IMMUNOGENIC COMPOSITION Technical Field The present invention relates to the field of
Staphylococcal g')rg‘r)g%o enic compositions and vaccines, their manufacture and the use of
such composition® I iddtcine, More particularly, it relates to vaccine corpHERRIAY053057
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 alsiptoNQS8ENBaCKIMEQSITIMR number of both community
acquired and hospital acquired infections have increased over recent years with the increased
use of intrava3edhnitEali¢éeldHospital acquired (nosocomial) infections are a major cause of
morbidity and mortality, more particularly in the US, where they affect more than 2 million
patients annuay.grediowing:nesiousaidydictheahgidtdd BRISEIcotibeRuRBEeNES MillpRsmYHe an
infection during their stay in hospital. The economic burden in the USA was estimated to be
more than $435GilrsaiINAS deg (Manfreie Gapdie 189 Glsh MeoroiiioRan. Bedi2B). There
most frequent ir%ec ions. are Prila%tract infections (UTI-33% of the_infections), followed by
pneumonia (15 %‘;?rsyuf&fggl &t Ftelio AR TRASHONS SREIHAR ARSI SRR AR IRASGBRALEE3%6)
Einar' and Gayiie s, ks i nbH 8l R PuteR)atichal BUREAT S8 BOE Yethods for the
Coagulase-negative Staphylococci (mostly Staphylococcus epidermic/is), enterococcus spp,
Esherichla cditamibRtsetdnavenishaer ugipbgadiedhenfaeion aspeoiish Paibwasnsréthaigh
those pathogens almost cause the same number of infections, the severity of the disorders
they can prodlité48mbined with the frequency ritibiotic resistant isolates balance this
ranking towards S. aureus and S. epidermic/is as being the most significant nosocomial
pathogens. Staphylococcus aureus is the most common cause of nosocomial infections with
a significant iBeikgdifp@nd mortality (Romero-Vivas et al 1995, Infect. ac 21; 1417), Itis WO
2007/113221PellEP21)07,4 057 the cause of some cases of osteomyelitis, endocarditis,
septic arthritid"BRUTIRSREDARSoENBHEIt A9Aiae SRS ARsRiRhAsAEes NfestiRIals ineiarsemal
skin commermsar \wbiehtiyesso withinheoirteret opp aseiis irpedbagen desgansitiephor infgaHans
of implanted fadieshanviresBrd et alalles atisiendiediealyisures Jlesion by S
epidermidis !}‘cltﬂg c%ac Raoemakers, cerebrospinal fluid shunts, continuous ambu a\fory
peritoneal dialisis catisiEr{ DAL AR RARS SHlioprpativalt rrmiVarvEQliowing Nareus
and S. epidesitities.iatesti nseacentrehtbel Uatipatietits otitt ssogitire penicidtidre thginb etrdiust®f in
choice wheremgpianCoRYEBr e EIMPIIVER RRisanhisolatese TRRPRIGAHIAANI R, in

staphylococc@gatr s exhibiting wide-spectrym resistance to antibiotics has become
increasingly preva%%{ogin%net e%ﬂﬁO' anﬁ'b"ewéﬁr 8> Retecbicttitol, HEspashitranset 13
582), posing'Bf¢rtieas fA5e effeativicaahiifartionsidl THa3ip\of lhea ddittons) Sithewet bppeauergeace
of vancornyoifeIsHEenYSalaResMRSHEME (123 BRI UkRestifRaY h8 RLaIA IRERSIRIRNH) BHERUS
strains will eg?‘%r%gﬁ%% égb%gghfgrwr}g:?qop%e&fesgg‘\é )therapy Is available. An alternative

approach of using les against s aphy?oc':ot:ca antigens in passive 20 immunotherapy
has been investigated. Therapy involving administration of polyclonai antisera are under

developmenf{avty/0e1382381V9 a0 CrERuBe-asaatilbaSteebyloertiviimestiyorfigtopakartisody
against lipotejsheieiaci EHEBBTSYM; RSIBEHBALYP ARPIBEINRHEL DeNSholAt e
vaccination {g gener . response against staphylococci. Seyeral candidates for
inclusion as@accine?ggorr%%;%}%&r?g% 't\)(?é?'egﬁj gfhe%ﬁ i mé?ﬁ%es% |¥n|c aafsCﬁB?gHSc?ﬂH‘%i%n?&f
protein (USSBAYEFENvnesRvEAM ohihe disgrstsas wy)camArsyen wImdinedprsteire frequency
(US600834 Y, BEbiticISsB02/80682a8) ancaige nabkicingvaraiein. (us6239a14) oSelshmigarc3

and SdrH mig) ©HJ 2RI FHIG S BRGNS (WO 00/02523) and 52kDa
vitronectin binding 30protein (WO 01/60852). The S. aureus genorne has been sequenced

and many of the coding sequences have
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



been identified (EP786519, W002/094868). The same is true for S. epicfermidis MO
01/34809). As a refinement of this approach, others have Identified proteins that are WO
2007/113222P /2888753057 recognised by hyperimmune sera fromPaERY UM Fave
suffered staphylococcal infection (W001198499, WO 021059148). The first generation of
vaccines targeted against S. aureus or against the exoproteins it 5produces have met with
limited SUCcesstr(&e&c@@fﬁmgsc%&éo!?lfF’Aﬁgéb%ﬂg%sﬂ_ﬁg h@ﬁ&o&%mﬁ‘.'sr;sﬁ%%‘éeé’nh‘%'g?aea’ﬁer'% monia,

effective vaccines against staphylococcal in escription 0 ures

Polypeptide se§PEHEEES AN oG98k MHERIR®A in an immunogenic 10composition. Table 1
provides information on which protein is represented by each SEQ ID. Figure 2 - Nucleotide

