%%ﬁlgﬂ a s%{% e
present invenfiol APRI4,S88n a low oil” form the preferred range of which is 1:1 to 2001,
preferably 20:1 to 100:1, and most preferably substantially 48:1, this vaccine retains the 10
benef'C'@lsadlW%FtriéfroEsmtﬁﬁa%ﬁ"&fdﬁlﬁeﬁ@ﬂﬂ%ﬁnﬁdﬁﬁbfﬁﬁuwnﬁs&lﬁ&? EF AR UR/RIbA

profile. Accordingly, the particularly preferred embodiments have a ratio of squalene:0521
(w/w) in the raf &elep{% ?75%3 %@oia%.?bfaﬁ%ed S s fszﬁpﬁ&MBRﬂiw &
100:1, and mésmnuneraaisignt ARCatraasigonsr] Iseeféadiblysd GtdtetAnTdge brisfosabiechBitesttiol)
is also includemdpresssoren sk ehanRMHASIGNG t despERaduiaieraip; Aap IRekaIsion
systems of the present invention preferably have a small oil droplet size in the sub-micron
range. Most preferably the oil droplet sizes will be in the range 120 to 750 nm, and most
preferabl{) frofh 1EHSS0RAR RRERANRE teFotRI ictNariipvRegeRls LCRRFsHintI AliShe bV eitate
combination witinphEe© MAR28&nthd jIAALK 0g & hicticarapisitio ssledttaeimiamnd groum voheisiray of

saponin (preferaklyoBBRiadnAgeSIARAINe RTetaRYide MBI g ANRIhEMHEIASc Ni
described in WO

35117210 o1 O SATAGRR SN dAHNERERHAE AT A AT Teife 1)

25Examples of a ILR 2 agonist include peptidoglycan or lipoprotein. Imidazoquinolines, such
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35 adsorbed onto the same patrticle are described in EP 0 576 478 61. EP 0 689 454 61, and
EP 0 633 784 BI. In these cases then antigen is first adsorbed onto the aluminium salt Sowed
by the adsorption of the immunostimulant 3D-MPL onto the same aluminium salt particles.
Such processes first involve the suspension of 30-MPL by sonicetion in a water bath until the
particles reach a size of between 80 and 500 nm. The antigen is typically 5 adsorbed onto
aluminium salt for one hour at room temperature under agitation. The 3DMPL suspension Is
then added to thefatieorben Amtgan dnpreleinfonmibatiomisagentcatedatsiiom € rpeiatardidor

antigen are o oo . o S gt Ao Scted
[ [ , 1S I . . I \

process comprfl?so athee UG48 %Sg?%?ﬁ:[ﬁﬁ‘&?irﬁ Er'oﬁ%gﬁﬂsééﬂ%asgwﬂgﬁlti8?8%81d&%‘fi’
by the adsorptigehBf Eestimbiyeing nroteindEreSim BRRIE it §RIrtsie e o®EY ByrtheSairfgice,

the dLscrets r;@@@pmﬂicmﬁ_a&feem sageipﬁbﬁtrﬁ]@@ljwm?tm. @?,imﬁgﬂdwﬁéﬁméaﬁ(ﬁfiﬁi&n
may be an adjyvant POSItioN Lompr imrnunostimulant, adsorbed onto a metallic
salt particle, 1§ (s:?%rg?t'g'riggg iqri t%%?%eﬁr%]gtgh@%%%"balr?%@igrgh%%tﬁﬁrt'fgm/e%‘rgén%qp Sthere™
antigen. Furth&AaaHBseddiaiNdaFa@nhroigde B atiexiprddeh ot ontant BAE ohvep acthiged in
that the immunostimulant is adsorbed onto particles of metallic salt which are substantially

ree from othenchliie: anbihdit e daiss ARl sghushanato 60 RS

t
antigen are substantially free of other immunostinnulant. ccor e present invention
provides 3 adjBVRABTS ARG cdmbAsihg AR RILIReNA SAleRALH A SERHR F9BRIRIA R0
a pfarticle of a Iamta‘Hliqmb;arhﬁiMWiinat%dmmp@&im.nﬂbwtﬂtaatiﬂlgl;fnebiodioghﬂrqtein
antigen. 'V'0reQ;ESbs?'g'E@Mﬂﬂtéﬁi%'@ﬂ@m,CéﬁAt?esé‘Fb!r%%F@eé’@Eh? %@Psﬁ@%@béﬁ fliLyant

is used, is requijred for the manufacture of a vaccine. Accordingly there is provided a process

I
for the manufaCiile 6P88: & PR JIRERIMBrisIfy SifnikhiRg-Pashu (e RishpodtioRinieARs!
one or more inS$R20 B LIS eatls duibeidgoprimiedn nfibtamogant ihelingt rateiantopu Rec féiga My Pthe
antigen hess b%e&sﬂ%y@@m%&mmhﬁ ﬁﬂﬂanﬁ%ﬁ]@@ﬂ!&rﬁ%&%y be identical or
similar to the metallic salt which is adsorbed onto the immunostimulant. Preferably the metal
salt is an aluminium salt, for example Aluminium phosphate or Aluminium hydroxide, 30 The
present inventforfytingieeproinatenter apieieitine doenpositorgeoinmesingsitiomuriotittminkention
aﬁsorbed_onéwam#ﬁkﬁmrém%aﬁ&a ,rn?tﬁllli&?qﬁlalfuﬁﬁ@ aﬁﬁ?@ﬁ §Q§9l@2?ﬁoﬁmﬁe3gm@_§?&ﬁs$§ilégsof
characterise at first an rticles. of metallic s re r articles. or
LOS derivative!%‘ﬁ?%ﬁ%%%%ré %ﬁ%@%‘ £@W@a§f0e@%8§%ﬁ@e eré%%ErBéaéEasélhgnntg@ 0D RIS
toxic (e.?BD-{ERMPrFrPri&iRk: BEbpuliRene kaiid Ssin Pdie iSetthderfe dinasseqarile Sestvith
respect to anyrasas RitBesaINOIR E3EERsF R atbasscitaAMANS £RbEABNSBPthe SELY amsP,

lochniques fropy o ERLL e i BRSO PSR (ROMB i
optionally a stel¥13deen H35L1RSIESRE sy tast & RpA38 e &§3fers may carry lipid A derivatives
[such as 30-MPL - see above] ar_1d/or saponins _(such as 0321 - see above). In one
oy S ES SRR Sl
0.05-15 o.b%’%?@?fé,eé.%i.*&@ﬁﬂ’ﬂd&%ﬁ?ﬁﬁ@'@%ﬂ@%ﬂs,se!afz@ﬁ&?@.ﬂsem{&fsnﬂajrig{@m:
(for instance dhtiisteechp®Br6S/tCOVBE;/oaIR6-BDding(ergte1 EPHA-FDHhBO FRE:1iBRiddngr H6t¢n)
lipid A derivatiggfoy instanae3BMPhlidyh SR, Kukd, B0 SRHtaBa, B, 425011520
30, 40 or 50 pg?,sggggig‘ lg}g; psggné% #I}é) &2@ rodim nt A%gg%ijgva% sr#()jl?qé%%ée
compositions 0 ﬁ?é |n\/sehthn c'orﬁanegaan Off | w‘a:@tp emuIsion Rrade Trom a gﬁa%cﬁ§%ﬂl‘e
oil (such™®s sgirfichd]BBn \Gtenestie birdies RIS RCERBOPARD SRS BN aceraslFeRIdFigdADha
tocopherol). Iraiphe texi) atbhzaokia (85 acHAERINCGMD A3ES Aapraddswaadose) 0.5-15, 1-13,
2-11, 4-8, or 5-6mg (e.g. 2-3, 5-6, or 10-11 mg) metabolisable oil (such as squalene), 0.1-10,
0.3-8, 0.6-6, 0,9-5, 1-4, or 2-3 mg (e.g. 0.9-1.1, 2-3 or 4-5 mg) emulsifier (such as Tween 80)
e e
alpha tocop P | t optienatlyofust nap -6Qe oor 2@- o]
35  consisting of laminin receptor, SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin
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This adjuvant may optionaily contain 0.025-2.5, 0.05-1.5, 0,075-0.75, 0.1-0.3, or 0.125- 0.25
mg (e.g. a2-0.3, 0.1-0.15. 0.25 or 0.125 mg) sterol (for instance cholesterol), 5-50, 30 10-50,
or 20-30 mg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 Mqg) lipid A derivative (for instance
3D-tv1PL), and 5-60, 10-50, or 20-30 [kg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg) saponin
(for instance 0521). In one embodiment the adjuvant used for the compositions of the
invention comprises aluminium phosphate and a lipid A derivative (such as 30-MK). This
adjuvant may ¢imipgsedipier (E5p8)L ks ¢! R) G5 AuRDEi6,00if Ar SO0, 4B00igSA B SSanGN Brid)
phosphate, and 26Q,iA8eRp 28538, aHL-8nbalendOchB; #%»@%&Qé‘qs%ﬁ?sm@sgw%s

derivative (for ipnstanc -MPL). The vaccine preparations of the present invention may be
used to protecggt‘g f?eagsj’[')io'?‘ﬁ mAESGER R f@tB%‘T@ctﬂ?H,"?ﬂﬂEg g‘%fpé%tﬁ\%ig?gﬂﬁds?aid
vaccine via sy$tenitABr imosoedbmicast ABESeanshonieististioisdmadgd@ctieré. ihjgétidransadtier,

intramuscular, ntraRekiteneas friad espaharssrcutaneous routes; or via mucosal
administration to the oral/alimentary, respiratory, genitourinary tracts. Intranasal administration

of vaccines for the treatment of pneumonia or otitis media is preferred (as nasopharyngeal

carriage of 15/prdtiifioceathinaliPheomeretaitidatitislyimravesaertc thosrasdivnathdhnfévoticat

iés earliest sta@ebndhkboumhatww?mm mmmoadrmayzbe,aldcmmfat@f@@ﬁ@ar@iag&ted
ose, compon r 0 -administe ti r

diferent nmesnz?é? oL Sy S Ratler e e e T,

at the sarfe tifiB"6h Elasiinirdingteroinis AehAmistrRigriRr aR) Bucktial pidreRdCompthaiirbs

20 the vaccinestirGoptiriataepy dipasioGepit SasnRibR, el Ges Glit) reppetipuseashngrhay).

For co-adminigigog piesapipnakh Ag AL RIS IR SLL2A ALAL oE RATeien!

administrations, for exarr]nl_ple it' may bé present in combination with the erial pr
9y

component of SABSYRSEMEE) MATHiBR1BOLSINARt ARt ENSERRRTsBLhols 9B dificre HardyieRss
administrationtrasgpbten s, Ko ABLarapdeppalysacaehdi$des. may be 25 administered IM (or
ID) and bagcterial proteins may be administered IN (or ID). In addition, the vaccines of the

invention rnayAbeh‘a}ﬁlministered 1M fzrgrim_ing doses and IN for booster doses, The amount of
conjugate antige TN EaSRTHRRIE £bR el B8 ADTH QAR HERARIISH iR /@ Jnygntion
immunoprotectieprisssdtARk aninb’, Sighificaiftrthelventigesisetefftect fromtyis@rbvacoirsisting wéh

amoun: V:;i" é/amﬁpeéaéﬂgrv mawﬁir?v%a%%ﬁmlna%eﬂ.e@%&nmwiﬁygélaélﬂ *fmuniigi%rotein
presented. Generally, e eac se will c ri A [ ,
polysaccharidﬁ%}bsEEO%O%%?'O?@%%: ﬁ%ﬂlﬁ\ﬁl I-c!)‘lf' Iggpﬁg %c‘)arr%b %srzé):c%%rr%desggﬁj Lﬁ‘boaﬁ%es.
The cont&ht of3shiteRnahtigiis finbfe Gam W8 \Filirgphtraie Dean/ Righr 8598 . IERBOFRS-3- $Thg
or 5 - 25pig. Fo)leismg\aiotitiah @ﬁ&k@mewbﬁmgmam@vsrl@mpwﬁg(géaé.bpg,stmp.
immunization S Yaccine preparation | rally described in Vacgine . ..
pesign (The S e R B R s e B
Press New YdRf E#rsaossiaten dfbosomes is described by Fullerton, US Patent
4,235,877. 10The vaccines of the present invention may be stored in solution or lyophilized.

Optionalls, thexslfign &8 NARIRE LN IR SRoEe AL AR SIS AS TG Pl ShalaRs-o

lactose. it is typical that they are lyop and extemporarieously reconstitute d[gnor to use.
Lyophilizing nfY"RESER 74 RS E<BabigA-8neolhi oy areint®: 1siMmamdoed SHadnReRtRH Riso
encompassetissid @nch &kineg oA | amch Bao@elsitAcamd piesiH dstBaard! \Gifci hetBodnt €1y ésdband
20In an embodyiemidHISnA"8aR5SRE BRI BHREIRABISR BGEOLIS sNakadryeRaingd cis; cira
and SdrC; CIfA and SdrD; CIfA and SdrE; CIfA and SasF; CHB and SdrC; CIfB and SdrD;
30 CIfB and SdrE; CIfB and SasF; SdrC and SdrD; SdrC and SdrE; SdrC and SasF; SdrD
and SdrE; SdrD and SasF; SdrE and SasF.

In the above and below combinations, the specified proteins may optionally be present in

the immunogenic composition of the invention as a fragment or fusion protein as
35 described above.
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comprising the steps of mixing antigens to make the Immunogenic composition of the
invention and adding a pharmaceutically acceptable excipient. Methods of treatment 25 The
invention also encompasses method of treatment or staphylococcal infection, particularly
hospital acquired nosocomial infections. This immunogenic composition or vaccine of the
invention Is particularly advantageous to 30 use in cases of elective surgery. Such patients
will know the date of surgery in advance and could be inoculated in advance. Since it is not
know whether beénilidtiens e lbbe@egneeside S. aureus or S. epidertnidis infection, it is
preferred to inoculate with a vaccine of the invention that protects against both, as described

above. Typically adults oyer 16 awaiting elective surgery are treated with the immunogenic
compositions alt\rﬁc? Q/Sg@fﬂég‘%?t' ﬁg lﬂ\%“ﬁt?gﬁ',“ﬂ@???&?ﬂ} Ariaiaveaiph s ARRRiRs L ibat e

surgery are treBIEEHARMAR AR ha gemBinaiehetrlehrstana: vaceras S A CARRINRS bibding
also possible t8MBRURfecHRERIF Garadherice g RHMRS Rattas RECSINHEDT RXEMRIM AT Ainsing
preparations oPtA&ipkesent invention may be used to protect or treat a mammal susceptible to
infection, by means of administering said vaccine via systemic or mucosal route. These
administrationsnmagtinaludenbij@ttion tuia afpanteam uaaylae icHsaneo R xiMYEade e/ Rally
subcutaneous delseRsdby iatroseRAt AGBIHIREIRA LY, 1ae SeRTaLalE ARIeSYe eI RMtion,
genifoLrinary Uesaiph RRAL BrARADGR 1 SRED KAREINCHHOSRIRARIAFIRY 5l ALION,
which induces i BHNRRTGYBRINE L3RRS WO SIBISANL AU TR, ide erfects in

[

typical vaccines. Such amount will vary depending upon whic spe(ﬁﬁc Immunogen is
employed and how it 15.is presented, The protein content of the vaccine will typically be in
the range 1 1%%@p S 868%%&'}&8%%'&?‘%85range 10- 25pg. An optimal amount for a
particular vaccine can be ascertained by standard studies involving observation of appropriate
immune resporféedTTeNBReRIS. FOMBAlignasomaEsivacanbBolREubjedts Bnl) Afccswisasakbior
several boostedomneRails dtirsirdadetigintelagiet duon? Ghaltgough chresistioginésiahitie peesetot,
invention may SitCadntWsstivechiraing myoteint e Hdvritnisk, sEiastio folhdirtte sretidie d BtgpS)i rErBigRBhe
skin (ID) formssBneaaiviaairosal gtilbe guesestinyveniiass BURIASskN) capMIsaBacUters,
"horny’ cuticle FepiedigageStiafn/PiSOrReHA) BpRicCE sparagpibeaRidinise MRAS HARRA s,
epidermisgs adgyseRlifRiihg &ggﬁrgbggrmgg%h%%@ @Axgrlays the subcutaneous tissue.

Researchers have shown that injection of a vaccine into the skin, and in particular the derrnis,
stimulates an i nnﬁurﬁ?uﬁe%%fés% vr}]/hic .may also. he assqciated with a humber of additional
advantages. Intraderma ac,cina%o%o)?\'n't?{‘thcéovgea?l%s ri't%'a'hé?r _ ¥ saan%?yﬁfiﬂﬁilar
feature of the BPELAPTAVRANGE. BO*Pie TR NI RRHHRHR: SATIBNe h AP RINR HSReRERS
"mantoux procatMM sz RiBd ngasetein clRlifinG R SistinAindinerPEatei Hiag SAitRFEHEB).
hand, an%é)witﬁﬁieaéi&w@f Giffadei gidiGe PrEdRI(26-Srialinas tabieltPuSashd S the, ebBle
is inserted at &nargf8,ditipétirmsel (saAPRACEthk, BEEE:ISHRe S8R dIeHS M ddinedctinebinding!

of the needle [gotein, fibrinogen binding protein, coagulase, Fig and MAP.

An immunogenic composition comprising alpha toxin, IsdA and an adhesin selected from

30 the group consisting of laminin receptor, EbhA, EbhB, Elastin binding protein (EbpS), EFB
(FIB), CIfA, SdrC, SdrD, SdrE, SdrG, SdrH, autolysin, FnbA, FnbB, Cna, CHB, FbpA,
Npase, SSP-1, SSP-2, Vitronectin binding protein, fibrinogen binding protein, coagulase,
Fig and MAP.

35  An immunogenic composition comprising alpha toxin, IsdB and an adhesin selected from
the group consisting of laminin receptor, EbhA, EbhB, Elastin binding protein (EbpS), EFB
(FIB), autolysin, CIfA, SdrC, SdrD, SdrE, SdrG, SdrH, FnbA, FnbB, Cna, CIfB, FbpA,
Npase, SSP-1, SSP-2, Vitronectin binding protein, fibrinogen binding protein, coagulase,
Fig and MAP.