sequences encoiBIAIBRS el RS AR AIRAMN IR AR iRl A BrREES

informatiorljon Wtich%)roteln IS, in?oded %each SEﬂl,?}ﬁJD’ 15 Figure 3Puritication pha
toxin under’ nathve CORAISRY TS KIERIRNS o KRRATHARd Serdicabrisuises @ed miasionst alaripnes
prepared duringuraenpuimistigr ndelishshanfested Ltand.1 epiveletdiarinkigiht caatikerpaaneakers,

soluble fraction-s@ptaiping 0¥k CXRIRSSCERIRNBLO XKk - fﬂa@Y&&HéQH%\J&&E@ RGNS A
column, lane 4@&8@5’&‘? 0.eluted, with E”LO% buffer B, lane 5 - fractions eluted with 20% '
- frac

buffer B, lane tlolns %\fh eso"‘l \?\ﬁtﬂr%% ot'Butﬁg E%?'Yz&’ﬁe 7 - fractions eluted with 50% buffer
B, lane 8 - fractions eluted with 75% buffer B, lane 9 and 10 fractions eluted with 100% buffer

IB, Ian% 111ml?cl:&:r@mﬁﬁdaefca*ﬁdé?%]{@i&qmea?ﬁslgre t?@é’l@fi%ilﬁ‘it ?ﬁﬂi@%&%ﬁ%}ﬂ@lmﬁmg
ane 13 - ce t - S0 raction, lane 15- ins e fraction. 25Panel B shows™a
coomrnassie s%z?ngﬁj%rgsg%ﬁ&g%fi s gafce?rﬁnd’ 1215 ?ﬁ%otéﬂr 8@8& h eﬁi%'?ﬂtlﬂfé’ﬂﬁlgsﬁ The
Purification of BYFENAsGer Strtiirrg «ohltRinss epiibiing, widewaestono rasiatesies skaiarttbiotics
SOS-PAGE ofteanbptesnprinpseasinglyrisrgvdienpuritieation of@épirainmsint Laanedd, -Imlecsiao).
weight marker - eMata insoluble fraction. containing ...
over-expr, sse%?qéi'r%ﬁggr?g olzﬁ?l@ 'flgéév%}thgr%%%?g%%}é}%ﬁfﬁ% cag' :tbnf'r']%o éanpéher 2 F‘Wa&i%%%'t'o"'
eluted with walif BEFRY EMRIARE- 9f XASPRNAINERS AR LR FRireLIaHERin. hasamisedisrs dthaith
buffer E. PanenBtisbitivgasistol- |8/l assee stetinpd SO SREGE DidlspeSans Mapchokéherpuiiied

ScirC. 35 therapy is available.

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 ||

analogue (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



Figure 5 - ELISA results for antisera against staphylococcal proteins in plates coated with
purified proteins, WO 2007/113222PCT/E 2007/453057 Pool mice pre - result using pooled
sera extracted" M HEEBre-innoculation. Pool mice Post 111 - result usin§ PHEREOHEASE 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-immunisatj Ic- negative contal. 5 Figure 6 - EL1SA results for mousge antisera raised
against staph?Poc S%ag p?) teﬁxge{ﬁmrﬂ’i’é‘ &s %%rg?elf? (/nvitﬁai-'ﬁlneta S Q%#;/?(\)/%o(s:tél.ereg,asngmﬁag%%cal
plates coated WgGHSN AYFRRILAERH O 834REI48hole cells. Panel B uses 10plates coated with
S. aureus serotype 8 killed whole cells, Panel C uses plates coated with S. epidermidis killed
whole cells. | i i It. using. antisera.fro
mice mmuist e e A s et SRl & Sl St i TRRB SR
15 diamonid sijRERE R MEL YEI Vel RycerssinkeRIN89% dierdscMicrptinlre 7 162). | Spere
results for rablitrantisenasdiseth wiairtestaphytorescajairsitethitoptatasiteatiensyith killed
staphylococci. 20Panel A uses plates coated with S. aureus serotype 5 killed whole cells.
Panel B uses g tRAEEPMIes- aurous serotype 8 killed whole cells. Panel C uses plates
coated with S. epidermidis killed whole cells. The line marked with square signs shows the
ELISA result using antisera from rabbits 25 immunised three times with the indicated
staphylococcdl$tteih exXteippeBlidaasaanpraes only RAeiHAniomiSlsiPNEE giveymunsgiric
marked With diamrssHigigRatie dvisoides inf@matissutinfomiste Arpleiu irereatssiente dabyDestehl &EQ
description 300‘he 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

polysaccharideiqure iy oSRoelaIies 8 quehreeRiurdnsrdiiR%odracadesh BhPaibkrYenic
embodimentsedh@ Bk NRIRNICHRBS HHIMAINSH WA IR EANIGRANL SRy NIRaEBRAG NAG

or staphylpcoccal protein(s). PNAG is highly conserved among Gram positive bacteria and

proAdes prot ainst a-broad range, of bacteria whereas T 5 and lysaccharides
are potent imﬁrﬁéﬁggaé%s tﬁuﬁ%ﬁ?ﬁ 1o l’]ﬁeP%'Q Sﬂ%eera"agi‘ﬁ%t‘%@'%’f?aiﬁ%@@s_’.gaiﬂ%‘ﬁi a
@E;& Eo?h%ﬁﬁﬂ’@ﬁtﬁfﬁga’ed during the purification of alpha

which is the mcggrtncc%sﬁ?o?\%ﬁfé
toxin. Lane 1 — molecular weight markers, lane 2 ~ soluble fraction containing over-
expressed alpha toxin, lane 3 - flow through from the Ni-NTA column, lane 4 - fractions
20  eluted with 10% buffer B, lane 5 — fractions eluted with 20% buffer B, lane 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 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 1yl 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 10u! of the purified SdrC.
35

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

with purified proteins.



WO 2007/113222PCTIE11,2007/053057 Polysaccharides The Immunogenic compositions of
the invention comprise PNAG and type 5 and 8 polysaccharides from S. aureus either or both
of which are b¥WQEH 1382 and 100% 0- acetylated. Poly N-acetviated clRGSERMNE(BNAG)
PNAG is a pclysacchadde intercellular adhesirt and is composed of a polymer of O0- (1
->6)-linked glucosamine, optionally substituted with N-acetyl and/or 0-succinyl 10constituents,
This ponsaccEaride is present in both S. auraus and S. epidermic:Us and can be isolated

from either so[1FCe TIRE/RE at"&F YbTrapen jararxErsisiren S4ee Bies ResHalRaloat ace
2002, Infect. IR 0; aadbysing PeRismpiRuse N Frissciss ReskiramyrRAtian. fneustiitnre -
MN8rn (WO 0%B4BAGTY PhelqskEpes abact PO Ghbigeerineetitplive Bant3aust RestTiHe-
polysaccharideeguit viinghpiedvabkisspal pitiestart posidnilnis@eg | Blosmyaties (RNSIG) was
recently shown not to have the expected structure since the identification of Nsuccinylation
was incorrect kidaisasLitreniSh abLde ZoHiRkkd nakiber® rféetB hohiner fiaph idedeedy srechaire

formally knowpiagsibéa aie RY {upRpdeRg PNAG is also 20 encompassed by the term
PNAG. PNAG may be of different sizes vanjing from over 400kDa to between 75 and 400kDa

to between 1 5 I ccharidgs composed of up,to 30 repeat units (o
a0y ricg o SRS Dl VRO B R
Any size of PRAG polgSacthArtde §F ShFEiRs Aritte hal L% ek rﬁ?ﬁo%%tﬁﬁ:wated
composition o ¥AeiRPARIBI T el hpRCca"Size of over 40kDa can be used. Sizing may be
achieved by any method known in the art for instance by microfluidisation, ultrasonic
irradiation or eHeenmarktdaviigsquie 6RIBI4BRYEP4ITSA, BRAOTSNS 8B amnyis of
PNAG are foriexamiptel Aiet00kERWE0- 30 kiDizatd-3ROkPac 63 Qoédia, HBe2b@kDarianidwith

60-200k D&, Péifkisrepsigna\waalifene ELISY resupfareriyiatiandmedseigastitution on the amino
groups by acetate. PNAG produced in vitro is almost fully substituted on amino groups

(95-100%). V¥{d20G7(11823RRE i ReORAIOINREA ISR deRRABIALES PRRACAN
be used havwgaltgg%égga @Q,%(“@gfy EW&%%%)’ 10% or 5% N-acetylation, Use of a
go

deacetylated PNAG allows opsonic killi ram positive bacteria, optionally S. aureus
and/or S, epidennidjs (WO 04143405). in an embodiment, the PNAG has a size between
privase it e A e S S e A
of amino groupR'ERERFEE MR A4 4h HBEEIf KiEGNE R tSi"IBPO S HEempiRIRsIcaRiRd
0-succinylate&hJeeadpamidskides wholegeks. 2 | 1 or 0.1% of residues.

The line marked with square signs shows the ELISA result using antisera from rabbits

25 immunised three times with the indicated staphylococcal protein (except for HarA where
only one immunisation was given). The line marked with diamond signs shows the ELISA
result for pre-immune rabbit sera.

Detailed description

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 5 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.



10 The term deacetylated PNAG (dPNAG) refers to a PNAG polysaccharide or
oligosaccharide in which less than 50%, 40%, 30%, 20%, 10% or 5% of the amino groups are
acetylated. AR W4&Y!Ftein, the term PNAG encompasses both acetylReH&iA07/053057
deacetylated forms of 15the 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 ?qjlc so‘#‘tuﬂ#such that the pH rises to above 10. For instance the PNAG is
treated with O. AP’ 3- 203M, 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, 25-806e 3dwHnogSis SEbmpahtidas Cof RN Gentiay benregaridias desariped iany @
04/43405, In gropsaberiniestirdhe $OIYRARCHMIF SLDIMCHINRIEI AREHETWBEN GOSN ENE OPRHION
of the 25invengigaaiggonjugated 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 infgsigmNiagetiagahifirsititihd YRR Type 8 30 polysaccharides.
Approximately 60% of human strains are Type 8 and approximately 30% are Type 5. The

structures of T zys%éﬁ [ oreau et
at Carbohydra%gpﬁfs Q%‘% 285 %SH{E{]C(? @%ﬁ?rﬁgggeﬁ%ﬁﬁg %%Egﬁ%%%rgw (195§M 4). Both

have FuelIAcp(1n‘tﬁé‘W@ﬁﬁimgwla@fmémﬂétﬁdmﬂtH@aﬁ%éﬂﬂé@d}éqmmtﬂuce a

; ulthyd ryr1l (% Loolwfggi@f?@(ﬁkldsgﬁ%ﬁﬂ %Q{?Zsjé?éﬁ%ﬁm %956{%% s;\er%e%&@ermmmﬁn
esearc ectr e e Structure apsular

polysaccharldes B 'a &9 é ‘33460&5,65 g@k %f}% g\ﬁié@d‘% %gélsog P/Ialra-

13-D-FucNAcktran ?Wé?@adnfpst) @WMQMA@AE@O%H(E['&JB‘)P@IFFYJbRI)SQ@ed from S.