40

An immunogenic composition comprising alpha toxin, IsdA and laminin receptor.
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lowered and further advanced whilst providing a slight pressure to elevate it under the skin.
The liquid is then injected very slowly thereby forming a bleb or bump on the skin surface,
followed by slow withdrawal of the needle. More recently, devices that are specifically
designed to administer liquid agents into or across the skin have been described, for example
the devices described in WO 99/34850 and EP 1092444, also the jet injection devices
described for example in WO 01/13977: US 5.480,381, US 5,599,302, US 5,334,144, US
5,993,412, US 5,649,912, US 5,569,189, US 5,704,911, US 5,383,851, US 5,993,397, US
5,466,220, US A 3ahiibehlS GratcRia cdfpih oarta 627, HoasR8#eH3. US 5,520, 639,
US 4,596,556, US 4,790,824, US 4,941,880, US 4,940.460, WO 97/37705 and WO
97113537. Alt ' intradermal. administration of the [ne preparations may
include cogve%ﬂﬂ%@%‘sg&%gﬁé J?I]gé{'egalggtng?s(i%%ﬁ:%éac}égfb#é% oﬁ)%%%s ic delivery of solid
vaccines (WO 99/27961), or transdermal patches (WO 97/48440; WQ 98/28037); or applied
to the surface 0 t%ﬁ%i?&@ﬂé@éﬁ'ﬂ%&‘ﬁ%ﬁﬂ aRpERYE deténA kRS 120734; WO
98/28037). When the vaccines of the present invention are to be administered to the skin, or
more specificaft) ISP eRiFRsRREtipacamerising anbategaidseslandERRa(EiRliarly a volume of
between about 0.05 ml and 0.2 ml. 20 The content of antigens in the skin or Intradermal
vaccines 4 thé\piasamtogeentionposijohesipilsindaiphaventiiase dasssas found in
intramuscular vaccines (see above). However, it is a feature of skin or intradermal vaccines

that the formulaHanmMBYRR dompeaEsH -c&ﬁsﬁéﬁigglyﬁmﬂﬁ?@&ﬁ ghYgRAS In low dose”

vaccines are optionally present in as 25 little as 0.1 to 10pg, optionally 0.1 to 5 ity per dose;
and the polys ' 'o&zﬁu ' .antioens may be pre, in the range of 0.01-1
Mg, and qgtioﬁl@ﬁéﬁt\% enﬂb,o Et{8 g@ye%a}éiggﬁgsa&%%gﬁ%%@ %%dssgﬁs used herein, the
term "intradern& delivery" means delivery of the vaccine to the region 30 of the dermis in the
skin. However, thE'THERIRD G APRBLHLRR SRIANF A8 HRO N BXISHARRA Mthe dermis. The
dermis is the layer in the skin located between about 1.0 and about 2.0 mm from the surface
in human skin ABUAEMAdRNE cemansitien samposing iitharibétiethandisddodsand in different
parts of the body, In general, it can be expected to reach the deeds by going 1,5 mm below
the surfage of Amerskimageaiclesmpedridncaiapribizty s togis Ssiratnanggrneum and the
epidermis at the surface and the subcutaneous layer below. 57 Depending on the mode of
delivery, the vaRGifiRURSY6HE BABbRG leGARRIRG abrO IRMM AT Wi iR the dermis, or it may
ultimately be distributed within the epidermis and the derrnis, 5 An embodiment of the
invention is a ing_Qr treating staphylococcal infectj disease comprising
the step gwm@@%&%ﬁg ?rgﬁﬁjgﬁ%ggﬁ?cmgg?ﬁ%g|oan%ng%%?‘n%né%]%%{invention to a patient
in need thereof. 10A further embodiment of the invention is a use of the immunogenic
composition of HETAVIARSHE FPIRRP RO AERHRING RIPYA (i 1f9ARBE MRt or prevention of
staphylococcal infection or disease, optionally post-surgery staphylococcal infection. The
term 'staphylofBdEaunegetisreasmasitpassosrisifecaiphadaxise ity andiSrzls and/or S.
15epidermidis and other staphylococcal strains capable of causing infection in a mammalina,
optionallgthunfariroshogéhie tempssitentRFpNgng SPRANGSA. 190l as@MBpses” herein are
intended by the inventors to be optionally substitutable with the terms "consisting of', "consist

of and "consigs fm&UGSHE CENBYIRPUSAPIBRGRSR and Sbi.

An immunogenic composition comprising isaA and IsdB.
35

An immunogenic composition comprising IsaA and IsdA.
An immunogenic composition comprising IsaA and SdrC.

40  An immunogenic composition comprising IsaA and Ebh or fragment thereof as described
above.
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All referenoes or patent applications cited within this patent specification are incorporated by
reference herein. 25In order that this invention may be better understood, the following
examples are set forth. These examples are for purposes of illustration only, and are not to be
construed as limiting the scope of the invention in any manner. Examples Example 1
Construction of Piasmid to Express Recombinant proteins A: Cloning. Appropriate restriction
sites engineered into oligonucleotides specific for the staphylococcal gene permitted
directional cloning of the PCR product into the &coil expression plasmid pE.T24d or pOE-30

such that a proﬁinn%gbjl%?g%.ex res qd %fu ioné)Dr.ot é’kﬁ?@tai”ing a (His)6 affinity
chromatography télg at tre N- %rn&?%%r'r%ﬁéﬁs.p{%mﬂ‘ne b?ﬁners used were: Alpha toxin
-5LCGCGGATCCGCAGALTCTGATATTAATALTAAAAC-3and 5'CCCAAGC1 3A

3GTCA3Crie1 71" BB ERNBeshiot er PSR & AT AT X TTABRRA M 335 dpscribed
5'CCCAAGCTPPRTGGAATAACGAI GT16-3' 15
afA5'-CGCGGATCCAGTGAAAATAGTGETACGCAATC-3'and

5'CCCAAGC 1 A MOTOTIHAGOTPCRIT FARTIVERI® comprising IsaA, Sbi or SdrC
EnbpA-5-CGCGGATCCACACAAACAACTGCAACTAACG-3'and 51CCCAAGC1I i TATGCI |
GTGATTCITITTCAAAC3' Sbi5-CGCGGATCCAACACGCAACAAACTIC-3'and 20
5'GGAACTGCACATHan pTatiges aTEesEahinitferans Ogial lineages
SdrC5.-CBCGGATCCGCAGAACATACGAATGGAG-3'and 5'CCCAAGCTI ATG1 I

CTTCTTCCTARLHGE e LG ShaSPiriM s RAGEA AR W BE GG ARfture of
Staphylococcus aureus showed variable presence of virulence genes in natural

populations of S. aureus.

15 Among clinical isolates of Staphylococcus aureus, at least five clonal lineages were
shown to be highly prevalent (Booth et al., 2001 Infect Immun. 69(1):345-52). Alpha-
hemolysin (h/a), fibronectin-binding protein A (fnbA) and clumping factor A (c/fA) were
shown to be present in most of the isolates, regardless of lineage identity, suggesting an
important role of these proteins in the survival of S. aureus (Booth et al., 2001 Infect

20  Immun. 69(1):345-52). Moreover, according to Peacock et al, 2002 the distributions of
fnbA, clfA, coagulase, spa, map, pvl (Panton-Valentine leukocidin), hlg (gamma-toxin),
alpha-toxin and ica appeared to be unrelated to the underlying clonal structure suggesting

considerable horizontal transfer of these genes.

25  In contrary, other virulence genes such as fibronectin binding protein B (fnbB), beta-
hemolysin (h/b), collagen binding protein (cna), TSST-1 (tst) and methicillin resistance
gene (mecA) are strongly associated with specific lineages (Booth et al., 2001 Infect
Immun. 69(1):345-52). Similarly, Peacock et al. 2002 (Infect Immun. 70(9):4987-96)
showed that the distributions of the enterotoxins, tst, the exfolatins (eta and etb), beta-

30 and delta-toxins, the sdrgenes (sdrD, sdrE and bbp), cna, ebpS and efb within the
population are all highly significantly related to MLST-derived clonal complexes.

MLST data provide no evidence that strains responsible for nosocomial disease represent
a distinct subpopulation from strains causing community-acquired disease or strains
35 recovered from asymptomatic carriers (Feil et al., 2003 J Bacteriol. 185(11):3307-16).
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5'CCCAAGCATTCGTCATCATAGTATCCG-3' 25
Ebh5AAAAGTACTCACCACCACCACCACC-3'and
5AAAAGTACTCACTTGATTCATCGCTIircAG-3'
Aaa5i-GCGCGCCATGGCACAAGCTTCTACAGAACATAC-3'and
5'GCGCGCTCGAGATGGATGAATGGATAGCTAGA-37 IsaA
5-GCATCCAT3GCACCATCACCATCACCACGAAGTAAACGTIGATCAAGC-3'30 and
5r-ACCACTCGAGITAGAATCCOCAAGCACCIAAACC-3
HarA5-GCACCRATCGRARMMATAGRINTACHSHRRIG 1 IERBAGEAKELke against

AGATTGACTALGIN R AN Hiferent clonal Iinezaées.
glucosaminidase5r-CAAGTCCCATGGCTGAGACGACACAAGATCAAC-3 and

51'QAGTCECQA@W'EJM%@,T@“M@E&&T@'C&Hﬁ%{tﬁ;ﬂ comprises 1, 2, 3, 4, or at least 1
atnidase5'-AGCTCATATGGCTTATACTOTTAC

5GCGCCTCGARES Ahﬁ W@ﬁ@ﬂ?@? Gs_gé%\eAsAo?gté%%glgcocci. Examples of such proteins
1sdA5c-CAAG TEREGA FEBOANTYRB ANG STaseinAddicsaest#nnbA) and clumping factor A

S'ACCAGTCTC GG toybibsel IIAGHREPT prE¥atonlVaiestine leukocidin), hlg (gamma-toxin) , ica,

cancoonTodIHERRUEAEAT TBRAR IS 9 T et a 2001, 4. et . 13
MRPI15-GH T ACHKS AT Priiont S1e Aza BisASRaHI(), SsaA, EbpS, SasF (Roche et al

51AGGTGTCTouba Gidesbicifdy T A48 THER(FTBS SE) TOrBP G pratis) FepBerpdiss! FBROMaped
into the pSEM-[; Sloping Ve GtabiNe VRgs bS8 d P PREIGE AL GG AHERT Mﬂ?‘ﬁér 4 Sm%%j

manufacturers instructions. This intermediate construct was made to facilitate

into an expressiéAvEeRs (RPshesl Rl ZABcHirahirigon A4 BnAIh MRRIePasie(Eore 18y al 2003,
restriction enzyhieratrialbygis1450| 48N P dstie tRiotheae?8p 208iq it abiblegye ddbos 48 s aanadized

by agarosegsgel m@mgeﬂ,@ n8 %ﬁgﬂ%im a Tris-acetate-EDTA (TAE) buffer). DNA

fragments were visualized by UV illumination after gel electrophoresis and ethidium bromide
staining. A DNA molecular size standard (1 Kb ladder, Life Technologies) was
electrophoresethianpailerheliveigntbedimets 2opresrapdtsis whet trecstpreteethe siferaft thes of

DNA fragments, slasmifiutiegiemseie e isyesienaptsiieh eat GoBiReas iy the
sequentially dl%%‘%g%r} loﬁoo 5’%‘?}38% will allow an immune response to be generated that is effective
20 against multiple clonal strains, or against all clonal stains. For example combinations

include FnbB and betahemolysin, FnbB and Cna, FnbB and TSST-1, FnbB and mecA,

FnbB and SdrD, FnbB and SdrF, FnbB and EbpS, FnbB and Efb, beta-haemolysin and

Cna, beta-haemolysin and TSST-1, beta-haemolysin and mecA, beta-haemolysin and

SdrD, beta-haemolysin and SdrF, beta-haemolysin and EbpS, beta-haemolysin and Efb,

25 Cnaand TSST-1, Cna and mecA, Cna and SdrD, Cna and SdrF, Cna and EbpS, Cna and

Efb, TSST-1 and mecA, TSST-1 and SdrD, TSST-1 and SdrF, TSST-1 and EbpS, TssT-1

and Efb, MecA and SdrD, MecA and SdrF, MecA and EbpS, MecA and Efb, SdrD and

SdrF, SdrD and EbpS, SdeD and Efb, SdrF and EbpS, SdrF and Efb, and, EbpS and Efb.

30 The combinations described above may be combined with additional components
described above,

Protection against S. aureus and S. epidermidis
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20 with appropriate restriction enzymes as recommended by the manufacturer (Life
Technologies). The digested DNA fragment was then purified using silica gel-based spin
columns prior to ligation with the pET24d or pOE-30 plasmid. Cloning of Ebh (H2 fragment),
MA, lad& 1sdB, Hark Ati-amidase, Ati-glucosamine, MRP11, IsaA was carried out using the
pPET24d plasmid and cloning of CIfA, Sdre, SdrE, FribpA. SdrG1Fbe, alpha 25toxin and Sbi
were carried out using the pC)E-30 plasmid. Bt Production or expression vector. To prepare

the expression pasimichpdairagiil of eimvaRtitar ligakienuiby@ncsionpsiitdigpraieidds aommietian
with appmp“at‘?nﬁﬁﬁ}ﬁ%cﬂgé‘pgﬁs@’a %%?ns%g,gp{%%ﬁée%%%? s%%ﬁgﬁk%ﬂz&?‘?&séﬁmﬁr‘é Jegainst

digested fragments to the pre vector was used to program Igation reaction. /
standard -20 pl H@lERieen £.184eys 130 otir SP R it STRD GXAMBBK o RTPIRCTE dRTHRRS
performed usinge$gobXd /s igasate® ddainitsybd St sérfeydesalfriolagias). An aliquot of the
ligation (-5 gi) was used to transform M15(pREP4) or BT21::DE3 electro-competent cells
according to methods well known in the art. Following 35a -2-3 hour outgrowth period at 37" C
in -1.0 ml of |_B%?StH,S?ré’ifuéf&dﬁ@ﬂ%‘@ﬂ&%@%@%W&%Bfoﬁqié‘%fﬁ%l?’blé&gg Pontahingsocomial
ampiciilin (100 pdédtidrendéoriketaacaytine{@@ivgiradrpentiiiits, vbgrdnouciiatiegl pridhetsdiespita,
Plates were inciybatrehO VR iRIgBLRE3( fs Mficdbibabts-teividdRt ARBIKAIIRYRAKUSSINGSS the

icked with sterile toothpicks and used to "patch inocul h LB ApRiKanR plat I
21,0 mi LEPRITICAN BRoAEOTIG. & B AR B paRAR TaEE G BB B P

incubated ®versRpgbiE 37 Corneiatiog sastagitketvendubuing ([Heresjeoragainstkiveliauteptrion. Af
whole cell-basegaBfyRRbalysis was employed to verify that transformarits contained the DNA
insert. Here, the -1.0 ml overnight LB Ap/Kan broth culture was transferred to a 1,5 ml
polypropylene tube and the cells coliected by centrifugation in a Beckmann microcentrifuge
(-3 min., room 11 @fAPEtIFBUNE Ze300N5EJ§. daiiBack AR |981IEIINAS Serinbse dasinaiveraBTigRle
water and a -1@pdtetigna asecute prafsage tebend bpednsphugeciEdR el desdaAbatng iash
forward ang re phfication.pti initj C atl te '

3 minutesqtgd er\lés%?(&%%?rn% g%t tﬁﬁé o??ﬂm%%a%te@iﬁ%el@%ﬂ%%%gﬁh &%@%&E&P i?n
AR Model o7oc%ﬂ6m?a$vcg§c1’@r%§a& 85 erasthin &1 e dhARINBAABAR AL RAFTBFiloaHAlRd
95C, 45sec; 55+8&Cof4dideast/ X%,120%). 5006 € 0086 cht oo iBighitctit SiBaeitradnme sbfkonrat

the based trangiprinaty sRales, Rallpwing dheraalampliiationda 208 RIBMLCHNR mean

reaction was analyzed by agarose gel electrophoresis (00.8 % agarose in a Tris-acetate-EDTA

(TAE) buffer), BREATELHRSHERRGe vl 2liisast Pty 1dmindtod Yke?Tgd? ére (BB AHE7ER5E &id

ethidium BPomidesstéding gnib@ilA isriolewo larcsirel attanittapdotd cidn 20 daedoler sigifificant protection

Technologies) wariRlRsd BpAIESes:EIRaTa IRkt hRiest SARIRCR SIVRSSHSE S 69, S3tipate

the size of the PCR products. Transformants that produced the expected size PGR product
AERLoRRRER G i el

were identified 38 SHAIRLE 5'%??8?’6 réQf) tc?Jr?é‘ﬁ'W .~ Expression plasmic.:

containing strains were then analyzed for the inducible expression of recombinant protein. 25

C: FacpressiorsAnaty s HbRirdteRO SHEURIAGOMSTRIRBAGTnAND AR RERSISRLVRKNOMt $8R8ting

culture (7J:0 ml) was inoculated info a I nmeyer fl taining -25 ml of LB

Aptican bégth aﬁ%o %'v“asLa‘Pc')O'v’h rgtcﬁp}%sW%iﬁ%qz{z\%s@z%%ﬁﬁ%ﬁgc%ﬁ& rea{%tj rtglaﬁ)?re well
reached 0,0.6(0EIHY, hadwagsl -fo guRas 8 Xy dRfosrvidis3and sxammend ghoyvathitissaifeCIA,
approximately lsalf,abdi®, ¢dtarerobd amalsviasir yasteste d teresseeaniel Ronundlasépamst (for

expression of ECARASLAIGLRIS BEEEH B 416 AUon SEIRTE (LN PIEk arepet

sterile water, Si%érina) 0 a final concentration o mM, Incubation of both the IPTG-In
and non-inducERRihIR S ARiNELeCRTeTLRRhNBRAP: AU 2aE S79R/dR N dRaking, Samples

(-1.0 ml) 8 both induced and non-induced 35cultures were removed after the induction period
and the cells coHe@iReblty £€BHBUERIMN the immunogenic composition of the invention will comprise

PNAG and type 5 and 8 polysaccharides and one, two, three or four of the above
proteins.

Vaccines
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in a microcentrifuge at room temperature for -3 minutes. Individual cell pellets were
suspended in -50p1 of sterile water, then mixed with an equal volume of 2X Laemelli
SOS-PAGE sample buffer containing 2-mercaptoethanol, and placed in boiling water bath for
-3 min to denature protein. Equal volumes (-15p1) of both the crude IPTG-induced 5 and the
non-induced cell lysates were loaded onto duplicate 12% Trisiglycine polyacrylamide gel (1
mm thick Mini-gels, Novex). The induced and non-induced lysate samples were

electrophoresehtegetsouiteRfetiaingdunesy|2omsieRbmarkers (RrRARHCINAKEY) wides
conventional cqnARS A BcELAIATSRSHE OGRS YOG WARLIPIBRAK, Lallaying

electrophoresis. one gel was’stained with commassie 10 br| iant bl 250 (BioRad) and then

destained o vis R e BUE I oLl RGP T 955E8CIRIIBR ARGHORIHRA A

a PVDF membrane (0.45 micron paore size, Novex) for -2 hrs at 4 t using a

Mini-Prote IITﬁSt{ﬂ]@%ﬁﬂﬁr&tﬁ%pgﬁaoﬁo%lﬂ%orf%m%& (DEY BPRAFGRS- b HERCIS GEiRN
the membrane ankidengbctlynimonbatibrsschere pleniowme tydopdadeiggl tor kthindsvpblidphatenoin

the art. A monogipnadd T thRGE: (BHRSREEPOHRE iQHﬁ"é!?%WM%%W%Q&n@&UrH‘%ﬁ%r

antibody conju%ated to HRP. ngaGen u\f\)/ere used to confirm tEe ression and ! entlt of the

recombinant pro?é:i'n R/lsuélltz’an%?} SFhe ' nﬁuﬁﬁgnﬂﬁ"o(%f%g ?R/e AETh (\)Nagc?ﬁg ars
using either an%@ﬂ'ﬁ@ﬂbl@ﬂﬁ@'%ﬁ%h‘d{@ igatidethepeo)BBdfEOMMYITOIRRAZESIea N EU_

chemilumirgescence system. 20 Example 2: Production of Recombinant Protein Bacterial

sain A recopIb ARl NGRS AIE.SENIZ QRECAL AR AGA DS (FOF3P)

or BL21::DES3 cont Ining plasmi enco ng staphy cocca pro e|n was use

25produce cell"RFRSESRr Mcﬁabd%ﬁ%ebmﬂlﬁm pris¥anes NragidoTiaeae e ntsiisHom etlieath
used for the predidetien infriace nebprastpioteiivennsisied, afrlixt Mighieids(Difted wpeiainikiges

100pami Ap apsior, Al ABHGRN R AR 18R ey e vermentor at

0.25 mILL Antifoarn 204, Sigma). To induce expression of the recombinant protein, IPTG
(Isopropyl 1-D-Thiogalactopyranoside) was added to the tormentor (1 mM, final). Production
of recombinantipeotstisctidndsr Tiettieedc Fh@ityprsiri@ne ares poidedisihat fistzlobdace mtratidty @l

i and the CURRIASANUBIR AR ThEPWUEeHBR BebERD HILSH By

6,000 rpm for mutes and the 5 Eellet was resuspended in phosphate buffer

FCHPO4, KH2BOAHPIeACREAEM g BonrHBUEenith St 8 cRANCARR ?aﬁ?ﬁfé%aé%JB’@E?é&fo
French pressurgtbiétesiisirigmS00 that peestsheae i 2nwrine) CiHetr\eehtcdllgéaims foyr BOsmanmesdt

15,000 rpgo, thesiHRaTIREMNAST FSaREERhiHTRS! PludiFaiianAndNRBaNa SiRELRH QSR
The sample Wa§ hen Io ded on g NI-NTA resi 5%(K 12 column Phamiaoia gﬂ NTA resin