---,3)-a-D-Fuchifed stalyamesmamits 94nayd1s. exl pripstAtomonaPRAR RNIIIQISEAINQDS. sure

us using met &gl known to the skilled man, for instance as described in U56294177 or
Infection and Immunlty (1990) 58(7); 2367. For example, ATCC 12902 is a Type 5 S. aureus
strain an

The polysaccharide previously known as poly-N-succinyi-B-(1 —6)-glucosamine (PNSG)

was recently shown not to have the expected structure since the identification of N-

succinylation was incorrect (Maira-Litran et al 2002, Infect. Imun. 70; 4433). Therefore the

polysaccharide formally known as PNSG and now found to be PNAG is also
20  encompassed by the term PNAG.

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 microfluidisation,
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%).



15 ATCC 12605 is a Type 88. aureus strain. Polysaccharides are of native size or
alternatively may be sized, for instance by microfieldisation, ultrasonic irradiation or by
chemical treatméht &3t ention also covers oligosaccharides derived fr8fT R HEP N 8
polysaccharides from S. aureus. 20 The type 5 and/or 8 capsular polysaccharide or
oligosaccharides inciuded in the immunogenic composition of the invention are 0-acetylated.

In an embodimept, the dedree of O-acetylatian of type 5 capsular sa rNoe ok o, ano
oligosaccharid§ |?‘sa ’Eg\ﬁi%b%dgﬁ"i@@%% f(@i%&%‘ g%”fﬁ?)%ﬁg’(ﬁfé%%% %(%qg&é%/"léolﬁogg/" '
80-100%, 90-1801:066%25-aeskylaiorobiss FD2odrrcely Bty FNAR allwnrsaifitcritinnoldemee
of 0-acetylatiorpaditypeb8otazs ubptigralysE.chaidde andbeasasplariniaiss (WOl 0aM8426) 100 %n
30-100%, 40-1 =1.009% £0-100%,_70-1000 -10006 90, 909 -909%,
70-90% o1 80-S L T S BRI I-8 chtat o b A0S AT AOF S 1 pekl i o
capsular pBIys%ﬁ%ﬁ?d%%”o?%gﬁg%céﬂ%'ia@%?-iéq@-‘?[(ﬁ%/&f25‘-’%@%&‘@0'@%‘%?9330@@0%,
50-100%. 30 60-100%, 70-100%, 80-100%, 90-100%, 50-90%, 60-90%, 70-90% or 80-90%.

The degree of B-arehviHinneh HiR RNXEARRRISIE RERIERMAGIIBILGCANAEAGITETURRH Y,

any method knéwq 'nﬁpe art, for example, by proton NMR ( Lernercinier and Jones 1996,
Carbohydrate Resarc 2%&'813958',1\{6 Hesidi®s-emercinier 2002, J Pharmaceutical 35and
Biomedical analysis 30; 1233-1247, WO 05/033148 or WO 00/56357). A further cornmently

used method is-tha cribed by Hestrin (19 ioi. Chem. 180;249-:261. WO, .
2007113552 e Ehg i g&*‘e’s%%%-‘ébéﬁ é@%‘ﬁ%ﬁ o ;,'?ﬁioeﬂysﬁg? gjde o
example by treXFREFRUAIS PR ué???aet.xﬁ hﬁou fy A%Bire (&on;{c{& 855 o 85409 e
immun. 62; 5098405545 8F2Fdat%Aent with a IN NaOH for 1-8 hours. In order to maintain high
levels of 0-acetylation on type 5 and/or 8 polysaccharide or oligosaccharide, treatments which
would lead to MgduesidiereinbenteroeBNAfForRompassinihoitteatebtatek andotearetriatetfaams of
extremes1éf pthersacoianidesed.  The type 5 and 8 polysaccharides included in the
immunogenic composition of the invention are optionally conjugated to a carrier protein as

described beldwar emeotidadie; RNAVEIis deamtyisgeddd fofinel RvG Nngehemicelm resitigrisef the
invention alterpgliyehoigeaiaRdRItReF Bf Oty REHPINMEGFCREIEs whR 3 LIS S HR such
antigen In an Eﬁdl nt, the immun ¥n|p compaosition of the invention comprises the S.
aureus 336 argL MRS P AIGS Bo4 PP BT A BNAG R ARG MRS Thb i 0.3
hexasaméfle, cOMtRiIALMoBZacedM groltidNadt spedtifiwaiii4tind 3 restantit dnliesatde8stalirendo
Type 336 depesieddiaer A3CCH28065 o@@ﬂ&l&@@imﬁ%brﬁﬂﬁé&ﬁz@ﬂm?ﬁskm 30-60 or

polysaccharide which is of native size or alternatively may be sized, for instance by
microfluidisatiol; WPaBHRe iffatfA R BrLheReRaiFes frsstivrehin WMRAHISAEN also covers

oligosaccharides derived from the 336
In an embodiment, the polysaccharide(s) included in the immunogenic composition of the
25 invention are conjugated to a carmier 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 5 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



antigen. The 336 antigen, where included in the immunogenic composition of the invention
is optionally conjugated to a carrier protein as described below or are alternatively
30unconjugat® FFE1E2A2and 111 polysaccharides from S. epidermidis StP&HER§YFS3827432,
SE-360 and SE-10 of S. epidermic/is are characteristic of three 35 different capsular types, I,
[l and III respectively (Ichiman and Yoshida 1981, J. Appl. Bacterial. 51; 229). Capsular

polysaccharid 0 ro el l and Il

pOWS&CCh&I’IdE% éﬂ{gsacc EarElp i d§§}3 R%&gfgoagq @%ﬂ@%@%@éﬁgﬁéﬁ& Wracted
by serval metH&Y&eth EéFH&tﬂiésrﬁ@ﬂﬁ)‘@Bﬁé%rR%@%CWQi@tmgo or as described in Ichiman
et al 1991, J. Appl, Bacteriol, 71; 176, in one embodiment of the invention, the immunogenic
composition ccﬁ"n prises type | and/or Il and/or HI polysaccharides or oligosaccharidas from S.

epidermidis, P €4ccharides are of native size or alternatively may be sized, for instance by
microfluidisation, ultrasonic irradiation or chemical cleavage. The invention also covers

ohgosacchand"’@e@d‘? MaaNfe S eigenHaNAREAS)- 10 PREBPHBINACH  artdes are

unconjugated or are optionally conjugated as described below. Conjugation of
polysaccharidégpe® Amongst the problems associated with the use of polysaccharides in
vaccination, is the fact that polysaccharides per se are poor irnmunogens. Strategies, which

have bedf desigf)gaDidlanBradid® tup(lack3pbirushidgéeniciB);dritiBdeNtke 1irking of the
polysaccharide to large protein carriers, which provide bystander T-cell help. In an 20
embodiment, thg, Mmmaﬂs&eset&u&@ew&ﬁ {RY8PHRD-Rie SRRALS. aapfatgwsfaarm@fhw&uch
provide bystawaﬁrkxomw@s RSl msmg%g'&é W@&hm@@&w%ﬁ%f&awgagd
polysaccharid RH mgno ens |nc 2 E%J ra %1 Tereus S, 5?1)1(% IS
(DT, DT rml@ iﬁ%&ﬁ 2? aerpoCyanln E F?se)(Pc?omonas eeruglnosna
exoprot B fﬁ@egmﬁ‘% pﬁ&?éfﬁsgémlatlve of 25 Tuberculin (PPD), protein D from
Heemophifus mfluenza pneumolysin or fragments of any of the above. Fragments suitable for
use include frB@WF@ﬁ?@%W@énﬁﬁ%\s%f neglipeper ehitpestinelpammulae p1éesin ior fiagansat byl
optionally conritrofivdisptioniifiedstricifratistiproosipy Fhertidal DegtimeantyDHeindengopraissicdvers
Haemophilus dfifessenisa(idés AdBédidrShe 80 e hamlicd palyseccharidesiroteis. tauress.in the
immunog@nic composition of the invention is a single staphylococcal protein or fragment

thereof or afusn‘entw@teir\aﬁemprzisie&améeaw%a@éaﬁ%l02 ohg¥s4cehanese @idl8ed in the
staphylococcal Rmruor;[gégﬁlg rcforr‘?‘w o |rc])tnS t?et‘:\eom\l/setn %Anggaea%%té?ylag%lom an embodiment, the
degree of O-acetylation of type § capsular polysaccharide or oligosaccharide is 10-100%,
20-100%, 30-100%, 40-100%, 50-100%. 60-100%, 70-100%, 80-100%, 90-100%, 50-
25 90%, 60-90%, 70-90% or 80-90%. In an embodiment, the degree of O-acetylation of type
8 capsular polysaccharide or oligosaccharide is 10-100%, 20-100%, 30-100%, 40-100%,
50-100%. 60-100%, 70-100%, 80-100%, 90-100%, 50-90%, 60-90%, 70-90% or 80-90%.
In an embodiment, the degree of O-acetylation of type 5 and type 8 capsular
polysaccharides or oligosaccharides is 10-100%, 20-100%, 30-100%, 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.



35 WO 2007/113222PCDEP2007 1053057 A new carrier protein that would be particularly

advantageous to use in the context of a staphylococcal vaccine is staphylococcal alpha
toxoid. The nat2#8H 3y be conjugated to a polysaccharide since the Ffr&EE2&0gps3057

conjugation reduces toxicity. Optionally a genetically detoxified alpha toxin such as the
llis35Leu or His 35 Arg variants 5 are used as carriers since residual toxicity is lower.

Alternatively the ini ' ifi treat it ross-linki nt,
e R B e e A AT Gl ek e
detoxified, op%ﬁ%lﬁfkﬁ}‘ﬂ%@é‘ﬁem’%ﬂ“& ¢988%hRing rERYertiatmimmhy e 048-5054) of
glutaraldehydédetmenheitmariUd deaXicity, 118 hbhes.polysiec b anaiesimayhde ek etiQea thtylatarier

protein(s) by apymow R BRING &I LX MR ibHBEE e, AR As SR AN ALTLIS
al., U.S. Patent %4 4,757, WO an Jenmg/gs etal., U.S, _Patent 4,356,170%, Orgtlonally, CDAP
conjugati£ cl% 7 )?5

7 € M RearBit e BB THESSS) e IReRS A A tme P syicemes ”&bknt
1-cyano-dimeghgramimisggridinium tetrafluoroborate (CDAP) is optionally used for the
synthesis of polysaccharide-protein conjugates. The cyanilation reaction can be performed

under relatively mild conditions, which avoids hydrqlysis of the alkaline sensitive . .
polysaccharidlgfée. 13 s‘g;ﬁ{hé;:rgso 8’|¥8\7\?§% rect c'gf(]iﬁﬁ?:/dg @O(i ea'@&?%?gﬁ%‘feﬁ?.mf’ﬁ&'m" of the
polysaccharid8vemigha@sosinnaly isaniasatest 2osalirerriasiLrioleirC BsAResrapask bitkyvlvecain
acetonitrle angtaasifdjnredigdelydo 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 croups of lysine react with the activated polysaccharide to
form an isourdBeCBVBYBAPHRR CamBpiansat imty verdioncite s riNgly 6618 GithRydireis ehbme
added to queRasi9lvsapghalidestivated functional groups. The product is then passed through a
gel permeation column to remove unreacted carrier protein and residual reagents. 30 Proteins
The immgnogerigreasi3gositieie®f the invention optionally further comprises a staphylococcal
protein, for example a protein from S. aureus or S. epidermidis. Some 35embodiments of the
invention ConjRig PELBIRFHON PR Sn @Y Ao SRIACSMIALS in¥¥fon comprises the .
2007/1132225’,5;;45@%%@9;{;9&%Aga%%ggfdy%g)mposmons of the invention comprise an

isolated protein which comprises an amino acid sequence which has at least 85% identity,

optionally at Ifast?3 % identity, at least 95% identity, at least 97-99% or exact identity, to that
of any sééque e 376 gn “comprises B-linked hexosamine, contains no O-acety! 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

25 chemical treatment. The invention also covers oligosaccharides derived from the 336
antigen.