Qiagen) condltlontgrc'iI nTYS Sk 'R'ﬁl—'l%4t°K C}'Oﬂﬁ ePrI%%ﬁﬂW@ tt{ % it o
column was wseaaasi, Bl fdd A 1032M TediRpay, 0ht tmpswlemlsem%egmemyw withutee

bound protein, fogiamd adien wwssﬁdwh@r%ﬁsiﬁf@@fbprwmaﬂéﬂuftﬁﬁ& Rhes often

NaH2PO4 pH7 0.3M Nedi ][ dd/ eroi a 2%0 |m|dazole ) were added to huffer A. The
proportion o RS LoREE QIR NN TR TEGRIER Rl 11098 15 THORESRRAP FLAHR AR OB
fraction 15tontbffilfy $Heh@Dibihdvdnccpaitietd Todridemiesnsn s dhi alyemib g aliibt tDeoB2tion
KH2PO4/K2HBOR4p %5, Q116MLNa2, SlhispaeiijochMasyerd IehRHIbRER, Se&aosranthsaii

Hark Atl- gluOaseasrpnolgseealrrm]cgu%grmotn%)gnésphoryl lipid A or a derivative thereof (or detoxified lipid A in

general — see for instance WO2005107798), particularly 3-de-O-acylated
monophosphoryl lipid A (3D-MPL) (for its preparation see GB 2220211 A); and a
30  combination of monophosphoryl lipid A, preferably 3-de-O-acylated monophosphoryl lipid
A, together with either an aluminum salt (for instance aluminum phosphate or aluminum
hydroxide) or an oil-in-water emulsion. In such combinations, antigen and 3D-MPL are
contained in the same particulate structures, allowing for more efficient delivery of
antigenic and immunostimulatory signals. Studies have shown that 3D-MPL is able to
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20 Under denaturing conditions !PIG was added at a final concentration of 1rnM end the
culture was grown for 4 additional hours. The culture was then centrifuged at 6,000 rpm for 10
mintes and the pellet was resuspended in phosphate buffer (50mM K2HPO4, KH2PO4 pH 7)
including a 25 protease inhibior cocktail. This sample was subjected to French pressure iysis
using 1500 bar pressure ( 2 runs). After centrifugation for 30 minutes at 15,000 rpm, the pellet
was washed with phosphate buffer including 1M urea. The sample was centrifuged for 30

mins at 15000rpiAnanerfheetift waminegasBnstash Bl #MadEemed- AMJNAIFTADSRA & aMBashe
0.01M Tris-Hci Jg%g a,%d716§p1t4ov %Q&Jﬁtéﬁ’ m temperature. The sample was centrifuged 30
Q 00 ip % {

fro 20 minutes m and the Supernatant was coiiected for further purification. The
sample was then loaded on a Ni-NTA resin (XK 16 column Pharmacia, Ni-NTA resin Cftagen)

conditioned in 9 eneahcedlfshiatiRRMNEs hdbdnbatitich LY mohshlaidpHSy BRI parssegp®iin

the flowtnrqeugh ~olu e ively. with, bu Urea, NaH2RO4,
0.5M NaCI-0. 0N T oo R it b m e

Tile, pH 6.3), bl EaMrURedes. IRAGIRERISO2OBRSRKIRM A0 IV hSSATl 5. oy aRehedirieE
(8M Urea, 0.1 MiNalbt#r6) 4sOdidvlaset [in0OVOOMEE37 38 4A5paicelaey quotem catjprare ifonvation

eluted from theigeINRG 9B BYAHBE S LIBHER| h AR inl RStSEDALRH, iEeSQURERH wo
protein could %éﬁlﬁwzqd in a solution devoid of urea. For thﬁguagurpose denatured protein
u a :

contained in a 1% QRERTRRAME 2% MHBAIRGE YT /CPRE AR ATISIBES Y GRsRvises 2
pH7.1, 2M@ire209niM Wath 2D He RS2M Tiedardilatieh Tnay elsMargisiearaoitio yygensmulsion

KH2PO4/K2HPR4 RiddpiedI LENONBERFAGM ergirigialaicmetbosdang UsrbiodusibeE o
(H2 fragment),é%@gi%rc, Fr'(PpA’tthl’ Atl-arnidase alnd IsaA. 10 ‘Il'h% unfle@rl. r ?tt% ere
analysed by SOS- ?E € reURS de“&h‘@?}ng’e‘lﬁ Ba'rifiéqu.?ﬂﬂté??lh%\?e C %I(f Q%g:,pﬁgd
toxin) and one HER3POPEERIatE @ eferratialiinguesreinfenEH Bwspyrae asisbare sHiERiRIfesuSeaind
4. 15 Example dprpaniinamibs. aureus Capsular Polysaccharide Conjugates using CDAP

Activation,gnd coupling chemistry for native P58 using CDAP: 20 SA0817004 Activation and

coupling were performed at room temperature under continuous stirring. 10 mg of native
polysaccharideR I/ aisadive e dBtdipe fitrieres CHRBeigagibiof. 19BhigRIs irPD. Zvwater

NaCl. The solutinnisias, e likejusteptdes RigoRiSid4n patnisaHTeondikvatesptieR. Aohre ThiSRe!
of a CDAP solui fr. r [ itdlePATI. 50/ r .
manually to reggﬁr%%%%ﬂ%gtf %PD%%/%%‘ % &5&)%5{%933@%%% r gcg S\%)tzls%t??()ﬁgg elvf/éallls"ke
raised to pH 9 [ReERPHS PPAGHRANST B @ KRaQBIGHS agonist), saponins or combinations thereof.

20

An adjuvant that can be used with the vaccine compositions of the invention are bleb or
outer membrane vesicle preparations from Gram negative bacterial strains such as those
taught by WO02/09746 — particularly N. meningitidis blebs. Adjuvant properties of blebs
can be improved by retaining LOS (lipooligosacccharide) on its surface (e.g. through

25 extraction with low concentrations of detergent [for instanct 0-0.1% deoxycholate]). LOS
can be detoxified through the msbB(-) or htrB(-) mutations discussed in WO02/09746.
Adjuvant properties can also be improved by retaining PorB (and optionally removing
PorA) from meningococcal blebs, Adjuvant properties can also be improved by truncating
the outer core saccharide structure of LOS on meningococcal blebs — for instance via the

30 IgtB(-) mutation discussed in WO2004/014417. Alternatively, the aforementioned LOS
(e.g. isolated from a msbB(-) and/or IgtB(-) strain) can be purified and used as an adjuvant
in the compositions of the invention.

A further adjuvant which may be used with the compositions of the invention may be
35 selected from the group: a saponin, lipid A or a derivative thereof, an immunostimulatory
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NaOH addition takes about 1 minutes and pH is stabilised at pH 9.00+1-0.05 up to carrier
addition. At time 4.5 minutes, 1.5 ml of TT (10 mg/m1 in 0.2M NaCl) was added to reach the
appropriate Protein/PS ratio (1.5/1): pH was immediately adjusted to coupling pH 9.0 350.05.
The solution is left for one hour under manual pH regulation. After the coupling step, 0.5 ml of
2M glycine (ratio glyiPS (w/w): 7.5/1) were added; pH was immediately adjusted to
9.00+1-0.05. The solution was left for 30 minutes under manual pH regulation. Then the
conjugate was gllgsHietkotrieg arb gmyIMinisastkadeanshisiseird en Sephacwated dRion or
(XK16/100). T - [xe nil ing. 1 he gluti j re
*b%:ﬂ&Wap‘Bh% Yﬁ%?%é C‘é\%ﬁ;r’?ﬁ’er p’J%feé@Hgaé)E%ﬂMs'\&a%leﬁéﬁ Saft f_}?&%ﬂ-%q}?@gﬁ

analysed by resorcinol and _A. Interesting fractions were pooled and filtere ).22
gm Sterivex. a"Pm?rré’é’dHYr?@{co'ﬁjl?gai%fW:ﬁﬂ’ dhabdhe paanlils @9 dike. 08CaRIY 8eeRisH By
resorcinol 1Q apmmwryamagay_ist Wamuleikbl?_eeﬂaoamm.ort,& @weesdﬁapgmdqnin. in particular
PolysacchgrideyGaniugalesiisingérd el Rk ﬁ#%%ﬁ?é\‘ﬁ’%?&@ﬂ{ I5Riees FHYAIANAE KT

chemistry for sjized 13513 using CDAP PS is weighted on the basis Q1 10% theoretical,
moisture contel ™2 YeoPRAR/dShu i PREHAS B SOMRE8FRIRERRIV FORtalh fhigagonin (in
concentration eBtGuAyQAsk Befiveatiasizing, Thit kel ntisptof HadeeiR SutheckafiédontE g
cut-off filter. ZQMMHME!Q?%@%%@@%?G%F BRIGFaIUSIBINARSTS théhipparogerking grll

F20Y-0.75gm Interaction chamber, was used to reduce the
T 511 e 6

| d with, a Mi Iuidi
e iR I S ol (G o AarIs B A P B oao PR A B

reductionWas featidaighdedcovepst durinlifhe A0 4isaropiletnanertindar03800endsafdiothike
following 60 cyelepidraaigipgsasch &5 ARz IREsHRRMWEaREpHawed in-process 25by
measuring viscosity. The sizing was stopped after 70 cycles when the target of 2.74 0.2 cp
was reached. Activation and coupling were performed at room temperature under continuous
stirring. 50 Rigiesiarkepreierrhadivmrle eroveradinaticas ol Andl RSPEdRBARATIGH S
5 mg/ml 30in B2)oNaGatét timesihng Eorppadity GDAMP ISahdiQe 10 gt frexsoessesed)in
acetonitryeNVE],H0 I jat :
HENVE! 3’33@92 %%I%g%t%]%%ﬁ‘_' %@ﬁﬁo@ E@gﬁ?%ﬁ %3%%&%%%49 Zﬂ(&%nt

ratio, After 1 minute the pH was raised to_ dition of 0.5M NaOH. At time
2.5 minutes, 1&/HB% FORPIEGiRMAIRAEN Rfa%IQ/vMPé-adééﬂanéiaﬁhQH@ &igrByprietide as
Protein/PS ratite¢2itiEy jpH@GESasiraddafigdyHdjusted to coupling pH 9.004005, The solution
was left for 55 minutes under manual pH regulation. After the coupling step, 2.5 ml of 2M
glycine (ratio qflly/Psggwlw): 7.5/1) were added; pH was immediately adjusted to 9.00-4-0.05 by
the regulator. THY EHRAEMEM I AdYyasE t&%&kﬁﬁaﬁ%%mwﬁ'%@%afﬁﬁ?{%éﬁ figonist
conjugatédvassethrified ligid hadspvativinieditditdy envddpfesoyhiBephaoryh@4Q@itRularly 3

(XK26/100). Thealpu@iRonsshbseshatife AYEb — mpL).

3D -MPL is available from GlaxoSmithKline Biologicals North America and primarily
promotes CD4+ T cell responses with an IFN-g (Th1) phenotype . It can be produced

25 according to the methods disclosed in GB 2 220 211 A. Chemically it is a mixture of 3-
deacylated monophosphory! lipid A with 3, 4, 5 or 6 acylated chains. Preferably in the
compositions of the present invention small particle 3 D- MPL is used. Small particle 3 D
-MPL has a particle size such that it may be sterile-filtered through a 0.22um filter. Such
preparations are described in International Patent Application No. WO 94/21292.

30  Synthetic derivatives of lipid A are known and thought to be TLR 4 agonists including, but
not limited to:

OM174 (2-deoxy-6-0-[2-deoxy-2-[(R)-3-dodecanoyloxytetra-decanoylamino]-4-o-
phosphono-B-D-glucopyranosyl]-2-[(R)-3-hydroxytetradecanoylamino}-o-D-
35  glucopyranosyldihydrogenphosphate), (WO 95/14026)
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The elution fractions were analysed by resorcinol and by protein dosage. interesting
10fractions were pooled and filtered on 0.22 Jim Millipack20. The resulting conjugate has a
final/PS ratio of 1.94.  Example 5 Preparation of S. atereas Capsular Polysaccharide
Conjugates using 15 EDAC Activation and coupling chemistry using EDAC: S. auretts
capsular polysaccharide type 8-TT conitnate: 20 PS derivatiza don Activation and coupling
were performed at room temperature under continuous stirring. 30 mg of native
polysaccharide were diluted to obtain a final polysaccharide concentration 25 of 5 mg/rni in

water, The soyipyeb a0 pA TR NINAT tt:%é GRS a6 A0SR,

added (2.2 mg/mg PS). After complete dissolution AC were added (2

PS). After 70 n‘ﬁrﬂﬂ@’ﬁﬂ?m%g@awww}ﬂ‘ﬁ@ﬂ HIBYIFP s FRASEA eIffree(W P
was removed b§430nkodtivo ovdeghacryl SI00HR (XK 16/40). The flow-rate was fixed at 60
rrilth using#£(2 M NaCi as elution buffer. A size reduction was 30done by sonfeation of 15 min
allowing a sterile filtration on millex filter (0.22 am), Coupling Tetanus toxoid was added to 5 to

10 mg of derivalite pYITae Ofaftice: i) ﬂﬁ(ﬁeé%ﬁa‘aﬁﬁﬁ%ﬂ?ﬁﬁ?ga}ﬁﬁ?ﬂo PP G HH
6.0 by addition[(R)eBSiydréay B & avayl atissoiiasdnn 0.0-Nolris Putieygrbb@ndamdrtnea addeds-
over a period of A driRdokpsY eR/26781)- According to the conditions used (see Table 5),
the reaction was stopped after etween 30 and 180 minutes by addition of 1M Tris-HCI pH
7.5. Prior to purification on Sephacryl S400HR, the conjugate was clarified using a 5pm
Minisart filer. AlbenatiRéljgandsodriphgntg heassethaadkiyCiubonamindespisalistestépPFheuch

conjugate was éb%@@jaeasise@ P QRbEEHY3STANUTB I8KEA P (AR ddirdlopeFRatvR S IXE B PE 80
milh using 150 nr M ] ??aielutlo buffer Th eIutlonP Iwaﬁ seleckefgp n the asis of
e

ﬁ rmaceut ccep sc osed in
resorcinol and 8 (W I TRER ysacc arl € and protein dosa
respectively). h@&@ﬂﬁﬂl@}aﬁomaéﬁ%ré@ Eh'%i’f@BQT‘;!ﬁiS ﬁ@lﬁ@lﬁ@%‘ﬁhﬁ‘aﬁ@tiﬁmﬁm@@b)ﬁﬁ
10 mi/min. Tahieobghfibalel@dengeepitpeslese at pH 6.0 The resulting conjugates have the
following gharacteristics shown in Table 6: Table 6 Conjugate
Another prefered immunostimulant for use in the present invention is Quil A and its
derivatives. Quil A is a saponin preparation isolated from the South American tree Quilaja
Saponaria Molina and was first described as having adjuvant activity by Dalsgaard et al.
in 1974 (“Saponin adjuvants”, Archiv. fur die gesamte Virusforschung, Vol. 44, Springer
20  Verlag, Berlin, p243-254). Purified fragments of Quif A have been isolated by HPLC
which retain adjuvant activity without the toxicity associated with Quil A (EP 0 362 278),
for example QS7 and QS21 (also known as QA7 and QA21). QS-21 is a natural saponin
derived from the bark of Quillaja saponaria Molina which induces CD8+ cytotoxic T cells
(CTLs), Th1 cells and a predominant IgG2a antibody response and is a preferred saponin
25  in the context of the present invention.

Particular formulations of QS21 have been described which are particularly preferred,
these formulations further comprise a sterol (W096/33739). The saponins forming part of
the present invention may be separate in the form of micelles, mixed micelles
30 (preferentially, but not exclusively with bile salts) or may be in the form of ISCOM matrices
(EP 0 109 942 B1), liposomes or related colloidal structures such as worm-like or ring-like
multimeric. complexes or lipidic/layered structures and lamellae when formulated with
cholesterol and lipid, or in the form of an oil in water emulsion (for example as in WO
95/17210). The saponins may preferably be associated with a metallic salt, such as
35  aluminium hydroxide or aluminium phosphate (WO 98/15287).
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In, TT/PS ratio(w/w) F. TT/PS ratio (tv/w) Y. PS Inc (%) Fi'tr. Yield (%) 5A08- TT0112/1 2,43/1
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Preferably, the saponin is presented in the form of a liposome, ISCOM or an oil in water

emulsion.

An enhanced system involves the combination of a monophosphory! lipid A (or detoxified
5 lipid A) and a saponin derivative, particularly the combination of QS21 and 3D-MPL as
disclosed in WO 94/00153, or a less reactogenic composition where the QS21 is
quenched with cholesterol as disclosed in WO 96/33739. A particularly potent adjuvant
formulation involving tocopherol with or without QS21 and/or 3D-MPL in an oil in water
emulsion is described in WO 95/17210. In one embodiment the immunogenic

10  composition additionally comprises a saponin, which may be QS21.

Immunostimulatory oligonucleotides or any other Toll-like receptor (TLR) 9 agonist may
also be used.The preferred oligonucleotides for use in adjuvants or vaccines of the
present invention are CpG containing oligonucleotides, preferably containing two or more

15 dinucleotide CpG motifs separated by at least three, more preferably at least six or more
nucleotides. A CpG motif is a Cytosine nucleotide followed by a Guanine nucleotide. The
CpG oligonucleotides of the present invention are typically deoxynucleotides. In a
preferred embodiment the intemucleotide in the oligonucleotide is phosphorodithioate, or
more preferably a phosphorothioate bond, although phosphodiester and other

20 internucleotide bonds are within the scope of the invention. Also included within the
scope of the invention are oligonucleotides with mixed internucleotide linkages. Methods
for producing phosphorothioate oligonucleotides or phosphorodithioate are described in
US5,666,153, US5,278,302 and WO95/26204.

25 Examples of preferred oligonucleotides have the following sequences. The sequences
preferably contain phosphorothioate modified internucleotide linkages.
OLIGO 1(SEQ ID NO:1): TCC ATG ACG TTC CTG ACG TT (CpG 1826)
OLIGO 2 (SEQ ID NO:2): TCT CCC AGC GTG CGC CAT (CpG 1758)
OLIGO 3(SEQ ID NO:3): ACC GAT GAC GTC GCC GGT GAC GGC ACC ACG
30 OLIGO 4 (SEQID NO:4): TCGTCG TTT TGT CGT TTT GTC GTT (CpG 2006)
OLIGO 5 (SEQ ID NO:5): TCC ATG ACG TTC CTG ATG CT (CpG 1668)
OLIGO 6 (SEQ ID NO:6): TCGACG TTT TCG GCG CGC GCC G (CpG 5456)

Alternative CpG oligonucleotides may comprise the preferred sequences above in that
35  they have inconsequential deletions or additions thereto.
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not toxic to the recipient and is capable of being transformed by metabolism. Nuts, seeds,
and grains are common sources of vegetable oils. Synthetic oils are also part of this
invention and can include commercially available oils such as NEOBEE® and others.
Squalene (2,6,10,15,19, 23-Hexamethyl-2,6,10,14,18,22-tetracosahexaene) is an
15 unsaturated oil which is found in large quantities in shark-liver oil, and in lower quantities
in olive oil, wheat germ oil, rice bran oil, and yeast, and is a particularly preferred oil for
use in this invention. Squalene is a metabolisable oil by virtue of the fact that it is an
intermediate in the biosynthesis of cholesterol (Merck index, 10" Edition, entry no.8619).

20 Tocols (e.g. vitamin E) are also often used in oil emulsions adjuvants (EP 0 382 271 Bf;
US5667784; WO 95/17210). Tocols used in the oil emulsions (preferably oil in water
emulsions) of the invention may be formulated as described in EP 0 382 271 B1, in that
the tocols may be dispersions of tocol droplets, optionally comprising an emulsifier, of
preferably less than 1 micron in diameter. Alternatively, the tocols may be used in

25 combination with another oil, to form the oil phase of an oil emulsion. Examples of oil
emulsions which may be used in combination with the tocol are described herein, such as

the metabolisable oils described above.

Oil in water emulsion adjuvants per se have been suggested to be useful as adjuvant
30 compositions (EP 0 399 843B), also combinations of oil in water emulsions and other
active agents have been described as adjuvants for vaccines (WO 95/17210; WO
98/56414; WO 99/12565; WO 99/11241). Other oil emulsion adjuvants have been
described, such as water in oil emulsions (US 5,422,109;EP 0 480 982 B2) and water in
oil in water emulsions (US 5,424,067;EP 0 480 981 B). All of which form preferred oil
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Conjugate Coupling [PS- AN] DTI [El:MC] time (mg/ml) (mg/m1) (mg/mg PS) SA08-T1-04565
min 3.83 7.66 0.1 SA08-17046 45 min 3.75

emulsion systems (in particular when incorporating tocols) to form adjuvants and

compositions of the present invention.

Most preferably the oil emulsion (for instance oil in water emulsions) further comprises an
5 emulsifier such as TWEEN 80 and/or a sterol such as cholesterol.

A preferred oil emulsion (preferably oil-in-water emulsion) comprises a metabolisible, non-

toxic oil, such as squalane, squalene or a tocopherol such as alpha tocopherol (and

preferably both squalene and alpha tocopherol) and optionally an emulsifier (or surfactant)

such as Tween 80. A sterol (preferably cholesterol) may also be included.

10 The method of producing oil in water emulsions is well known to the man skilled in the art.
Commonly, the method comprises mixing the tocol-containing oil phase with a surfactant
such as a PBS/TWEENS8O™ solution, followed by homogenisation using a homogenizer, it
would be clear to a man skilled in the art that a method comprising passing the mixture
twice through a syringe needle would be suitable for homogenising small volumes of

15  liquid. Equally, the emulsification process in microfluidiser (M110S Microfluidics machine,
maximum of 50 passes, for a period of 2 minutes at maximum pressure input of 6 bar
(output pressure of about 850 bar)) could be adapted by the man skilled in the art to
produce smaller or larger volumes of emulsion. The adaptation could be achieved by
routine experimentation comprising the measurement of the resultant emulsion until a

20 preparation was achieved with oil droplets of the required diameter.

In an oil in water emulsion, the oil and emulsifier should be in an aqueous carrier. The

aqueous carrier may be, for example, phosphate buffered saline.

The size of the oil droplets found within the stable oil in water emulsion are

25  preferably less than 1 micron, may be in the range of substantially 30-600nm, preferably
substantially around 30-500nm in diameter, and most preferably substantially 150-500nm

in diameter, and in particular about 150 nm in diameter as measured by photon
correlation spectroscopy. In this regard, 80% of the oil droplets by number should be
within the preferred ranges, more preferably more than 90% and most preferably more

30 than 95% of the oil droplets by number are within the defined size ranges. The amounts of
the components present in the oil emulsions of the present invention are conventionally in

the range of from 0.5-20% or 2 to 10% oil (of the total dose volume), such as squalene;

and when present, from 2 to 10% alpha tocopherol; and from 0.3 to 3% surfactant, such

as polyoxyethylene sorbitan monooleate. Preferably the ratio of oil (preferably squalene):

35 tocol (preferably a-tocopherol) is equal or less than 1 as this provides a more stable
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emulsion. An emulsifier, such as Tween80 or Span 85 may also be present at a level of
about 1%. In some cases it may be advantageous that the vaccines of the present

invention will further contain a stabiliser.

5 Examples of preferred emulsion systems are described in WO 95/17210, WO 99/11241
and WO 99/12565 which disclose emulsion adjuvants based on squalene, a-tocopherol,
and TWEEN 80, optionally formulated with the immunostimulants QS21 and/or 3D-MPL.
Thus in a particularly, preferred embodiment of the present invention, the adjuvant of the
invention may additionally comprise further immunostimulants, such as LPS or derivatives

10  thereof, and/or saponins. Examples of further immunostimulants are described herein
and in “Vaccine Design — The Subunit and Adjuvant Approach” 1995, Pharmaceutical
Biotechnology, Volume 6, Eds. Powell, M.F., and Newman, M.J., Plenum Press, New
York and London, ISBN 0-306-44867-X.

15 In a preferred aspect the adjuvant and immunogenic compositions according to
the invention comprise a saponin (preferably QS21) and/or an LPS derivative (preferably
3D-MPL) in an oil emuision described above, optionally with a sterol (preferably
cholesterol). Additionally the oil emulsion (preferably oil in water emulsion) may contain
span 85 and/or lecithin and/or tricaprylin. Adjuvants comprising an oil-in-water emulsion, a

20  sterol and a saponin are described in WO 99/12565.

Typically for human administration the saponin (preferably QS21) and/or LPS
derivative (preferably 3D-MPL) will be present in a human dose of immunogenic
composition in the range of 1ug — 200ug, such as 10-100pg, preferably 10pg - 50ug per
dose. Typically the oil emulsion (preferably oil in water emulsion) will comprise from 2 to

25 10% metabolisible oil. Preferably it will comprise from 2 to 10% squalene, from 2 to 10%
alpha tocopherol and from 0.3 to 3% (preferably 0.4 — 2%) emulsifier (preferably tween 80
[polyoxyethylene sarbitan monooleate]). Where both squalene and alpha tocopherol are
present, preferably the ratio of squalene: alpha tocopherol is equal to or less than 1 as
this provides a more stable emulsion. Span 85 (Sorbitan trioleate) may also be present

30 atalevel of 0.5 to 1% in the emulsions used in the invention. In some cases it may be
advantageous that the immunogenic compositions and vaccines of the present invention
will further contain a stabiliser, for example other emulisifiers/surfactants, including caprylic
acid (merck index 10" Edition, entry no. 1739), of which Tricaprylin is particularly
preferred.
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Where squalene and a saponin (preferably QS21) are included, it is of benefit to
also include a sterol (preferably cholesterol) to the formulation as this allows a reduction in
the total level of oil in the emulsion. This leads to a reduced cost of manufacture,
improvement of the overall comfort of the vaccination, and also qualitative and
quantitative improvements of the resultant immune responses, such as improved IFN-y
production. Accordingly, the adjuvant system of the present invention typically comprises
a ratio of metabolisable oil:saponin (w/w) in the range of 200:1 to 300:1, also the present
invention can be used in a “low oil" form the preferred range of which is 1:1 to 200:1,
preferably 20:1 to 100:1, and most preferably substantially 48:1, this vaccine retains the
beneficial adjuvant properties of all of the components, with a much reduced
reactogenicity profile. Accordingly, the particularly preferred embodiments have a ratio of
squalene:QS21 (w/w) in the range of 1:1 to 250:1, also a preferred range is 20:1 to 200:1,
preferably 20:1 to 100:1, and most preferably substantially 48:1. Preferably a sterol (most
preferably cholesterol) is also included present at a ratio of saponin:sterol as described
herein.

The emulsion systems of the present invention preferably have a small oil droplet
size in the sub-micron range. Most preferably the oil droplet sizes will be in the range 120
to 750 nm, and most preferably from 120-600nm in diameter.

A particularly potent adjuvant formulation (for ultimate combination with AIPO4 in
the immunogenic compositions of the invention) involves a saponin (preferably QS21), an
LPS derivative (preferably 3D-MPL) and an oil emulsion (preferably squalene and alpha
tocopherol in an oil in water emulsion) as described in WO 95/17210 or in WO 99/12565
(in particular adjuvant formulation 11 in Example 2, Table 1).

Examples of a TLR 2 agonist include peptidoglycan or lipoprotein. Imidazoquinolines,
such as Imiquimod and Resiquimod are known TLR7 agonists. Single stranded RNA is
also a known TLR agonist (TLR8 in humans and TLR7 in mice), whereas double stranded
RNA and poly IC (polyinosinic-polycytidylic acid - a commercial synthetic mimetic of viral
RNA). are exemplary of TLR 3 agonists. 3D-MPL is an example of a TLR4 agonist whilst
CPG is an example of a TLR9 agonist.

The immunogenic composition may comprise an antigen and an immunostimulant
adsorbed onto a metal salt. Aluminium based vaccine formulations wherein the antigen
and the immunostimulant 3-de-O-acylated monophosphoryl lipid A (3D-MPL), are
adsorbed onto the same particle are described in EP 0 576 478 B1, EP 0 689 454 B1, and
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SA08-TT048 2/1 3.35 30 101 SA08-17049 2/1 3.5 24 106 Example 6 PreparaVori of S.
avreus Capsular Polysaccharide Conjugates using EDAC on de-O-seetylatad S. aureus
polysaccharide 8 De-0-acetylalion CAN NaOH was added to 16 ml of s'ized PS (10 mg/m1)
to target a final PS concentration of 9 mg/ml and a final NaOH concentration of 0.1N. After a
10 treatment of 1 or 2 h at 37C, the PS had a level of 0-acetylation of 35 and 12% (Hestrin
dosage) respectively in comparison to the untreated PS. DAN NaOH was added to 19 ml of
sized PS (10 m@#ni) 603a85eBa. fintidis caneaniratiotyei & Simgdsbded antmd\=l@hinium salt

concentration of QN 5] SAIIERAL hiliAdkhaaR BVBLAPHE. R aRshiRIRLA

78 and 58% (Hestrin dosa e) respectively in comparison to the untreated PS
derivatization sttFi#4 Q%@‘ﬁ%ﬁ%ﬁ"ﬁ?@\%’ﬁ%IV‘FO?“&H‘*UFI‘R%QI@(?TAE%f%’ﬂl@@" in a water

bath untll the particles reach a size of between 80 and 500 nm. The antigen is typically

5 adsorbed onto aluminium salt for one hour at room temperature under agitation. The 3D-
MPL suspension is then added to the adsorbed antigen and the formulation is incubated
at room temperature for 1 hour, and then kept at 40C until use.

In another process, the immunostimulant and the antigen are on separate metal particles,

10 as described in EP 1126876. The improved process comprises the adsorption of
immunostimulant, onto a metallic salt particle, followed by the adsorption of the antigen
onto another metallic salt particle, followed by the mixing of the discrete metallic particles
to form a vaccine. The adjuvant for use in the present invention may be an adjuvant
composition comprising an immunostimulant, adsorbed onto a metallic salt particle,

15 characterised in that the metallic salt particle is substantially free of other antigen.
Furthermore, vaccines are provided by the present invention and are characterised in that
the immunostimulant is adsorbed onto particles of metallic salt which are substantially free
from other antigen, and in that the particles of metallic salt which are adsorbed to the
antigen are substantially free of other immunostimulant.

20  Accordingly, the present invention provides an adjuvant formulation comprising
immunostimulant which has been adsorbed onto a particle of a metallic salt, characterised
in the composition is substantially free of other antigen. Moreover, this adjuvant
formulation can be an intermediate which, if such an adjuvant is used, is required for the
manufacture of a vaccine. Accordingly there is provided a process for the manufacture of

25 a vaccine comprising admixing an adjuvant composition which is one or more
immunostimulants adsorbed onto a metal particle with an antigen. Preferably, the antigen
has been pre-adsorbed onto a metallic salt. Said metallic salt may be identical or similar
to the metallic salt which is adsorbed onto the immunostimulant. Preferably the metal salt
is an aluminium salt, for example Aluminium phosphate or Aluminium hydroxide.

30 The present invention further provides for a vaccine composition comprising
immunostimulant adsorbed onto a first particle of a metallic salt, and antigen adsorbed
onto a metallic salt, characterised in that first and second particles of metallic salt are

separate particles.
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LPS or LOS derivatives or mutations or lipid A derivatives described herein are designed
to be less toxic (e.g. 3D-MPL) than native lipopolysaccharides and are interchangeable
equivalents with respect to any uses of these moieties described herein.

In one embodiment the adjuvant used for the compositions of the invention comprises a
liposome carrier (made by known techniques from a phospholipids (such as dioleoyi
phosphatidyl choline [DOPC]) and optionally a sterol [such as cholesterol]). Such
liposome carriers may carry lipid A derivatives [such as 3D-MPL — see above] and/or
saponins (such as QS21 - see above). In one embodiment the adjuvant comprises (per
0.5 mL dose) 0.1-10mg, 0.2-7, 0.3-5, 0.4-2, or 0.5-1 mg (e.g. 0.4-0.6, 0.9-1.1, 0.5 or 1 mg)
phospholipid (for instance DOPC), 0.025-2.5, 0.05-1.5, 0.075-0.75, 0.1-0.3, or 0.125-0.25
mg (e.g. 0.2-0.3, 0.1-0.15, 0.25 or 0.125 mg) sterol (for instance cholesterol), 5-60, 10-50,
or 20-30 ug (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 png) lipid A derivative (for instance 3D-
MPL), and 5-60, 10-50, or 20-30 pg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg) saponin
(for instance QS21).

In one embodiment the adjuvant used for the compositions of the invention comprises an
oil in water emulsion made from a metabolisable oil (such as squalene), an emulsifier
(such as Tween 80) and optionally a tocol (such as alpha tocopherol). In one embodiment
the adjuvant comprises {per 0.5 mL dose) 0.5-15, 1-13, 2-11, 4-8, or 5-6mg (e.g. 2-3, 5-6,
or 10-11 mg) metabolisable oil (such as squalene), 0.1-10, 0.3-8, 0.6-6, 0.9-5, 1-4, or 2-3
mg (e.g. 0.9-1.1, 2-3 or 4-5 mg) emulsifier (such as Tween 80) and optionally 0.5-20, 1-
15, 2-12, 4-10, 5-7 mg (e.g. 11-13, 5-6, or 2-3 mg) tocol (such as alpha tocopherol).

This adjuvant may optionally further comprise 5-60, 10-50, or 20-30 ug (e.g. 5-15, 40-50,
10, 20, 30, 40 or 50 ng) lipid A derivative (for instance 3D-MPL).

This adjuvant may optionally contain 0.025-2.5, 0.05-1.5, 0.075-0.75, 0.1-0.3, or 0.125-
0.25 mg (e.g. 0.2-0.3, 0.1-0.15, 0.25 or 0.125 mgq) sterol (for instance cholesterol), 5-60,
10-50, or 20-30 pg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 ng) lipid A derivative (for
instance 3D-MPL), and 5-60, 10-50, or 20-30 pg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50
ng) saponin (for instance QS21).
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In one embodiment the adjuvant used for the compositions of the invention comprises
aluminium phosphate and a lipid A derivative (such as 3D-MPL). This adjuvant may
comprise (per 0.5 mL dose) 100-750, 200-500, or 300-400 pg Al as aluminium phosphate,
and 5-60, 10-50, or 20-30 ng (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg) lipid A derivative
(for instance 3D-MPL).

The vaccine preparations of the present invention may be used to protect or treat a
mammal susceptible to infection, by means of administering said vaccine via systemic or
mucosal route. These administrations may include injection via the intramuscular,
intraperitoneal, intradermal or subcutaneous routes; or via mucosal administration to the
oral/alimentary, respiratory, genitourinary tracts. Intranasal administration of vaccines for
the treatment of pneumonia or otitis media is preferred (as nasopharyngeal carriage of
pneumococci can be more effectively prevented, thus attenuating infection at its earliest
stage). Although the vaccine of the invention may be administered as a single dose,
components thereof may also be co-administered together at the same time or at different
times (for instance pneumococcal polysaccharides could be administered separately, at
the same time or 1-2 weeks after the administration of any bacterial protein component of
the vaccine for optimal coordination of the immune responses with respect to each other),
For co-administration, the optional Th1 adjuvant may be present in any or all of the
different administrations, for example, it may be present in combination with the bacterial
protein component of the vaccine. In addition to a single route of administration, 2
different routes of administration may be used. For example, polysaccharides may be
administered IM (or ID) and bacterial proteins may be administered IN (or ID). In addition,
the vaccines of the invention may be administered IM for priming doses and IN for booster

doses.

The amount of conjugate antigen in each vaccine dose is selected as an amount which
induces an immunoprotective response without significant, adverse side effects in typical
vaccines. Such amount will vary depending upon which specific immunogen is employed
and how it is presented. Generally, it is expected that each dose will comprise 0.1-100 pg
of polysaccharide, typically 0.1-50 pg , 0.1-10ug, 1-10ug or 1-5ug for polysaccharide
conjugates.
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The content of protein antigens in the vaccine will typically be in the range 1-100ug, 5-
50ug or 5 - 25ug. Following an initial vaccination, subjects may receive one or several

booster immunizations adequately spaced.

Vaccine préparation is generally described in Vaccine Design (“The subunit and adjuvant
approach” (eds Powell M.F. & Newman M.J.) (1995) Plenum Press New York).
Encapsulation within liposomes is described by Fullerton, US Patent 4,235,877.

The vaccines of the present invention may be stored in solution or lyophilized. Optionally
the solution is lyophilized in the presence of a sugar such as sucrose, trehalose or
lactose. It is typical that they are lyophilized and extemporaneously reconstituted prior to
use. Lyophilizing may result in a more stable composition (vaccine).

Methods
The invention also encompasses method of making the immunogenic compositions and

vaccines of the invention.

In an embodiment, the process of the invention, is a method to make a vaccine
comprising the steps of mixing antigens to make the immunogenic composition of the
invention and adding a pharmaceutically acceptable excipient.

Methods of treatment

The invention also encompasses method of treatment or staphylococcal infection,
particularly hospital acquired nosocomial infections.

This immunogenic composition or vaccine of the invention Is particularly advantageous to
use in cases of elective surgery. Such patients will know the date of surgery in advance
and could be inoculated in advance. Since it is not know whether the patient will be
exposed to S. aureus or S. epidermidis infection, it is preferred to inoculate with a vaccine
of the invention that protects against both, as described above. Typically adults over 16
awaiting elective surgery are treated with the immunogenic compositions and vaccines of
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the invention. Alternatively children aged 3-16 awaiting elective surgery are treated with

the immunogenic compositions and vaccines of the invention.
Itis also possible to inoculate health care workers with the vaccine of the invention.

The vaccine preparations of the present invention may be used to protect or treat a
mammal susceptible to infection, by means of administering said vaccine via systemic or
mucosal route. These administrations may include injection via the intramuscular,
intraperitoneal, intradermal or subcutaneous routes; or via mucosal administration to the

oral/alimentary, respiratory, genitourinary tracts.

The amount of antigen in each vaccine dose is selected as an amount which induces an
immunoprotective response without significant, adverse side effects in typical vaccines.
Such amount will vary depending upon which specific immunogen is employed and how it
is presented. The protein content of the vaccine will typically be in the range 1 -100ug, 5-
50pg, typically in the range 10 - 25ug. An optimal amount for a particular vaccine can be
ascertained by standard studies involving observation of appropriate immune responses
in subjects. Following an initial vaccination, subjects may receive one or several booster

immunisations adequately spaced.

Although the vaccines of the present invention may be administered by any route,
administration of the described vaccines into the skin (ID) forms one embodiment of the
present invention. Human skin comprises an outer *homy” cuticle, called the stratum
corneum, which overlays the epidermis. Underneath this epidermis is a layer called the
dermis, which in turn overlays the subcutaneous tissue. Researchers have shown that
injection of a vaccine into the skin, and in particular the dermis, stimulates an immune
response, which may also be associated with a number of additional advantages.
Intradermal vaccination with the vaccines described herein forms an optional feature of

the present invention.

The conventional technique of intradermal injection, the “mantoux procedure”, comprises
steps of cleaning the skin, and then stretching with one hand, and with the bevel of a
narrow gauge needle (26-31 gauge) facing upwards the needle is inserted at an angle of
between 10-15°. Once the bevel of the needle is inserted, the barrel of the needle is
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lowered and further advanced whilst providing a slight pressure to elevate it under the
skin. The liquid is then injected very slowly thereby forming a bleb or bump on the skin
surface, followed by slow withdrawal of the needie.