The 336 antigen, where included in the immunogenic composition of the invention is

optionally conjugated to a carrier protein as described below or are alternatively
30 unconjugated.

Type |, Il and lll polysaccharides from S. epidermidis

Strains ATCC-31432, SE-360 and SE-10 of S. epidermidis are characteristic of three
35  different capsular types, I, Il and Ill respectively (Ichiman and Yoshida 1981, J. Appl.
Bacteriol. 51, 229). Capsular polysaccharides extracted from each serotype of S.
epidermidis constitute Type I, Il and lll polysaccharides. Polysaccharides may be



Where a protein is specifically mentioned herein, it is optionally a reference to a native or
recombinant full-iength protein or optionally a mature protein in which any signal sequence
has been rem&RELHHEHotein may be isolated directly from the staphyl8E3EERAS &IOS
produced by recombinant DNA techniques. Immunogenic fragments of the protein may be 10
incorporated into the immunogenic composition of the invention. These are fragments
comprising at least 10 amino acids, at least 20 amino acids, at least 30 amino acids, at least
40 amino acid®XtEofed sbyFenan Mateds o tings o anethnto dasebagken L3ty sk fasm
the amino acid@qbehddimee pratdfP N AtiBactsteh Thifogenic fragments are typically
immunologically reactive with antibodies generated against the Staphylococcal 15 proteins or
with antibodie s geree entbddbyemtfedttaa ofvanttamtnglimmbasjenithcSiapisitiocatehptsesniais T
cell epitopes. bmdior @rangeimetly savenanagsbio isassaenisdlsponcd. dpadragments that when
administered at an effective dose, (either alone or as a hapten bound to a carrier), elicit a

protective imnpdfieSRBRASE 2RAGSLAPIYIBCEFSHINARRRN nflIYaLHYIS RIOIRGLNE: by
against S. aurgirRols, SRR BSRICH: SRl AN IR, A admentay
include, for exgl ééaedcﬂé?i erotekn %: #n#ﬂar%] -rtﬁ?nnlga ‘ea,dcer sefuence, and/or a
transmembrane’doman anaor a -({err APRISEABIPESTANR: in an embodiment, the
immunoggk;}ic fragment according to the invention comprises substantially all of the
extracellular dBIRRENPOIYAASFOREIFRNIAE HReoRivasiag @503re00ntonaly, onigsied s’ idrssiledo
that a sequene@®elected 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 recdriigrticaRf Pelysesshatidleme portion of at least 2, 3, 4, 5 or 6
staphylog®ccal proteins, for example the combinations of staphylococcal proteins 30 listed
below. Alternatinaiystatia gabipntaissocayeconithrise usaltp@ipsaticnsitdsainl @astidatdnd ionife
staphylococcalrigigsThsseEaY samiar Kl il RO CACR IRISIRA1i a0 meS

thereof in the same protéin. Alternatively, the invention also includes individual fusion proteins
of StaphylocEFBDtdhLEHAYMA tieked, d0BUIRISAITROtNT YA HkelBigBuS’ the
sequences swolysesehpridyiderlaig® - pedtepitareerr whidki carteiddabmstand @S axapielp. In an
fi-gzilactgsidagfscHimahionNe porkaRaiarass Jalised iHURESRGERIIA e IRMEEE h Pk Laficn
13222PCT/EPEPRW%%O%;&TQ%)%t%% such as FLAG, m‘xc ta%,‘r oly hjstidine, or viral
surface proteins sUER'ES iRYIRNZE vir na['a'dﬁmﬁl’?ﬁ% E 'é?%r‘ﬁf'é(mé@lx&? 4892 1%hus
toxoid, diphtreavalingkddpehRateiarideer felisiosaesinadis inpunegsss inctlidet tieei i iphiheripe aici
comr%OS?gon crtetbmh_ﬂ\tefsie@ @51% flaae RFRIAIN Qinid My, Wfiﬁh@@}t%ﬁ!s%ﬁ% A(KLH),
saccharide. 5 Proteins In an embodiment, the im enic, cpmposjtion of the invention
further comp?s;gg}@ﬁ’é’ SPmore b the %’é%%?nesmmpém#ﬁ d%‘glg@\f" o%‘fm}%%r%%%lﬁ‘.cdﬁ’é" e nfg
thereof Many ‘¢tameliprGitBIRs pateindtireradiegmopbils éxtratediell aneenaisireat Freamegts of
proteins, _trar@fﬂoﬁf@ﬁé@weiﬁé@hé‘l?@;@iﬁmbf@@%@%&ltﬁéfﬁéﬁﬁil&ﬁs Eh@;imsaysmgigﬁnsrper
composition gf ; venti tion rther compyises a staphylacqccal extracellular
component b%%?r%@ rt‘ﬁ1 _|§rtt1cl)crfaga s a{%ycc})rg g]et?gng'po r'8Pa§}P’o€8ﬁ/r¥a6’ﬁaﬁ %?é'gﬁrﬁéncaoc!lca {&?n or
regulator of \HFB‘%'HCE.’C’F‘HB Pritnemitrhiediempseisindree Haemarsiue i dmizaalFRSeBAH S48 at
least or exacBy)l, 2, 3, 4, 5 or 6 staphylococcal proteins. 15 Tablel The following table sets
out the EQ ID numbers of preferred protein sequences and DNA sequences that are found
in Figure 1 aR%I Fﬁgpreqz res ,ective%(. SA indicates a sequence from S. auto us and SE