More recently, devices that are specifically designed to administer liquid agents into or
across the skin have been described, for example the devices described in WO 99/34850
and EP 1092444, also the jet injection devices described for example in WO 01/13977;
US 5,480,381, US 5,599,302, US 5,334,144, US 5,993,412, US 5,649,912, US 5,569,189,
US 5,704,911, US 5,383,851, US 5,893,397, US 5,466,220, US 5,339,163, US 5,312,335,
US 5,503,627, US 5,064,413, US 5,520, 639, US 4,596,556, US 4,790,824, US
4,941,880, US 4,940,460, WO 97/37705 and WO 97/13537. Alternative methods of
intradermal administration of the vaccine preparations may include conventional syringes
and needles, or devices designed for ballistic delivery of solid vaccines (WO 99/27961), or
transdermal patches (WO 97/48440; WO 98/28037); or applied to the surface of the skin
(transdermal or transcutaneous delivery WO 98/20734 ; WO 98/28037).

When the vaccines of the present invention are to be administered to the skin, or more
specifically into the dermis, the vaccine is in a low liquid volume, particularly a volume of

between about 0.05 ml and 0.2 ml.

The content of antigens in the skin or intradermal vaccines of the present invention may
be similar to conventional doses as found in intramuscular vaccines (see above).
However, it is a feature of skin or intradermal vaccines that the formulations may be “low
dose”. Accordingly the protein antigens in “low dose” vaccines are optionally present in as
little as 0.1 to 10ug, optionally 0.1 to 5 ug per dose; and the polysaccharide (optionally
conjugated) antigens may be present in the range of 0.01-1ug, and optionally between

0.01 to 0.5 ng of polysaccharide per dose.

As used herein, the term “intradermal delivery” means delivery of the vaccine to the region
of the dermis in the skin. However, the vaccine will not necessarily be located exclusively
in the dermis. The dermis is the layer in the skin located between about 1.0 and about 2.0
mm from the surface in human skin, but there is a certain amount of variation between
individuals and in different parts of the body. In general, it can be expected to reach the
dermis by going 1.5 mm below the surface of the skin. The dermis is located between the
stratum corneum and the epidermis at the surface and the subcutaneous layer below.
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Depending on the mode of delivery, the vaccine may ultimately be located solely or
primarily within the dermis, or it may ultimately be distributed within the epidermis and the

dermis.

An embodiment of the invention is a method of preventing or treating staphylococcal
infection or disease comprising the step of administering the immunogenic composition or
vaccine of the invention to a patient in need thereof.

A further embodiment of the invention is a use of the immunogenic composition of the
invention in the manufacture of a vaccine for treatment or prevention of staphylococcal
infection or disease, optionally post-surgery staphylococcal infection.

The term ‘staphylococcal infection’ encompasses infection caused by S. aureus and/or S.
epidermidis and other staphylococcal strains capable of causing infection in a
mammalina, optionally human host.

The terms “comprising”, “comprise” and “comprises” herein are intended by the inventors
to be optionally substitutable with the terms “consisting of”, “consist of" and “consists of’,

respectively, in every instance.

All references or patent applications cited within this patent specification are incorporated
by reference herein.

In order that this invention may be better understood, the following examples are set forth.
These examples are for purposes of illustration only, and are not to be construed as limiting

the scope of the invention in any manner.
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Examples

Example 1 Construction of Plasmid to Express Recombinant proteins

A: Cloning.
Appropriate restriction sites engineered into oligonucleotides specific for the

staphylococcal gene permitted directional cloning of the PCR product into the E.colfi
expression plasmid pET24d or pQE-30 such that a protein could be expressed as a fusion
protein containing a (His)6 affinity chromatography tag at the N- or C-terminus.

The primers used were:

Alpha toxin - 5'-CGCGGATCCGCAGATTCTGATATTAATATTAAAAC-3' and
5'CCCAAGCTTTTAATTTGTCATTTCTTCTTITTC-3

EbpS - 5'-CGCGGATCCGCTGGGTCTAATAATTTTAAAGATG-3' and
5’CCCAAGCTTTTATGGAATAACGATTTGTTG-3'

CIfA - 5-CGCGGATCCAGTGAAAATAGTGTTACGCAATC-3' and
5’CCCAAGCTTTTACTCTGGAATTGGTTCAATTTC-3'

FnbpA = 5'-CGCGGATCCACACAAACAACTGCAACTAACG-3' and
5CCCAAGCTTTTATGCTTTGTGATTCTTTTTCAAAC3’

Sbi - 5'-CGCGGATCCAACACGCAACAAACTTC-3’ and
5'GGAACTGCAGTTATTTCCAGAATGATAATAAATTAC-3’

SdrC - 5'-CGCGGATCCGCAGAACATACGAATGGAG-3' and
5CCCAAGCTTTTATGTTTCTTCTTCGTAGTAGC-3'

SdrG - 5'-CGCGGATCCGAGGAGAATTCAGTACAAG-3' and
5'CCCAAGCTTTTATTCGTCATCATAGTATCCG-3'

Ebh - 5-AAAAGTACTCACCACCACCACCACC-3' and
5'AAAAGTACTCACTTGATTCATCGCTTCAG-3’

Aaa - 5-GCGCGCCATGGCACAAGCTTCTACACAACATAC-3' and

5GCGCGCTCGAGATGGATGAATGCATAGCTAGA-3'

IsaA - 5-GCATCCATGGCACCATCACCATCACCACGAAGTAAACGTTGATCAAGC-3’
and 5'-AGCACTCGAGTTAGAATCCCCAAGCACCTAAACC-3'

HarA - 5-GCACCCATGGCAGAAAATACAAATACTTC-3' and
S'TTTTCTCGAGCATTTTAGATTGACTAAGTTG-3'

Autolysin glucosaminidase - 5-CAAGTCCCATGGCTGAGACGACACAAGATCAAC-3’
and 5-CAGTCTCGAGTTTTACAGCTGTTTTTGGTTG-3'

59



10

15

20

25

30

35

Autolysin  amidase -  5-AGCTCATATGGCTTATACTGTTACTAAACC-3' and
5'GCGCCTCGAGTTTATATTGTGGGATGTCG-3'

IsdA - 5'-CAAGTCCCATGGCAACAGAAGCTACGAACGCAAC-3' and
S’ACCAGTCTCGAGTAATTCTTTAGCTTTAGAGCTTG-3'

IsdB - 5 -TATTCTCGAGGCTTTGAGTGTGTCCATCATTTG-3' and 5'
GAAGCCATGGCAGCAGCTGAAGAAACAGGTGG-3’

MRPII - 5'-GATTACACCATGGTTAAACCTCAAGCGAAA-3' and

5AGGTGTCTCGAGTGCGATTGTAGCTTCATT-3’

The PCR products were first introduced into the pGEM-T cloning vector (Novagen) using
Top10 bacterial cells, according to the manufacturer's instructions. This intermediate
construct was made to facilitate further cloning into an expression vector. Transformants
containing the DNA insert were selected by restriction enzyme analysis. Following
digestion, a ~20pl aliquot of the reaction was analyzed by agarose gel electrophoresis
(0.8 % agarose in a Tris-acetate-EDTA (TAE) buffer). DNA fragments were visualized by
UV illumination after gel electrophoresis and ethidium bromide staining. A DNA molecular
size standard (1 Kb ladder, Life Technologies) was electrophoresed in parallel with the
test samples and was used to estimate the size of the DNA fragments. Plasmid purified
from selected transformants for each cloning was then sequentially digested to completion
with appropriate restriction enzymes as recommended by the manufacturer (Life
Technologies). The digested DNA fragment was then purified using silica gel-based spin
columns prior to ligation with the pET24d or pQE-30 plasmid. Cloning of Ebh (H2
fragment), AaA, IsdA, IsdB, HarA, Atl-amidase, Atl-glucosamine, MRPII, IsaA was carried
out using the pET24d plasmid and cloning of CIfA, SdrC, SdrE, FnbpA, SdrG/Fbe, alpha
toxin and Sbi were carried out using the pQE-30 plasmid.

B: Production of expression vector.
To prepare the expression plasmid pET24d or pQE-30 for ligation, it was similarly

digested to completion with appropriate restriction enzymes. An approximately 5-fold
molar excess of the digested fragments to the prepared vector was used to program the
ligation reaction. A standard ~20 pl ligation reaction (~16°C, ~16 hours), using methods
well known in the art, was performed using T4 DNA ligase (~2.0 units / reaction, Life
Technologies). An aliquot of the ligation (~5 pl) was used to transform M15(pREP4) or
BT21::DE3 electro-competent cells according to methods well known in the art. Following
a ~2-3 hour outgrowth period at 37°C in ~1.0 ml of LB broth, transformed cells were
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plated on LB agar plates containing ampicillin (100 pg/ml) and/or kanamycin (30ug/ml).
Antibiotics were included in the selection. Plates were incubated overnight at 37°C for ~16
hours. Individual ApR/KanR colonies were picked with sterile toothpicks and used to
“patch” inoculate fresh LB ApR/KanR plates as well as a ~1.0 ml LB Ap/ Kan broth culture.
Both the patch plates and the broth culture were incubated overnight at 37°C in either a
standard incubator (plates) or a shaking water bath. A whole cell-based PCR analysis was
employed to verify that transformants contained the DNA insert. Here, the ~1.0 ml
overnight LB Ap/Kan broth culture was transferred to a 1.5 ml polypropylene tube and the
cells collected by centrifugation in a Beckmann microcentrifuge (~3 min., room
temperature, ~12,000 X g). The cell pellet was suspended in ~200ul of sterile water and a
~10pl aliquot used to program a ~50l final volume PCR reaction containing both forward
and reverse amplification primers. The initial 95°C denaturation step was increased to 3
minutes to ensure thermal disruption of the bacterial cells and liberation of plasmid DNA.
An AB! Model 9700 thermal cycler and a 32 cycle, three-step thermal amplification profile,
i.e. 95°C, 45sec; 55-58°C, 45sec, 72°C, 1min., were used to amplify the BASB203
fragment from the lysed transformant samples. Following thermal amplification, a ~20pl
aliquot of the reaction was analyzed by agarose gel electrophoresis (0.8 % agarose in a
Tris-acetate-EDTA (TAE) buffer). DNA fragments were visualised by UV illumination after
gel electrophoresis and ethidium bromide staining. A DNA molecular size standard (1 Kb
ladder, Life Technologies) was electrophoresed in parallel with the test samples and was
used to estimate the size of the PCR products. Transformants that produced the
expected size PCR product were identified as strains containing a protein expression
construct. Expression plasmld containing strains were then analyzed for the inducible

expression of recombinant protein.

C: Expression Analysis of PCR-Positive Transformants.

An aliquot of the overnight seed culture (~1.0 ml) was inoculated into a 125 ml erlenmeyer
flask containing ~25 ml of LB Ap/Kan broth and was grown at 37 °C with shaking (~250
rpm) until the culture turbidity reached O.D.600 of ~0.5, i.e. mid-log phase (usually about
1.5 - 2.0 hours). At this time approximately half of the culture (~12.5 ml) was transferred
to a second 125 ml flask and expression of recombinant protein induced by the addition of
IPTG (1.0 M stock prepared in sterile water, Sigma) to a final concentration of 1.0 mM.
Incubation of both the IPTG-induced and non-induced cultures continued for an additional
~4 hours at 37 °C with shaking. Samples (~1.0 ml) of both induced and non-induced
cultures were removed after the induction period and the cells collected by centrifugation
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in a microcentrifuge at room temperature for ~3 minutes. Individual cell pellets were
suspended in ~50ul of sterile water, then mixed with an equal volume of 2X Laemelli
SDS-PAGE sample buffer containing 2-mercaptoethanol, and placed in boiling water bath
for ~3 min to denature protein. Equal volumes (~15pl) of both the crude IPTG-induced
and the non-induced cell lysates were loaded onto duplicate 12% Tris/glycine
polyacrylamide gel (1 mm thick Mini-gels, Novex). The induced and non-induced lysate
samples Were electrophoresed together with prestained molecular weight markers
(SeeBlue, Novex) under conventional conditions using a standard SDS/Tris/glycine
running buffer (BioRad). Following electrophoresis, one gel was stained with commassie
briliant blue R250 (BioRad) and then destained to visualize novel IPTG-inducible
protein(s) .The second gel was electroblotted onto a PVDF membrane (0.45 micron pore
size, Novex) for ~2 hrs at 4 °C using a BioRad Mini-Protean || blotting apparatus and
Towbin's methanol (20 %) transfer buffer. Blocking of the membrane and antibody
incubations were performed according to methods well known in the art. A monoclonal
anti-RGS (His)3 antibody, followed by a second rabbit anti-mouse antibody conjugated to
HRP (QiaGen), were used to confirm the expression and identity of the recombinant
protein. Visualization of the anti-His antibody reactive pattem was achieved using either
an ABT insoluble substrate or using Hyperfim with the Amersham ECL

chemiluminescence system.

Example 2: Production of Recombinant Protein

Bacterial strain

A recombinant expression strain of E. coli M15(pREP4) containing a plasmid (pQE30) or
BL21::DE3 containing plasmid pET24d encoding staphylococcal protein was used to
produce cell mass for purification of recombinant protein.

Media

The fermentation medium used for the production of recombinant protein consisted of 2X
YT broth (Difco) containing 100ug/ml Ap and/or 30 ug/ml Km. Antifoam was added to
medium for the fermentor at 0.25 ml/L (Antifoam 204, Sigma). To induce expression of the
recombinant protein, IPTG (Isopropyl B-D-Thiogalactopyranoside) was added to the

fermentor (1 mM, final).

Production of recombinant proteins
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Under native conditions

IPTG was added at a final concentration of 1mM and the culture was grown for 4
additional hours. The culture was then centrifuged at 6,000 rpm for 10 minutes and the
pellet was resuspended in phosphate buffer (50mM K2HPO4, KH2PO4 pH 7) including a
protease inhibior cocktail. This sample was subjected to French pressure lysis using 1500
bar pressure ( 2 runs). After centrifugation for 30 minutes at 15,000 rpm, the supernatant
was reserved for further purification and NaCl was added to 0.5M. The sample was then
loaded on a Ni-NTA resin (XK 16 column Pharmacia, Ni-NTA resin Qiagen) conditioned in
50mM K2HPO4, KH2PO4 pH 7. After loading the sample, the column was washed with
Buffer A (0.2M NaH2PO4 pH7, 0.3M NaCl, 10% glycerol). To elute bound protein, a step
gradient ws used where different proportions of buffer B (0.2M NaH2PO4 pH7, 0.3M
NaCl, 10% glycerol and 200mM imidazole) were added to buffer A. The proportion of
buffer B was gradually increased from 10% to 100%. After purification, eluted fraction
containing the protein were pooled, concentrated and dialysed against 0.002M
KH2P0O4/K2HPO4 pH7, 0.15M NaCl.

This method was used to purify CIfA, SdrG, IsdA, IsaB, HarA, Atl-glucosamine and alpha
toxin.

Under denaturing conditions

IPTG was added at a final concentration of 1mM and the culture was grown for 4
additional hours. The culture was then centrifuged at 6,000 rpm for 10 mintes and the
pellet was resuspended in phosphate buffer (50mM K2HPO4, KH2PO4 pH 7) including a
protease inhibior cocktail. This sample was subjected to French pressure lysis using 1500
bar pressure ( 2 runs). After centrifugation for 30 minutes at 15,000 rpm, the pellet was
washed with phosphate buffer including 1M urea. The sample was centrifuged for 30 mins
at 15000rpm and the pellet was resuspended in 8M urea, 0.1M NaH2PO4, 0.5M NaC],
0.01M Tris-Hcl pH8 and kept overnight at room temperature. The sample was centrifuged
fro 20 minutes at 15000rpm and the supernatant was collected for further purification. The
sample was then loaded on a Ni-NTA resin (XK 16 column Pharmacia, Ni-NTA resin
Qiagen) conditioned in 8M urea, 0.1M NaH2PO4, 0.5M NaCl, 0.01M Tris-Hcl pH8. After
passsage of the flowthrough, the column was washed succesively with buffer A (8M Urea,
0.1MNaH2P0O4, 0,5M NaCl, 0.01M Tris, pH 8.0), buffer C (8M Urea, 0.1MNaH2PO4, 0.5M
NaCl, 0.01M Tris, pH 6.3), buffer D (8M Urea, 0.1MNaH2PO4, 0.5M NaCl, 0.01M Tris, pH
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5.9) and buffer E (8M Urea, 0.1MNaH2PQ4, 0.5M NaCl, 0.01M Tris, pH 4.5). The
recombinant protein was eluted from the column during washes with buffer D and E. The
denatured, recombinant protein could be solubilized in a solution devoid of urea. For this
purpose, denatured protein contained in 8M urea was successively dialyzed against 4M
urea, 0.1MNa2PO4, 0.01M Tris-HCI, pH7.1, 2M urea, 0.1 M NaH2PO4, 0.01M Tris-HCI,
pH 7.1, 0.5M arginine and 0.002M KH2PO4/K2HPO4 pH7.1, 0.15M NaCl, 0.5M arginine.

This method was used to purify Ebh (H2 fragment), AaA, SdrC, FnbpA, Sbi, Atl-amidase
and IsaA.

The purified proteins were analysed by SDS-PAGE. The results for one protein purified
under native conditions (alpha toxin) and one protein purified under denaturing conditions
(8drC) are shown in Figures 3 and 4.

Example 3 Preparation of S. aureus Capsular Polysaccharide Conjugates using
CDAP

Activation and coupling chemistry for native PS8 using CDAP:

SA08-TT004

Activation and coupling were performed at room temperature under continuous stirring.
10 mg of native polysaccharide were dissolved to obtain a final PS concentration of 2.5
mg/ml in 0.2M NaCl. The solution was then adjusted to pH 6.0+/-0.2 before the activation

step.

At time 0, 50 pl of a CDAP solution (100 mg/ml freshly prepared in acetonitrile/WFI, 50/50)
were added manually to reach the appropriate CDAP/PS (0.5/1) ratio.

After 1.5 minutes the pH was raised to pH 9.00+/-0.05 by addition of 0.5M NaOH.

NaOH addition takes about 1 minutes and pH is stabilised at pH 9.00+/-0.05 up to carrier
addition.

At time 4.5 minutes, 1.5 ml of TT (10 mg/ml in 0.2M NaCl) was added to reach the
appropriate Protein/PS ratio (1.5/1); pH was immediately adjusted to coupling pH 9.00+/-
0.05. The solution is left for one hour under manual pH regulation.
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After the coupling step, 0.5 ml of 2M glycine (ratio gly/PS (w/w): 7.5/1) were added; pH
was immediately adjusted to 9.00+/-0.05. The solution was left for 30 minutes under
manual pH regulation. Then the conjugate was clarified using a 5 pm Minisart filter and
injected on Sephacryl S400HR (XK16/100). The flow-rate was fixed at 30 mi/h, using
150mM NaCl.

The elution fractions were analysed by resorcinol and by uBCA. Interesting fractions were

pooled and filtered on 0.22 um Sterivex.

The resulting conjugate had a final TT/PS ratio (w/w) of 1.05 as assessed by resorcinol
and Lowry assays.

Example 4 Preparation of S. aureus Capsular Polysaccharide Conjugates using
CDAP on sized polysaccharides

Activation and coupling chemistry for sized PS8 using CDAP

PS is weighted on the basis of 10% theoretical moisture content. 2 g of native, humid PS
was dissolved overnight in WF| at an initial concentration of 10 mg/ml. Before the sizing,
the solution of native PS was clarified on 5 um cut-off filter.

A EMULSIFLEX C-50 homogenizer apparatus, in which the homogenizing cell was
replaced with a Microfluidics F20Y-0.75um interaction chamber, was used to reduce the
molecular weight and the viscosity of the polysaccharide before the activation step

The size reduction was realized at 10000 psi during the 10 first cycles and then at 15000
psi for the following 60 cycles. The progress of the size reduction was followed in-process
by measuring viscosity. The sizing was stopped after 70 cycles when the target of 2.74 +
0.2 cp was reached.

Activation and coupling were performed at room temperature under continuous stirring.
50 mg of sized polysaccharide 8 were diluted to obtain a final PS concentration of 5 mg/ml
in 0.2M NaCl.

At time 0, 375 ul of a CDAP solution (100 mg/ml freshly prepared in acetonitrile/WFI,

50/50) were added manually to reach the appropriate CDAP/PS (0.75/1) ratio.
After 1 minute the pH was raised to pH 9.00+/-0.05 by addition of 0.5M NaOH.
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At time 2.5 minutes, 10 mi of TT at 10 mg/ml in 0.2M NaCl were added to reach the
appropriate Protein/PS ratio (2/1); pH was immediately adjusted to coupling pH 9.00+/-
0.05. The solution was left for 55 minutes under manual pH regulation.

After the coupling step, 2.5 ml of 2M glycine (ratio gly/PS (w/w): 7.5/1) were added; pH
was immediately adjusted to 9.00+/-0.05 by the regulator. The solution was left for 30
minutes under manual pH regulation.

Then the conjugate was clarified using a 5um Minisart filter and injected on Sephacryl
S400HR (XK26/100). The flow-rate was fixed at 60 mi/h,

The elution fractions were analysed by resorcinol and by protein dosage. Interesting

fractions were pooled and filtered on 0.22 um Millipack20.

The resulting conjugate has a final TT/PS ratio of 1.94.

Example 5 Preparation of S. aureus Capsular Polysaccharide Conjugates using
EDAC

Activation and coupling chemistry using EDAC:

S. aureus capsular polysaccharide type 8-TT conjugate:

PS derivatization

Activation and coupling were performed at room temperature under continuous stirring.

30 mg of native polysaccharide were diluted to obtain a final polysaccharide concentration
of 5 mg/ml in water. The solution was adjusted to pH 4.5-5.0 with 0.5N HCI and then 66
ng of ADH were added (2.2 mg/mg PS). After complete dissolution, 60 mg of EDAC were
added (2 mg/mg PS). After 70 min the pH was raised to pH 7.5 with 1N NaOH to stop the
reaction. Free ADH was removed by purification on Sephacryl S100HR (XK 16/40). The
flow-rate was fixed at 60 mi/h using 0.2 M NaCl as elution buffer. A size reduction was
done by sonication of 15 min allowing a sterile filtration on millex filter (0.22 um).

Coupling

Tetanus toxoid was added to 5 to 10 mg of derivatized polysaccharide in 0.2M NaCl and
the pH was adjusted to pH 5.0 or pH 6.0 by addition of 0.5N HCI. EDAC was dissolved in
0.1M Tris buffer pH 7.5 and then added over a period of 10 min (1/5 vol each 2 min).
According to the conditions used (see Table 6), the reaction was stopped after between
30 and 180 minutes by addition of 1M Tris-HCI pH 7.5. Prior to purification on Sephacry!
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Table 5
Conjugate Coupling [PS (AH)] [TT (AH)] [reagent EDAC]—‘
time (mg/ml) (mg/ml) (mg/mg PS)
SA08-TTO11 40 min 3.58 6.45 0.5/1
SA08-TTO15* 180 min 2 40 0.25/1
SA08-TTO017 30 min 3.75 75 0.25/1
SA08-TTO18 50 min 3,75 75 0.10/1

10  Table 5: * coupling done at pH 6.0

The resulting conjugates have the following characteristics shown in Table 6:

Table 6
Conjugate In. TT/PS F. TT/PS ratio Y. PS FilTr.o/YieId
ratio(w/w) (w/w) rec (%) (%)
SA08-TTO11 2/1 2.43/1 48 99
SA08-TTO15 2/1 2.40/1 53 104
SA08-TTO017 2/1 2.41/1 44 107
SA08-TT018 2/1 2.40/1 42 106

15

S. aureus polysaccharide type 8 was also treated by microfluidization before derivatization
with ADH

20  PS derivatization
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S-GMBS (N-(y-Maleimidobutyryloxy) sulfosuccinimide. Pierce) was added to dPNAG in 0.2M
NaCi (ratio S-GMBS/PS (w/w):1/1) and incubated during 2h at room temperature at pH 7.0
(pH regulation using 1M NaOH). Excess GMBS and by-products were removed by purification
on Toyopearl HW-40F using PBS, 10 10mM EDTA, 50 mM NaCl pH 7.2 as elution buffer with
a flow-rate fixed at 60 ml/h. The elution pool was selected in function of the optical density
(UV=206 nm) and then concentrated on Vivaspin tubes 3,000 MWCO or Arnicon Ultra 10,000
MWCO, 15 CouptingtchMas asiiiaiedeiNaeand BonT teathecadrd Tnd& REmarasiradand
stirred at room t@cmpﬁgm@ed\w%g&sa%mé:&nﬁma%Mgﬁﬂathﬁar%cmmét%%ﬁqwg%ﬂ
20-120 min by the,additeR PhayHigiBeAdH ML LadIaPH A% %ﬁ@“ﬁﬁé Bieth 804 10 R 1o
minutes, The cqswat@.wqm@wf@w#e Hsﬁrow 8&&@%@@;‘ SSORRKE 655

i

XK16/100 th fixe

Enl/h The e)ﬁj?lro r( %g@sg Wegb(;%; g@r e#?%rBHB g;f Ef¥olr rea r%’lge%nltxe %was
fractions were Q erlv con egFe
polysaccharide %\ﬁ%’}l "?(Sfe @%HBQR.&? ‘C W&B?ﬁae)“ﬁaftﬂ& -j3ge

ConjugateN-ac&fftat ﬁ?ﬂ %%Q\mé] using gt?g% o A BH R g/m1 mg/m1 (mg) (min)
dPNAG- T10010

Coupling

100 mg of TT was added to 50 mg of derivatized polysaccharide in 0.2M NaCl. The pH

15  was adjusted to pH 5.0 + 0.02 by addition of 0.3N HCI. EDAC was dissolvedd in 0.1M Tris
buffer pH 7.5 and then added over a period of 10 min (1/10 vol each minute). According to
the conditions used (see Table 8), the reaction was stopped after between 30 and 180
minutes by addition of 1M Tris-HCI pH 7.5. Prior to purification on Sephacryl S400HR, the
conjugate was clarified using a 5um Minisart filter. The conjugate was then injected on

20  Sephacryl S400HR (XK50/100). The flow-rate was fixed at 60 mi/h using 150 mM NaCl as
elution buffer. The elution pool was selected on the basis of resorcinol and uBCA profiles
(which measure polysaccharide and protein dosage respectively). Then, the conjugate
was filtered on a 0.22 um sterilizing membrane (Millipack 20) at 10 ml/min.

25 Table7
Conjugate Coupling [PS-AH] [TT] [EDAC]
time (mg/ml) (mg/ml) (mg/mg PS)
SA08-TT045 65 min 3.83 7.66 0.1
SA08-TT046 45 min 3.75 75 0.2
SA08-TTO047 30 min 5.0 15.0 0.2 N
SA08-TTO048 120 min 5.0 10.0 0.05
SA08-TTO049* | 50 min 50 10.0 | 0.1

* EDAC added in “one time"

Table 8
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10* 15 -15 30 120 dPNAG--17 011 12 2420 120 dPNAG- Tr 012 10'17,5 3522 80
dPNA6-77 019 34 1010 20 dPNAG-TT 020

10

16

20

Conjugate In. TT/PS F. TT/PS ratio Y. PS Filtr. Yield
ratio(w/w) (w/w) rec (%) (%)
SA08-TT045 2/1 2.20/1 57 101
SA08-TTO046 2/1 2.80/1
SA08-TT047 3N Gel- Not purified = -
SA08-TT048 2/1 3.35 30 101
SA08-TT049 2/1 35 24 106

Example 6 Preparation of S. aureus Capsular Polysaccharide Conjugates using
EDAC on de-O-acetylated S. aureus polysaccharide 8

De-0O-acetylation

0.1N NaOH was added to 16 ml of sized PS (10 mg/ml) to target a final PS
concentration of 9 mg/ml and a final NaOH concentration of 0.1N. After a
treatment of 1 or 2 h at 37°C, the PS had a level of O-acetylation of 35 and 12%
(Hestrin dosage) respectively in comparison to the untreated PS.

0.1N NaOH was added to 19 ml of sized PS (10 mg/ml) to target a final PS
concentration of 9.5 mg/ml and a final NaOH concentration of 0.05N. After a
treatment of 1 or 2 h at 37°C, PS had a level of O-acetylation of 78 and 58%
(Hestrin dosage) respectively in comparison to the untreated PS.

The derivatization step was done as shown previously for an untreated PS.

Table 9
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3422 10 20 'l.4ot done on the lot used in the conjugation but esti teci on a previous lot by
NMR using the some de-N-acetyktion method, 5 dPNAG-SPDP: A 5-fold molar excess of
SPDP (N-Succinirnidy1-3-(2-Pyridyidithio) Propionate, MW: 312.4, Pierce) dissolved in DM80
(dimethyisuifoxid, Merck) was added to 100 mg of dPNAG at 5mgirni in 100 rnM Na
phosphate, pH 7.2) and incubated 1 h at room 10 temperature. Before purification on
Sephacryi SIOOHR (XK16/40) the reaction mixture was concentrated to -1.- 6 ml on Amicon
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Removal of the O-acetyl groups resulted in an increased availability of reactive carboxylic
groups. Indeed, the derivatization level of a PS having only 12% of O-acetyl groups was +

5 2.5-fold superior to the one having 78% of O-acetyl groups.
Coupling was done as shown previously for a untreated PS
Table 10
Conjugate O-acetyl Coupling | [PS-AH] [TT] [EDAC]
level time (mg/ml) | (mg/ml)
(mg/mg PS)
%
SA08-TTO056 35 45 min 287 5.74 05
SA08-TT057 12 30 min 2.62 5.24 05
SA08-TT058 78 50 min 3.16 6.32 05
SA08-TT059 58 40 min 253 5 05
10
Table 11
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10 at room temperature, the release of pyridinei-2-thione was followed by its characteristic
absorbance at 343 nm. The thiolated protein was purified from excess OTT by gel filtration
(PD-10, Arnersham), After concentration on Amicon lite 10,000 MWCO, protein content was
estimated by Lowry dosage. 15 cIPNAG-SPDP TT-3H or TT-LC-SH (dPNAG-TT014 and 016)
Coupling was performed at room temperature under continuous stirring and with an initial
TT/PS ratio (w/w) of 2/1. dPNAG and TT-SH were mixed in order to obtain final PS

concentration af 20 and [ After o
unreacted suffhyydry {33 rb[%ps were q {1% 1d3‘ct| % ec1oacet%/rrr? (Me'?éplzs 57\33\0
and TT-LC-SH was mixed in order to o'b ain a final PS CS)nc ntration Of 1 g/mla final
protein concentrat gf /rd. After min, unreac Ifhydryl ar ere quenched
by addition of -Iogz)aceél?nq%% (I\/Ierck) Then|the cotrﬁuqate is clarlfigg%sin a6 LLJ)I(:%%
Minisart filter and wjemes@ssPen hacrylz’gyi%OOHR (Xk.16{1Q0}, Elution Wg\§6eal zed |{bggp rni
NaCi with a flow-rate fixed at 30 ml/h. The elution fractions were analysed by hexosamine and

by protein dosdgeglygrastipgsfractions yygre pooled ang filgred on D.23pm Steriveyg30 The
resulting conjugates-have-afinal IT/PS ratio (wtiw)-0f 2.18 (TT-SH)-and-2.24 SH). 35 '

Thiolation of dRNAfA08LT-Powg of DTT (d414-Dithjothreitglggaerhinger Msggheim, MY 2
154.24) were added-to-16,5-mg-of dRPNAG-SRPDP_After2-h-at roomtemperature,-the release
of pyridine-2-thione was foiiowed by its characteristic absorbance at 343 nm. The thiolated PS
was purified from excess OTT by gel filtration (Toyopearl HW40F) and then concentrated to
860 pl on Amicénddipie 1;00jud4téG Of dMNMWEG-SH 4- TT-SPDP (dPNAG-170171

Coupling was performed at room temperature under continuous stirring and with an initial
10fl/PS ratie® (WAfitiord bhd @3DNrg D EMAET -SPDP were mixed in order to obtain a final
PS concentration of 7.73 moiml and a final protein concentration of 13.3 mg/mi. After 90 min,
unraacted sulfhydryl groups were quenched by addition of 2-lodoacetamide (Merck), Then
the conjugate veENA&-Ti€cdasingate pm Minisart filter and injected on Sephacryi 15S300HR
(XI<161100). Elution was realized in 200 rntvl Nadi with a flow-rate fixed at 30 ml/h. The
elution frat@iond bee flialyised byriegateamiveranprbgymeadeinsitasatye. inmyesoiee fradtisaibed
were pooled ar}gef,gt@é%qlon 0.22 j.tm Sterivex, The resulting conjugate has a final TT/PS ratio
(w/w) of 2.74.

—_—

dPNAG-TT010: dPNAG-S-GMBS + DTT treated TT-LC-SPDP
dPNAG-TT011: dPNAG-S-GMBS + DTT treated TT-LC-SPDP
15 dPNAG-TT012: dPNAG-S-GMBS + DTT treated TT-SPDP
dPNAG-TT014: dPNAG-SPDP + DTT treated TT-SPDP
dPNAG-TT017:DTT treated dPNAG-SPDP + TT-LC-SPDP
dPNAG-TT019: dPNAG-S-GMBS + DTT treated TT-SPDP
dPNAG-TT020: dPNAG-S-GMBS +DTT treated TT-SPDP

20
dPNAG

1g of PNAG was dissolved in 5N HCI at a concentration of 20mg/ml and was
incubated for 1 hour. It was then neutralized with 5N NaOH. The solution was
25 clarified on a 5um membrane and purified on Sephacryl S400HR. Interesting
fractions, corresponding to the “medium molecular size” (see Infection and
Immunity, 70: 4433-4440 (2002)), were pooled and concentrated prior to de-N-

acetylation treatment.
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20 Example 8 Formulation Adjuvant compositions The conjugates were inoculated either
unadjuvanted or adjuvanted with adjuvant A, having the following composition: 25
Composition of Adjuvant A Qualitative Quantitative (per 0,5 mi. dose) Liposomes! DOPC 1 mg
30- cholesterol 0.25 mg 3DMPL 50 pg Q821 50 pg KH2PO41 3.124 mg Buffer
Na2HP0410.290 mg Buffer 35Nadi 2.922 mg (100 m111) WFI g.s. ad 0.5 nil Solvent pH 6,1 1.
Tolal PO4 concentration 50 ro M Example 9 Animal experiments. Female CD-1 mice, 8 to 10

weeks old, are DitaflHiRBnehAHusadert aWbrABRES 3dg 2t A B oPlefaliy After

studies, five gragptaikzation] th€prdduricrar suthedtedge disyrsiparitboeatyniratipmith serial
dilutions of S. &trees grown on CSA plates. The nocular sizes range from -1010 to 108

CPU/mouse, Mortality is assessed on a daily basis for 3 days. The 50% lethal doses (LDsos)
is estimated bﬂﬁ&ﬁéﬁ@model of the dose response relationship, The null hypothesis of

common LE:s was tested by the likelihood
S-GMBS (N-¥ -Maleimidobutyryloxy) sulfosuccinimide, Pierce) was added to

dPNAG in 0.2M NaCl (ratio S-GMBS/PS (w/w):1/1) and incubated during 2h at
room temperature at pH 7.0 (pH regulation using 1M NaOH). Excess GMBS and
by-products were removed by purification on Toyopearl HW-40F using PBS,

10  10mM EDTA, 50 mM NaCl pH 7.2 as elution buffer with a flow-rate fixed at 60
mi/h. The elution pool was selected in function of the optical density (UV=206 nm)
and then concentrated on Vivaspin tubes 3,000 MWCO or Amicon Ultra 10,000
MWCO.

15  Coupling

GMBS-activated dPNAG and DTT reduced TT-SPDP were mixed and stirred at
room temperature. According to the conditions used the reaction was quenched
after 20-120 min by the addition of cysteine (4 mg/mi in Na phosphate buffer pH
20 8.0) for 30 minutes. The conjugate was clarified on 5 um filter and injected on
Sephacryl S300HR resin (XK16/100) for purification. Elution was realized in 200
mM NaCl with a flow-rate fixed at 30 ml/h. The elution fractions were analysed by
hexosamine and by protein dosage. Interesting fractions were pooled and filtered
on 0.22 um Sterivex. The final conjugate was tested for polysaccharide

25 (hexosamine dosage) and protein composition (Lowry dosage).

Table 12
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10 ratio test. Sublethal bactemmia is initiated by challenging groups of 8 to 20 mice by the
intravenous (i.v.) route with - 2 x 106 CFLYmouse or by the i.p. route with - 2 x 10t
CFLItmouse. After inoculation separate groups of animals are bled from the tail at specified
times, and the bacteremia levels are estimated by quantitative plate counts performed in
duplicate on tryptic soy agar plates with 5% sheep blood (Becton Dickinson 15Microbiology
Systems). Statistical significance is determined with the Welch modification of the unpaired
Stutent's t test, [Exafapiaa® Immithogemietisnof SIPAWEUS IPE34T Bfidcdle NAGUPITtrenjligates

20 Groups of 80 mice were ino¢ulate®$ibcutandwisly witsS qurdme)P58-TT(B6Njugdte at a
saccharide dose-of 3ag, either mndnl\'/nntpd ar combined with adjuvant A,_on days 0, 14, 28

and 42. On da)‘ﬂfﬂ!&cﬂzélgg%mpd A% rst sacchalide dosdSnc Ildin?[? het lr-\pnlm')ﬂ1 and
0,013p.g. The fu A GRS P munisat®ns wete ddRe wiith® dase &0 3ag in 4&%ne. On day
55 serum was 2 dPhA ngmé - the iite andleadi-2erdm 38mple Was qutpd I&Q ELISA to
assess the imnadh J* s 1S nnin:faﬂ;R Gr '\||nc5nf 10-miCe \xprn ¥sedin fht:-znonntrn groups

and these wereif Ul either ¥line of salfe contafning adi®ant A_TRE purified P58
was coated at 2 pgﬂml danpla@esmafe@ufﬁefﬁdcsaﬁgam B‘B)eenntalg!a 03Q piaebog | srisy ollne
plates (Nunc Maxmﬂn@)‘lwmgiatmaéeﬁlﬁbenwﬁt&s were blocked with PBS-BSA 1% for 30
min at room temperature with agitation. The mice antisera were prediluted 11100 , then
further twofold dilut@t Were made in microplates which were incubated at 37'C for 1 hour.
After washing, bourginjugaiiee antiRadyrgasRelepied Asingriéo| Jackses deamupakain giode
Inc. peroxidase-conjugated affiniPurgsagat Anti-MopgeJgG (Hit) (refe)l 15-085-003pgliluted
1:5000 in PBS-twérmB-05%10The detgation arftibodiass ywere incubatggd for 30 minutes at ropm
temperature with ¢epiiegiarToling color vas developegigssng 4 mg OBl (Sigma) + 5gai H202
per 10 ml pH 4.5 drliNscitmatezbuffer fay 615 minuteg gpthe dark at rgem temperatumss The
reaction was stopehe4tTdPpl HOI, and the pptical4ignsity was regd at 490 nai refative to
650 nai. The resulesimereTarpressed inmmidpoint titerssand the GMTawas calculategbfor the BO
samples (10 for controls). The results are shown in Table 14 below. Table 14 Conjugate
Anti-P88 tifre (GMAGFHBPBRSorbed

2]

A 5-fold molar excess of SPDP (N-Succinimidyl-3-(2-Pyridyldithio) Propionate, MW:
312.4, Pierce) dissolved in DMSO (dimethylsulfoxid, Merck) was added to 100 mg of
dPNAG at 5mg/ml in 100 mM Na phosphate, pH 7.2) and incubated 1 h at room
10  temperature. Before purification on Sephacryl S100HR (XK16/40) the reaction mixture
was concentrated to + 6 ml on Amicon Ultra 10,000 MWCO (centrifugation at 3000 rpm
during 28 miin). Elution was realized in phosphate buffer pH 7.4with a flow-rate fixed at 60
mi/h. The interesting fractions (read at 206 nm) were pooled and concentrated to 1.1 mi
on Amicon Ultra 10,000 MWCO (centrifugation at 3000 rpm during 30 min).
15
TT-SPDP:

A 15-fold molar excess of SPDP (Pierce) dissolved in DMSO (dimethylsulfoxid, Merck)
was added to 1 g of TT (50 mg/ml) in 100 mM Na phosphate, pH 7.2 and incubated 80
20  min at room temperature. Then the product was injected on Sephacryl S100HR (XK16/40)
and eluted in 100 mM Na acetate pH 5.6, 100 mM NaCl, 1mM EDTA with a flow-rate fixed
at 60 ml/h. The elution pool was selected in function of the optical density (UV=280nm)
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Arsti-PS8 titre (GMT) Adjuvant A SA08-1T011 4744 2109 SA08:17015 2806 5631
BA0841-017 3770 4396 SA08TTUI 8 5349 4748 Control 50 50 10 Groups of 30 mice were
inoculated subcutaneously with S. aureus dPNIAG-TT conjugates (containing dPNAG which
was between 10% and 30% N-acetylafed) at a saccharide dose of 0.3ag in 200mM NacCl,
either unadjuvanted Or combined with

10

16

20

25

30

35

and then concentrated to 19.6 ml on Amicon Ultra 10,000 MWCO (centrifugation at 3000
rpm during 75 min).