e

TEREE NGRS L PRSI IGILS AW SIS BRTPRPF 188 Spys7tion s a

indicates a sequ
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



WO 2907/113222PCTIEP2097/05305 ExtraceUuar component binding proteins Extracellular
component binding proteins are proteins that bind to host extracellular components. The term
includes, but i¥A30HH*Ed%0 adhesins. Examples of extracellular comporRH/BXAMAESHSteins
include laminin receptor (Naidu at al J. Med. Microbia 1992, 36; 177), SitC/MntC/saliva
binding protein (U55801234, Wiltshire and Foster Infec, Immun. 2001, 69; 5198), EbhA

(Williams eta! Infect. Immun, 2002, 70; 6305), E lastin indln roteln( bpS etal
1999, J. Biol, éhem°ié'e59f??§j§‘3?\¥%“@%ﬁ?§f8ﬁ§ésﬁgeﬁdva e {aos %F‘ fﬁ?xg%?l
2347), 5F31(m#gl@¢0&p¢5mscmmansmwlonmdbudpr@o(l@sm, ng) nativly I RO@p éﬁal
2001, J. |nfectoqisga1&13 t&%%a@d%éﬂ&@oﬁwhé\ﬂgﬁé@y&ﬁ aifaédwpbd%ﬁrcrbiﬂc@%.cl@

ﬁfiZ?oSS{fgysz s S S R e i el S 38 o

Microbioldgy 5 35855 3P4 GR1ER1S) SH5R Cregitlyiehdosichy Nﬁld%@l(ﬁ?rﬂm'ﬂm GK@? oxKis
(Roche at al MieroioahogyeRB0Bd 149 ;t@48)ehinlwith Fioclrasdinkial Miskpipial .[3994dekd598;

US6054572) dfm%@éﬁ%@?ﬂﬂgéﬁ&.é AP BLE it Rrou 08 ahcalnas @gﬁa%ng

protein Cna (Visa: at al 2000

99/27109), SARERIY /é’?fﬂ@‘j"%\ﬂha(ﬁwaﬁ'fﬂﬂa%ﬁ@a&?’&r fogaidelyde %'OQ'N;?&?@&
75). Npase (Flother@gacs. tBacterioi. 183; 3999), IsaAJPisA (Lanenz at al FEMS Irnmuno;
Med. Miggobiol. 2000, 29; 145), SsaA (Lang et al FEMS Immunol. Med. Microbial. 2000, 29;

213), EPB (Hvﬁéadelﬁ'agch!ﬁfégé‘ﬁ‘ﬂa vtsgnﬂﬁmoomé@eens aaté? Spo s J'Rr%%% ;ﬁ gor

(Veenstra at al 1996, J. Bacteria 1 SSP-2 Bacteri
537), 17 kDa REPRE BYnHMH%rHtéurFPFB’F* ‘éF%l?g%% A9 £t 3l o8- SuBateRti b5 B0V 7),
Vitronectin bindéhdepnatesre( lal.atles 2BaEniCLBE6M Mo bitid2IB6C DA ogjgeatibinchsgiprgtain,

coagulase, F@M@ﬁ?@&?@&g@ﬁ&P (US5648240) SitC/IvintOisaliva binding protein
30This i Ran ABC transporter protein which is a homologue of adhesin PsaA in S. pneumonia.
I

it is a highly immunogenic 32kDa lipoprotein which is distributed through the bacterial cell wall
(Cockayne etlal GHABL. hemexany@08y6 628267 )1 -tymeximetsdaninddyadinaus detcaBioroborate

epidermidis agpAZkD RN elEH %é%é%@%'ﬁ&?@a&ﬂ 3BFdB|§ -ORIYRISs INTRe

epidennidis, i mponent of an aron ero onsiderable
homology to é%gﬂqaqoneé?ﬁgﬁ%lﬁa?ngﬁzlpﬁ rgﬂ cdﬁ V@ é'%ﬂ’?d Whgh avoids

lipoproteins dP4"RiYEy0btheRtalins seosiive Relisanehasdeasy EU&MWIIQM thiserdportpling
function®) Therefedei&ifrotsitncluded as an extracellular biding protein and as a metal ion
transporter, WO 2007/1 1fl22PCTIEP2007/05,3057 The saliva binding protein disclosed in
US5,801,234 is also a form of SitC and can be included in an immunogenic composition of the
invention.  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



elfA and CIfB Both these proteins have fibrinogen binding activity and trigger S. aureus to
form clumps in the presence of plasma. They contain a LPXTG motif common to wall
associated prot&A&"19&4A is described in US6008341 and CIfB is descrifedirt 53057
99/27109. Coaculase (FbpAl This is a fibrinogen binding protein which triggers S. aureus to
form clumps in the 15 presence of plasma. It is described in references related to Coagulase
: Phonimdaen iGrabi 11D Phonitsi ; icrobic)!
1000 43934005 CrEmG AT et e A Sonrls 2y IR A g leRe
Clin. MicrobioPRGIRB S 5592865, Whish BasnddiprehESradireiits fRAIMENSBN'FTthe0%
immunogenic denipositieast iy idenditytianleas! @de e anetaceiguotairtarthahot i ecsjgmale
20peptide hasdpﬁﬁwq_moved (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 pralin€ and glycine rich region and the C-terminal domain from amino acid 506 to 645
which has a b¥{8%p & elsitdimptRsicabameionRashemim dilfsopiraal v agRiemnmie R frtyser
incorporated intoothiBinamnynibapit potsjpasitptivodine nmtardipoteBdrGyvBion lars sighelsdguence
described in VHQL BALI2AR Sl Ghis RN fRag GRAUASES RRAY Gr IR BT ASKLIP R AR