TT-LC-SPDP was produced as TT-SPDP but using LC-SPDP (Succinimidyl 6-[3-(2-
pyridyldithio)-propionamidolhexanoate, Pierce) and an incubation time of 60 min.

JT-SH or TT-LC-SH

DTT was added to TT-SPDP or TT-LC-SPDP in a DTT/TT ratio (mg/mg) of 0.7/1. After 2h
at room temperature, the release of pyridine-2-thione was followed by its characteristic
absorbance at 343 nm. The thiolated protein was purified from excess DTT by gel filtration
(PD-10, Amersham). After concentration on Amicon Ultra 10,000 MWCO, protein content
was estimated by Lowry dosage.

dPNAG-SPDP + TT-SH or TT-LC-SH (dPNAG-TT014 and 016)

Coupling was performed at room temperature under continuous stirring and with an initial
TT/PS ratio (w/w) of 2/1.

dPNAG and TT-SH were mixed in order to obtain a final PS concentration of 20 mg/ml
and a final protein concentration of 40 mg/ml. After 30 min, unreacted sulfhydryl groups
were quenched by addition of 2-lodoacetamide (Merck).

dPNAG and TT-LC-SH was mixed in order to obtain a final PS concentration of 10 mg/ml
and a final protein concentration of 20 mg/ml. After 75 min, unreacted sulfhydryl groups
were quenched by addition of 2-lodoacetamide (Merck).

Then the conjugate is clarified using a 5 um Minisart filter and injected on Sephacryl
S300HR (XK16/100). Elution was realized in 200 mM NaCl with a flow-rate fixed at 30
mi/h.

The elution fractions were analysed by hexosamine and by protein dosage. Interesting
fractions were pooled and filtered on 0.22 pum Sterivex.

The resulting conjugates have a final TT/PS ratio (w/w) of 2.18 (TT-SH) and 2.24 (TT-LC-
SH).

Thiolation of dPNAG
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15 adjuvant A. The mice received three inocuiations on days 0, 14 and 28. On day 41 or 42
serum was collected from the mice and each serum sample was tested by ELISA to assess
the immune response against PNAG. Groups of 10 mice were used in the contra groups and
these were inoculated with saline or with adjuvant alone. 20 Atsti-PNAG EWA-  Purified
PNAG (2.5 pgitril) mixed with methylated HSA (2.5 pgitril) diluted in phosphate buffered saline
(PBS) was coated on high binding microtitre plates (Num Maxiserp) 25overnight at 4 C. The
plates were blotk&dWiwf PBE (B.3DitintawiivinBaesingerMagitaion Mitie 191ci4 hneise pdldedrie

prediluted 1/1066 Hhaiy birdreawciotp diutions w&&mﬂ@é&m’@m@@&%ﬁ!@ ingldriedabne
o erae Wb A BI9R Bl Bl AEINERANG DR THL NI MR

detected using cks unoL oraorles e peroxidase- conjugate

Anti-Mouse Igdreaigxgess Pi5- @3%@953&90@9@@@00*%%935&&6@ popaenEated los) mims

detection afitibodiesmeie ingobaae/ézy. 30 min. at room temperature with agitation. The color
was developed using 4 mg OPD (Sigma) + 5 pl H202 per 10 ml pH 4.5 0.1M citrate buffer for

15 minutes in t r r eaction was stopped with 50 pi HC1, and
the optical den%@eﬁ%%o 650 1/F11. A%pMT was calgulated on the
mid-point titers of the 30 samples (10 for the controls). Table 15 Conjugate Anti-PNAG GMT
Non-adsorbed &gk A Inﬁ%%rﬁt@ﬁb&%ﬁﬂ%@r%3%8%@%&&%%@«%9% ihikiat
40899 dP%AGLF.P/E,g 5(’1le of(?N/AG -17020
dPNAG-SH and TT-SPDP were mixed in order to obtain a final PS concentration of 7.73
mg/ml and a final protein concentration of 13.3 mg/ml. After 90 min, unreacted sulfhydryl
groups were quenched by addition of 2-lodoacetamide (Merck).
Then the conjugate was clarified using a 5 um Minisart filter and injected on Sephacryl
15  S300HR (XK16/100). Elution was realized in 200 mM NaCl with a flow-rate fixed at 30
ml/h.
The elution fractions are analysed by hexosamine and by protein dosage. Interesting

fractions were pooled and filtered on 0.22 um Sterivex.
The resulting conjugate has a final TT/PS ratio (w/w) of 2.74.

20 Example 8 Formulation

Adjuvant compositions

The conjugates were inoculated either unadjuvanted or adjuvanted with adjuvant A,
having the following composition:
25
Composition of Adjuvant A
Qualitative Quantitative (per 0.5 mL dose)
Liposomes: :
-DOPC 1 mg
30  -cholesterol 0.25 mg
3DMPL 50 ug
QS21 50 ug
KH2PO413.124 mg Buffer
Na2HPO4 10.290 mg Buffer
35 NaCl2.922 mg
(100 mM)
WFI q.s. ad 0.5 ml Solvent
pH 6.1
1. Total POa concentration = 50 mM
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656 10080 dPNAG-TT014 3429806 cIPNAG-TT017 2038094 dPNAG-T1012 39840509 d
PNAG-TTO1 719 7937 Control 50 50 Example 11 iminuriogenicity of Pr-TT conjugates made
by the CDAP method Results Table 16 78 Example 12 Opsonophagosytosis assay. 5

Example 9
Animal experiments.
Female CD-1 mice, 8 to 10 weeks old, are obtained from Charles River Laboratories,
5 Kingston, Mass. For lethality studies, five groups of 9 to 11 CD-1 mice are challenged
intraperitoneally (i.p.) with serial dilutions of S. aureus grown on CSA plates. The inocular
sizes range from ~10" to 10° CFU/mouse. Mortality is assessed on a daily basis for 3
days. The 50% lethal doses (LDsgs) is estimated by using a probit model of the dose-
response relationship. The null hypothesis of common LDs,s was tested by the likelihood
10  ratio test. Sublethal bacteremia is initiated by challenging groups of 8 to 20 mice by the
intravenous (i.v.) route with ~ 2 x 10° CFU/mouse or by the i.p. route with ~ 2 x 107
CFU/mouse. After inoculation separate groups of animals are bled from the tail at
specified times, and the bacteremia levels are estimated by quantitative plate counts
performed in duplicate on tryptic soy agar plates with 5% sheep blood (Becton Dickinson
15 Microbiology Systems). Statistical significance is determined with the Welch modification

of the unpaired Stutent’s ¢ test.

Example 10
Immunogenicity of S. aureus PS8-TT and dPNAG-TT conjugates

20 Groups of 30 mice were inoculated subcutaneously with S. aureus PS8-TT
conjugate at a saccharide dose of 3pg, either unadjuvanted or combined with
adjuvant A, on days 0, 14, 28 and 42. On day 0, the mice received a first
saccharide dose including between 0.001 and 0.013pg. The further three

immunisations were done wuth a dose of 0.3ug in saline. On day 55 serum was

25 collected from the mice and each serum sample was tested by ELISA to assess
the immune response against PS8. Groups of 10 mice were used in the control
groups and these were inoculated with either saline or saline containing adjuvant
A.

The purified PS8 was coated at 2 pg/ml in phosphate buffered saline (PBS) on high
30  binding microtitre plates (Nunc Maxisorp) overnight at 4° C. The plates were blocked with
PBS-BSA 1% for 30 min at room temperature with agitation. The mice antisera were
prediluted 1/100 , then further twofold dilutions were made in microplates which were
incubated at 37°C for 1 hour. After washing, bound murine antibody was detected using
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The in vitro opsonophagocytosic killing of aaureus by human polymorphonuclear leykocytes
(PMNs) is performed as described in Xti at al 1992 infect, Immun, 60; 1358. Human PMNs are
prepared from hepannized blood by sedimentation in 3% dextran T250. The opsonic reaction
mixture (1 ml) contains - 106 KiNs in RPM! 1640 medium 10 supplemented with 10%
heat-Inactivated fetal calf serum, - 10(' CFU of S-aureus, and 0,1 ml of the test serum or IgG
preparation, Hyperimmunized rabbit serum is used as a positive control, and 0.1 ml of

nonimmune rabRiSRUMMNIASLLBBMH R GRTR F‘Jﬁogea% akla&é%mmr&%a Xh@wsa&é'%b

mixtures are incybated at trans

into water and EL %ﬁfgnt? qu %?%q}‘g%d? %1%%? %tg 5y §’rg ??‘géﬁé%a?gaf’g{es
37C for bacten%ﬂ!le&df‘ﬁ%’ﬁéﬁdow”%Hﬂiﬁéaﬁ)a&iowoﬁxéﬁmﬁlﬁalggwfhn@GH@f{j@nlcﬁﬂy glor was
staphylococcalqenatepss sinygchragn OFPabSiksrAn s MaDR2 permamnit el wilodMifiedte buffer for

staphylocogcal @y aiginssith %Q@b@ﬂ%ﬁ%lﬂﬁ%e'“?H%%Scﬁ@ﬁ@v&é‘%dﬁ!@&%vlfﬁ%lﬂ'@ thge

times (days O, 8).w @ roteir nted in Speed. Rabbits were
immunized threag}et?rﬁfgcsﬁa ( ays ad y 25 é) pg o each proteins adjuvanted in
Speed. Immun 128 re coIIected an d evaluated in anti-protej d anti- |II Whole cel
RASA, Antl- Proteln %m@&’ e prﬁsﬁled"prr?)'és no%{;t's%rga e%tg irf] |Sncp osp te bﬁ'??e# d
saline (PBS) oﬁ%‘@fﬁ)fﬁ%fﬁ@Wﬂgﬂﬁkry‘ﬁléﬁ%g‘m[ﬂﬁm&l@om'%%%ﬁm at 4' C. The plates
were blocked vxflglg g’ 4S BSA /Wo. for 30 min at RT with agitation. The test samples were then
diluted 1/100 c! incubated at room temperature for 1 hour with agitation. After washing,
bound murine mmﬁntlbody was defdEPESIHEOENION Imm{IABLIR AH5R G
peroxidasecopjugated affiniPure Goat Antiovieissebigds (H+L) (ref: 115d)30apB) or -MiniPure
Goat Anti-RalngA“q-rm. (ref—11-635-903) d”utcd&;"._)‘?GO in-PBSttween-0: G\'._?"/ Fhe
detection antipadies were incubated for 30 min. at room temperatyre with agitation. The colo
was developed®AIHd P18y OPD (Sigmd) 5 pi H202288% 10 ml pH 4.5 0.1M cit?&!10buffer fof
15 minutes in tﬂA(IBaTK(HUroom temperalure The re:awtu)n was stopped with 6@3deHC}, and the
optical density syas Rt & ativeto- 6560, ;The-OD-for-a 111000 dijytion-of Post
ill was compa ith the same |Fut|on of Prerimmune sera. 15Resuits
generated witHGAREhnd rabbit sera are| presented iA&igure 5. A dood serocorR®rsion againkt
each antigen was observed. Evaluation of sera directed against SBI was impaired due to the
Ig binding activity of this protein, whole cells EUSA: 20 Killed whole cells (heat or
formaldehyde inactivated) from S. aureus type 5 and 8 or S. epidermidis strain Hay were

coated at 20 p§iouRH phaprige M(ETe riPadRiRd (SHSHANARUSININGIR S RYGHE FTIAS-TT
(Nunc Maxisorgy pygsteg iEah iy dP RWE UIRER WaEScRIRISS 1031en0 8090 NUR étfRsted PAY

1% 30 min at room temperature with agitation. Protein 25 A was neutralised by addition of

lonimi of Affinf/SBeRRH e ARSEAhCHEPTAQRAM e Gl rithe nUSBAIARIBHRY Wpﬁngwﬁh

0.05% follgweddjyviauRATRBG foicd Redivabranee ﬁﬂﬁd@@éﬁ@#@ofﬂ@%ﬁ@@ Saple 28vers ey
diluted two-fold on_the rnlcro late jn PBS-0.05% from a s rtln dilution at 1/10 and W@&

1 hour at room feﬁp%%é” tl‘foo{ }ﬁ%ﬂ Rt ?ﬁ[HmeS%V‘ BM@?\&&

detected usingEld8Astonassess the immune response agalnst PNAG. Groups of 10 mice were

used in the control groups and these were inoculated with saline or with adjuvant
alone.

20
Anti-PNAG ELISA:

Purified PNAG (2.5 pg/ml) mixed with methylated HSA (2.5 ug/ml) diluted in phosphate
buffered saline (PBS) was coated on high binding microtitre plates (Nunc Maxisorp)
25 overnight at 4° C.
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30 ImmuneLaboratories Inc. peroxidase-conjugated affiniPure Goat AntiMouse IgG (HtL) (ref:
115-035-003) or AffiniPure Goat Anti-Rabbit IgG (HL) (ref: 11-035-003) diluted 1:5000 in
PBS-tween 0.05%. This detection antibodies were incubated for 30 milt at room temperature
with agitation. The color was developed using 4 mg OPD (Sigma) 5 pi H202 per 10 ml pH 4.5
0.IM citrate buffer For 15 minutes in the dark, at room temperature. The reaction was stopped
with 50 pl HO, and the optical density was read at 490 nm relative to 650 nrn, It should be

rioted that expressipRiRYals Ofuatels i HBsBlacess wlwﬁrztdﬁwﬂmgﬁ%.SHlt% mice

conditions. ThereI ore a ne atl\(/ﬁuﬁegu %W%hreﬂ?c&hthe chf%llge X L1;t|l(nr(]:so\r’\rlg%t C % c‘é)])'ndltlogns
rather than a Iac |mmun en|C|t he' results using mice Sereare's own in apte ¥ d

some of the grabﬂ§avea%%ﬁ%mumee@twwm@rs%ghfﬂbﬁ ks, AftarevashipgirPaurd murine
observed with setibodirerte datgatedtuSahgC ) derbpA ntthimdBab eratbrisa AndR eeoopiibee ainfhigated

aureus strain SamsrilyeoBsar vadiwithdbagermgirgted 9-@@5@633%%%% 5860 9RI S P
epidennidis Ha(yis q@ggﬁv%cbgu}th ‘Fﬁéaq%'tr%‘fé%d grg%lnqzébAtwg '(Fr%sﬂ% RPAI A IsaA Ebh,

at’ room’
Ma and Sbhi. A selectlon of resuftsagenera ed usin it Sera are own |n ure d

summarized 15 APPEILe1WtR AN} BBdTr]é‘?:(‘}Q“?ftMﬁsof‘?H%IQH‘?gé‘%‘ﬁ%lﬁs‘WaQ ééf%*a)vv tA H
IsaA and IsdB HR@¢RK 18coptitibh & i eitiate busteri fer Wasiiobteendtiedark dtigoml tavpgtature.
animals only rateivestoneviaicetippaativen B theithiae tniesiieas disasfoathrathar poiains.
Table 17 1gxamplg,d4.E8cagy of combinations of staphylococcal proteins in a nasal
colonization model.  Fifteen groups of three cotton rats were inoculated with combinations of
eight staphylogo, i v fon ra IC ret with
no 10antigen, (:Ai'hé(—:-sﬁf"el @s’?étggﬁﬁé%}ﬁp% ?L}gﬁs fo cffo ?,t‘é"ﬁ (r)f)]tu k%dsﬂn it |uc [l(éla?‘r)nltne F idase,
AM, alpha toxin, Sdre.t, Stire, Ebh, Shi Group 2 - AtI glucosamlne Atl-amidase IsdA IsdB,
CIfA. SdrC, Ebp,idnapA Group 3 - Ati-glucosamine, Atl-amidase, HarA,IsdA, MPH, sdB, AM,
alpha toxin 15Group 4 - Ati-glucosamine, HarA, IsdA, AAA, CifA, saA, Ebh, Stal Group 5 -
HarA, MRPII] X2AUgHa toxin, CifA, SIRNtERMAGEMA Group 6 | RakPNAS GMIA alpha
toxin, CIfA, SdrG, Shi, EnhpA Group 7 - Adraatisidbee, ISAA, MRPII, Avalsak\, SdrG, Ebh

innocaorain cad A N\ALHRE =

Frlpr GrOUF ngelﬁﬁlléutuuup 9=+ 'gIUbUballl Iour\, VA'ZLAY
Shi, FritspA Group 10 - Ati-glucdosamine, MRPIi, Is AM GRA, Is

+nu|n lea A

|pS| \légdésgou—\, SerE

dPNAG-TT011 "~ 1133 40899
dPNAG-TT019 425 13429
dPNAG-TT020 656 10080
dPNAG-TT014 342 9806
dPNAG-TT017 203 8094
' dPNAG-TT012 398 40509
dPNAG-TT016 719 7937
Control 50 50

]

15
Example 11 Immunogenicity of PS*-TT conjugates made by the CDAP method

Results
Table 16

Conjugate

Anti PS8 GMT post three
inoculations In mice

Anti-PS8 GMT post two

inoculations in mice

@PSB-TI’-M Specol

207068

41326
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Group 11- Atkamindase, MRPII, IsdB, alpha toxin, Cif& IsaA, Ebh, Sbi Group 12-
Atlilucosamine, HarA, IsdB, alpha toxin, isaA, SdiG, Ebh, FnbpA Group 13- Atkamidase,
HarA, sdB, AAA, IsaA" SdrC, Shi, FribpA Group 14 -Atl-glucosamine, All-ainidase, HarA,
MRPIl, CifA, SdrG, Sbi, FnbpA Group 15 Atkamidase. HarA, IsdA, alpha toxin, CIfA, isaA,
SdfC, SdrG Group 16- HarA, isdA, MRPII, IsdB, SdrC, SdrG, Ebh, Shbi Each mix of antigens
contained 3r.tg of each antigen mixed with an adjuvant made of liposomes containing MPL
and 0321. The ARSE-Td94dAdiukantflated three lind€4®n 10 days [, 14 and 28%Fthe

experiment. T\vsargekSTajickipogulation, the efficagggd the immunisations wejg@ssessed |
using a nasal f isatt as described in 'coked-Ken et al (2003)
Antimicrob.Ag n?g.?? emother. 47: 1589;1597. Classical multiple linear regression analysis

was carried ouAstiH¥aAta using "Design 15 Expert® software, The presence of an antigen
was coded as|lrygl the absence of an|antigen by -gp, USing the equation of the model it
possible to determine-which-antigens-were-the-key-antigens-whichlproduced-a-large-decrease
in the number of colonies per nose. 20Results The results of the nasal colonisation assay are
shown in Table 19. The control group had a mean logCFUinose of 3.51335 and a decrease in
nasal colonisatEampkeld?de see for all the groups of cotton rats inoculated with staphylococcal
proteins. Groups 4, 9 and 13 25 showed the greatest decrease in nasal colonisation with a
decrease of ovOp2dogshiagGaltosieassagups 12 and 16 also gave good results, showing a
decease okabout 2 logs in CFUInose, Table 19 30 The contribution of specific antigens within
the antigen mix was calculated using multiple regression analysis of the nasal colonisation
data The final rhidfel 'Eo?‘n‘fé‘?ng&ﬁ@%@“&ﬂ?%@?‘%ﬂﬁ@%s?@@ﬁ&’ﬁ%“ﬁo%é&’é“ﬁﬂti@%’%@%ﬁ@%‘l‘ﬂﬁﬁﬁrin
Table 20. Withiaykesytem(EXNS) tisepprioteiadnaix dseripeduisiot ef Haigoz aviecthérgneatEst 1358.
decrease in nagahflensaligR Mg&v&ﬂ%%ﬂ%@gﬁd YD AILEASHTOE JMRE
and Ebh. T Be eEffegts.ln difference of Ig eFtl/nose an~d r tlghzf CFUInﬁe forthe s
10antigens in the model A CoFFaSiBhBIKYS-G4imEscon "H'ﬁ%enb@o gy I 1640 medium

10 supplemented with 10% heat-inactivated fetal calf serum, ~ 10® CFU of S-aureus, and 0.1

(2]

ml of the test serum or IgG preparation. Hyperimmunized rabbit serum is used as a
positive control, and 0.1 ml of nonimmune rabbit serum was used as a complete source
for the IgG samples. The reaction mixtures are incubated at 37°C, and bacterial samples
are transferred at 0, 60, and 120 min into water and subsequently diluted, spread on

15 tryptic soy agar plates, and incubated at 37°C for bacterial count after overnight
incubation.

Example 13
20 Immunogenicity of staphylococcal proteins In mice and rabbits

Animals were immunized with purified staphylococcal proteins in order to generate hyper-
immune sera. Mice were immunized three times (days 0, 14 and 28) with 10 ug of each
proteins adjuvanted in Specol. Rabbits were immunized three times (days 0, 21 and 42)

25 with 20 pg of each proteins adjuvanted in Specol. Immune sera were collected and
evaluated in anti-protein and anti-killed whole cells ELISA.

Anti-Protein ELISA:
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| Reduction Cumulative Cumulative estimate ratio effect ratio HarA 0.033 -0.596 3.9 -0.596
3.9 IsaA 0.046 -0.556.. -1.154 14,3 Sbi th077

The purified protein was coated at 1 pg/ml in phosphate buffered saline (PBS) on high

binding microtitre plates (Nunc Maxisorp) overnight at 4° C. The plates were blocked with

PBS-BSA 1%, for 30 min at RT with agitation. The test samples were then diluted 1/1000

‘and incubated at room temperature for 1 hour with agitation. After washing, bound murine

5 or rabbit antibody was detected using Jackson ImmunolLaboratories Inc. peroxidase-

conjugated affiniPure Goat Anti-Mouse IgG (H+L) (ref: 115-035-003) or AffiniPure Goat

Anti-Rabbit 1gG (H+L) (ref: 11-035-003) diluted 1:5000 in PBS-tween 0.05%. The

detection antibodies were incubated for 30 min. at room temperature with agitation. The

color was developed using 4 mg OPD (Sigma) + 5 ul H202 per 10 ml pH 4.5 0.1M citrate

10 buffer for 15 minutes in the dark at room temperature. The reaction was stopped with 50
Ml HCI, and the optical density was read at 490 nm relative to 650 nm.

The O.D. for a 1/1000 dilution of Post |l was compared to the O.D. obtained with the

same dilution of Pre-immune sera.
15 Results generated with mice and rabbit sera are presented in Figure 5. A good
seroconversion against each antigen was observed. Evaluation of sera directed against

SBI was impaired due to the Ig binding activity of this protein.

Anti-killed whole cells ELISA:

20
Killed whole cells (heat or formaldehyde inactivated) from S. aureus type 5 and 8 or S.
epidermidis strain Hay were coated at 20 pug/ml in phosphate buffered saline (PBS) on
high binding microtitre plates (Nunc Maxisorp) overnight at 4° C with evaporation. The
plates were blocked with PBS-BSA 1% 30 min at room temperature with agitation. Protein

25 A was neutralised by addition of 10ug/ml of Affinity Purified Chickedn anti-ProteinA (ICL
ref. CPA-65A-2) diluted in PBS-tween 0.05% followed by incubation for 1 hour at room
temperature. The test samples were then diluted two-fold on the microplate in PBS-0.05%
from a starting dilution at 1/10 and incubated 1 hour at room temperature with agitation.
After washing, bound murine or rabbit antibody was detected using Jackson

30 Immunolaboratories Inc. peroxidase-conjugated affiniPure Goat Anti-Mouse IgG (H+L)
(ref: 115-035-003) or AffiniPure Goat Anti-Rabbit IgG (H+L) (ref. 11-035-003) diluted
1:5000 in PBS-tween 0.05%. This detection antibodies were incubated for 30 min. at room
temperature with agitation. The color was developed using 4 mg OPD (Sigma) + 5 pl
H202 per 10 ml pH 4.5 0.1M citrate buffer for 15 minutes in the dark, at room
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-0.491 3.1 -1.645 44.2 Sdre .............. 1,7L_-0.337 2.2-1.982 96.0 Atl-glucos 0.238-0.324
2,1 -2.306 202.2 MRPI10.239 -0.323 2.1 -2.629 425.3 Ehhl 0.297 -0.286

10

15

20

temperature. The reaction was stopped with 50 pl HCI, and the optical density was read at

490 nm relative to 650 nm.

It should be noted that expression levels of proteins in staphylococci will vary depending
on culture conditions. Therefore a negative result may reflect the choice of incorrect

culture conditions rather than a lack of immunogenicity.

The results using mice sera are shown in Table 17 and some of the graphs are shown in
figure 6. A weak recognition of S. aureus strain 5 is observed with sera directed against
SdrC, FnbpA, Ebh, Sbi and IsaA. Recognition of S. aureus strain 8 is only observed with
the serum directed against Sbi. Weak recognition of S. epidermidis Hay is observed with
sera directed against Atl amidase, MRPII, IsdA, IsaA, Ebh, Aaa and Sbi.

A selection of results generated using rabbit sera are shown in figure 7 and summarized
in Table 18. Very good recognition of the three strains was observed with IsaA and IsdB.
A weak recognition of the three stains was observed with HarA although animals only

received one injection rather than the three injections used for the other proteins.

Table 17

Protein name React on SA5 React on SA8 React on SE Hay
IsaA (+) (+) (+)
CIfA . (+) (+)
Atl amidase . = ++
SdrG = s -
Glucosamidase = A =
IsdA 3 ” ++
Alpha toxin - = -
SrdC ++ (+) -
Ebh + - +
AaA - = ++
MRPII = . ++
Sbi ++ ++ +Ht
FnbpA + + (+)
Table 18
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1.9-2.914 821.0 CLAIMS 1. An immunogenic composition comprising Type 5 and/or 8
capsular polysaccharide or oligosaccharide from S. aureus wherein the Type 5 capsular
polysaccharide or oligosacchadde is between 30% and 100% O-acetyiated. 2, An
immunogenic composition comprising Type 5 and/or 8 capsular polysaccharide or
oligosaccharide from S. aureus wherein the Type 8 capsular polysaccharide or
oligosaccharide is between 30% and 100% O-acetylated. 10 3. The immunogenic composition
of claim 2 wherein the Type 5 capsular polysaccharide or oligusaccharide is between 30%

4T
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FnbpA - ++ ++
Example 14

Efficacy of combinations of staphylococcal proteins in a nasal colonization model.

Fifteen groups of three cotton rats were inoculated with combinations of eight

staphylococcal antigens and five cotton rats which acted as controls were treated with no

10  antigen. These sixteen groups are as follows:

Group 1 — Atl-glucosamine, Atl-amidase, AAA, alpha toxin, SdrC, SdrG, Ebh, Sbi

Group 2 - Atl-glucosamine, Atl-amidase , IsdA, IsdB, CIfA, SdrC, Ebh, FnbpA

Group 3 - Atl-glucosamine, Atl-amidase, HarA, IsdA, MRPII, IsdB, AAA, alpha toxin
15  Group 4 - Atl-glucosamine, HarA, IsdA, AAA, CIfA, IsaA, Ebh, Sbi

Group 5 — HarA, MRPII, AAA, alpha toxin, CIfA, SdrC, Ebh, FnbpA

Group 6 —

IsdA, IsdB, AAA, alpha toxin, CIfA, SdrG, Sbi, FnbpA

Group 7 — Atl-aminidase, isdA, MRPII, AAA, IsaA, SdrG, Ebh, FnbpA

Group 8 — Control

20  Group 9 - Atl-glucosamine, IsdA, MRPII, alpha toxin, IsaA, SdrC, Sbi, FnbpA
Group 10 — Atl-glucosamine, MRPII, IsdB, AAA, CIfA, IsaA, SdrC, SdrG
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and Ni ABC transporter. 11, The immunogenic composition of claim 8 wherein the
staphylococcal protein or fragment thereof is a toxin or regulator of virulence selected from the
group consisting of alpha toxin (Ha), alpha toxin H35R mutant, RNA Il activating protein
(RAP). 5 12. The immunogenic composition of any one of claims 8-11 comprising 2 or more
staphylococcal proteins selected from at least 2 different groups selected from: a) at least one
staphylococcal extracellular component binding protein or fragment 10 thereof selected (corn
the group consiStieip 3f tfiirMndase PMSFP Bited atebes daxia Bifftilsg b rieRBirSbEDNA, EbhB,
Elastin binding protein EbpSg)udobanifd B)aBBisdB/tahrsinexiH AaRdscrcS edb, Swiga, SdrG,

St Lipase Gl 385AR)facE R Gl 3R DA NRASS: FARRIsA, SsaA, EPE.

SSP-1, SSP-2, V|tronect|n binding protein, fibfinogen binding protein, coagulase, Fig and
MAP; 15b) at 159484 stﬁﬂﬂi}lﬁmﬁ?tﬂh@ﬁm&? Mf%'IIMBE faﬂfﬁeﬁ?rtﬁ g@bf 8BR&:ted from
the group consigtiowy ¢ HrikthantdimeiHark, ABE, aipns fodte CHAdIB2A0RIIGEBrGHarA, Mg2+

transporter, Sit@ga0gl NI ABCAIRBAPAREI, 1s8B a8drRaSpBeiRPSlococcal regulator of

virulence, toxin or fragment thereof selected from the group consisting of alpha toxin (Hie),
alpha toxin H35R mutant, 20RNA [l activating protein (RAP). 13. The immunogenic
composition of Baghonis of ertigesslcontained, dra sfapioplcrtigeal s atioheriddjivadnjrgatef
to a protein carlipsd@iEb4icdritaning B gadiQsam pve tartof sty wae ohatakasidtitSswihereion
the PNAGI (s cafzjugated tand Q8roethereigitiniént Thedvauke ageninsaumpesiting efichimlher
14 wherein theigailinsHES e BABERRY BsHaRMAOAREMiSHIRIS s &y ERapenbarerhiesirGied
from the group 4 BBHBpARR HBRLUME RFRRIG U7/ NKgisadya binding protein, EbhA,
EbhB, Bastin binding proteln (EbpS), EFB (FIB), SBI, autolysin, CIfA SdrC, SdrD, SdrE
SdrG, SdrH, Li seG A Fn bA EnbB C CUB FbpA as Is
PSSP, g*a HBNOR oo samah e s e R e Ve e
e e N ok A NN e s
35Ni ABC tranéﬁ@f‘é‘r BYi5fha Ysian (Pf'a)e"édiﬂ?& tB&lW@M%ﬁt%FaPRPWtHI %ﬁﬁUﬁ'ﬂﬁgWh'Ch
protein (RAP). ABig¢he Ypif e deiariaepiositish ereduner13 trde desearsh iRettarmiengsorsin
is selected froreetpeiegreenesmsisting of tetanus toxoid, diphtheria tom:ad, CRM197,
Haemophilus 40influenza protein D, Pseudomonas aenvinosa exoprotein A, pneumococcal
pneurnolysin aResaligha tumid, 17. The immunogenic composition of dams 1-16 wherein an
effective immune response is generated against both S. aureus and S. epiderrniclis.
The results of the nasal colonisation assay are shown in Table 19. The control group had
a mean logCFU/nose of 3.51335 and a decrease in nasal colonisation could be see for all
the groups of cotton rats inoculated with staphylococcal proteins. Groups 4, S and 13
25 showed the greatest decrease in nasal colonisation with a decrease of over 2 logs in
CFU/nose. Groups 12 and 16 also gave good results, showing a decease of about 2 logs

in CFU/nose.
Table 19
30

’Eroup_ Mean observed LogCFU/nose | Predicted LogCFU/nose
1 1.77527 2.03560

2 2.90435 2.52684

3 1.96556 2.23033

4 1.27748 1.21872

5 1.67304 1.93128

6 2.79745 298193
7 2.21481 2.30705
8 3.51355 3.47317

9 1.22480 | 1.44080
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518. A vaccine comprising the immunogenic composition of claims 1-17 and a
pharmaceutically acceptable excipient. 19. A method of making a vaccine comprising the

steps of mixing antigens to make the immunogenic composition of claims 1-18 and adding a
pharmaceutically acceptable 10excipient. 20. A method of preventing or treating
staphylococcal infection comprising the step of administering the vaccine of claim 18 to a

patient in need thereof. 1521. A use of the immunogenic composition of claims 1-17 in the

manufacture of gvaccine for treatowasor prevention of stap
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The contribution of specific antigens within the antigen mix was calculated using multiple
regression analysis of the nasal colonisation data. The final mdel contains the seven best
antigens. Results for these antigens are shown in Table 20. Within the context of the
protein mix, the inclusion of HarA gave the greatest decrease in nasal colonisation,
followed by IsaA, Sbi, SdrC, autolysin-glucosamine, MRPII and Ebh.

Table 20 Effects in difference of logCFU/nose and ratio of CFU/nose for the seven best

antigens in the model and corresponding p-values.

antigen prob >F Effect Reduction | Cumulative | Cumulative
estimate ratio effect ratio

HarA 0.033 -0.596 3.9 -0.596 3.9

IsaA 0.046 -0.558 3.6 -1.154 14.3

Sbi 0.077 -0.491 3.1 -1.645 44.2

SdrC 0.22 -0.337 2.2 -1.982 96.0

Atl-glucos | 0.238 -0.324 2.1 -2.306 202.2

MRPII 0.239 -0.323 2.1 -2.629 425.3 |
LEbh 0.297 -0.286 1.9 -2.914 821.0
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CLAIMS

10.

An immunogenic composition comprising Type 5 and/or 8 capsular polysaccharide or
oligosaccharide from S. aureus wherein the Type 5 capsular polysaccharide or
oligosaccharide is between 30% and 100% O-acetylated.

An immunogenic composition comprising Type 5 and/or 8 capsular polysaccharide or
oligosaccharide from S. aureus wherein the Type 8 capsular polysaccharide or
oligosaccharide is between 30% and 100% O-acetylated.

The immunogenic composition of claim 2 wherein the Type 5 capsular polysaccharide
or oligosaccharide is between 30% and 100% O-acetylated.

The immunogenic composition of any one of claims 1-3 comprising staphylococcal
PNAG.

The immunogenic composition of claim 4 wherein the PNAG is less than 40% N
acetylated.

The immunogenic compasition of any one of claims 1-5 further comprising Type |,
and/or Type Il and/or Type Ill capsular polysaccharide or oligosaccharide from S.
epidermidis.

The immunogenic composition of any one fo claims 1-6 further comprising a S. aureus
336 antigen.

The immunogenic composition of any one of claims 1-7 further comprising a
staphylococcal protein or fragment thereof.

The immunogenic composition of claim 8 wherein the staphylococcal protein or
fragment thereof is an extracellular component binding protein selected form the group
consisting of laminin receptor, SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin
binding protein (EbpS), EFB (FIB), SBI, autolysin, CIfA, SdrC, SdrD, SdrE, SdrG,
SdrH, Lipase GehD, SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA,
EPB, SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein,
coagulase, Fig and MAP.

The immunogenic composition of claim 8 wherein the staphylococcal protein or
fragment thereof is a transporter protein selected from the group consisting of
Immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC
and Ni ABC transporter.
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1.

12.

13.

14.

185.

16.

The immunogenic composition of claim 8 wherein the staphylococcal protein or
fragment thereof is a toxin or regulator of virulence selected from the group consisting
of alpha toxin (Hla), alpha toxin H35R mutant, RNA [Il activating protein (RAP).

The immunogenic composition of any one of claims 8-11 comprising 2 or more
staphylococcal proteins selected from at least 2 different groups selected from;

a) at least one staphylococcal extracellular component binding protein or fragment
thereof selected from the group consisting of laminin receptor, SitC/MntC/saliva
binding protein, EbhA, EbhB, Elastin binding protein (EbpS), EFB (FIB), SBI,
autolysin, CIfA, SdrC, SdrD, SdrE, SdrG, SdrH, Lipase GehD, SasA, FnbA, FnbB,
Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1, SSP-2, Vitronectin
binding protein, fibrinogen binding protein, coagulase, Fig and MAP;

b) at least one staphylococcal transporter protein or fragment thereof selected from
the group consisting of Immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA,
Mg2+ transporter, SitC and Ni ABC transporter;

c) at least one staphylococcal regulator of virulence, toxin or fragment thereof
selected from the group consisting of alpha toxin (Hla), alpha toxin H35R mutant,
RNA Il activating protein (RAP).

The immunogenic composition of any one of claims 1-12 wherein a staphylococcal
polysaccharide is conjugated to a protein carrier.

The immunogenic composition of any one of claims 4-13 wherein the PNAG is
conjugated to a carrier protein.

The immunogenic composition of claim 13 or 14 wherein the carrier protein comprises
a staphylococcal protein or fragment thereof selected from the group consisting of
laminin receptor, SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin binding
protein (EbpS), EFB (FIB), SBI, autolysin, CIfA, SdrC, SdrD, SdrE, SdrG, SdrH, Lipase
GehD, SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1,
SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig,
MAP, Immunodominant ABC transporter, IsdA, IsdB, IsdC, Mg2+ transporter, SitC and
Ni ABC transporter, alpha toxin (Hla), alpha toxin H35R mutant and RNA IIl activating
protein (RAP).

The immunogenic composition of claim 13 or 14 wherein the carrier protein is selected
from the group consisting of tetanus toxoid, diphtheria toxoid, CRM197, Haemophilus
influenzae protein D, Pseudomonas aeruginosa exoprotein A, pneumococcal
pneumolysin and alpha toxoid.
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17. The immunogenic composition of claims 1-16 wherein an effective immune response
is generated against both S. aureus and S. epidermidis.

18. A vaccine comprising the immunogenic composition of claims 1-17 and a
pharmaceutically acceptable excipient.

19. A method of making a vaccine comprising the steps of mixing antigens to make the
immunogenic composition of claims 1-18 and adding a pharmaceutically acceptable

excipient.

20. A method of preventing or treating staphylococcal infection comprising the step of
administering the vaccine of claim 18 to a patient in need thereof.

21. A use of the immunogenic composition of claims 1-17 in the manufacture of a vaccine
for treatment or prevention of staphylococcal infection.

22. A process for conjugating Type 5 or 8 capsular polysaccharide or oligosaccharide
from S. aureus comprising the steps of:
a) dissolving the Type 5 or 8 polysaccharide or oligosaccharide in water or a

saline solution;
b) adding a cyanylating agent (for example CDAP) to form an activated

polysaccharide or oligosaccharide;
c) adding carrier protein so that amino groups react with the activated

polysaccharide to form an isourea covalent link

23. The process of claim 22 wherein the Type 5 capsular polysaccharide or
oligosaccharide is between 30% and 100% O-acetylated.
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