wail associated protein containing a LPXTG sequence. contains a signal peptide (amino
acids 1-51), aRBBHSLENEAFARE BRIV TNUAHES S B Re O JGER e A S Ay De
acids 514825)inwer@ateB i HiestamingeaniidsoBH62iNedosf dhel ¥88r809) TASE repdrgragits
(amino acids Eak Q00N FaRIY ARBANERAISIE0UI05EL0RARCTREMER
ragments of SdrG include polypeptigdes in which the sjgnal peptide. r the SD repeats
and the anchc AR PASe BT SEn UMD JoHEr ALIGHR 20D AHEE CBAD B Igthceh
consisting of diPimie&mnnsedLsecueIne eldltsBaaB3n additionasith S0MBIPYSROTHDMGAIa0
WO 03/7647 OypreRip aneisHoid g R=m9 rdsfiide Nathl @nfletidéOgdRerated against the Staphylococcal

15  proteins or with antibodies generated 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 immune response against Staphylococcal infection, optionally
it is protective against S. aureus and/or S. epidermidis infection. Such an immunogenic
20 fragment may include, for example, the protein lacking an N-terminal leader sequence,
and/or a transmembrane domain and/or a C-terminal anchor 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 multiple 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



WO 2U(7/113222PCPEP2007/053 057 03176470), amino acids 273-577 (3E0 ID NO 6 of WO
03/76470) amino acids 1-549, amino acids 219-549, amino acids 225-549, amino adds
219-528, amirtb%ditfs! #222528 of SEQ ID NO: 70 or 20 or 21. Optionally, B&T/EBr55AEEptide
having a sequence at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or 100%
homologous to the sequence of SEC) ID NO: 70, 20 or 21 is incorporated into the
immunogenic composition of the invention. . The compasitions of the inventign. optionall
comprise afra%’r'g)1 ﬁt%??hséu@d:r"es ﬁl}.& yﬁnélﬁtltggs%oehécr'ﬁ?é? %\bocgv\gfallnsgnaé:?n 6‘%%'7’1‘% He a%
fragments have4eazsigiias fssmaegvdior g steriabemteiohaiehardieletive dmstibriighthentain
deleted. For exatip|CRRIOYETIRS QS PRAEIE I R baHew: RGIE thd iniddinober c8dposiiBn of

1000, 34707 4 EEIAE G SR B R ety b oo,

97%, 98%, 99% or 100% Identity to SEC) 10 70 or 20 or 21. In an embodiment, fragments
with the sf’gna?ﬂ@ﬁ'l’i‘&e deleted have a methionine residue at the N-terminus id the fragment to
ensure correct translation. 20 In an embodiment, the fragment has the following sequence:-
MEENSVOIFIRBSeNPoiirgrd MO8 8R&E Edkiiostiot NN@SHNTDDNNQdr | CorEF kb WG |

2 KRS EDRT drdré i e [3Mfeid FleRitoh e e biLifdriaRodém SrragnidnisINbrser. Many of the
IDTAQQPSMTT |NRI_EE88 Vv TSDE\EIVEDSMV DFANS K 125 KESNTESGKEENTIEQ
ISEN.

P2IKVKEDS TPEEs RN SE RS #) KERRCRARK PSS PAOERE, feagSporter
IKRIPTVIN TQreen (02 &SN | BB neSuiahans af TErdienesD T Gromuasd SE Rimyosition of the
7D ADEY EN K Al LTS P TING S TV ENNTIC VYK LA oS 1 T b ot g T
rl . \. Al , .
ORPMENATERID, O S A PR DA SETOR RS Byt o
fIDDSTI | KV YRURAESMIOR TIRnSseric oy aesitianm{aNmBiqn crionaiv AMRIsssHrD sapten |
IWISKY DPNKRHRHET, P,|Q@ BWF b, 430606 ot ASYDNTIAPSTS
OGQGQEDLFFEKTYKIC3DYVWDDVDICDC-IQ2ITYDNEKP
LESITVLVTLTYPDGTSKSVRTDEDGICYQFDGLIMGLT YF: IT PET F EGY
TPTLKRSGTNPABBEEGNSWVT INC QDDNTIDSGFYQTnISLGNY
VWY DTN DGTOGD DEKG S IMBENSE IS HUIBEYE biGH MBS S Ydridésind DNA
PSGMTQTT Eexfeeriods BEQIRABURE I \FidrEl T RadDE S RS Necihlely. EBhAdrak £ REdubME:

2007/113222{4aT H-R4005 428 3t5inbnbsa wb&ilhBarsnP 0 @iRs atare expressed in both S.
aureus apd S. epidermidis (Clarke and Foster Infect, Immun. 2002, 70; 6680 , Williams at al

Infect. Immyn. , 20y ) and Which hind & tRliR'Sequence oo |- CUTHRASe aean
Component O EXtracCenuar matr X oA gt ot nave-antmpotrtantranctonm-atmerng
staphylococc! 180 BRAU ARFUIRPSPRIX | The Ebh proteins-are large, having-a-molecular
weight of 1.1%Aegadaltons. It is advantadeous 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

SA 1 SEQIDS SEQID38

SA2 SEQID 6 SEQ ID 39

SE ) SEQID 7 SEQ ID 40

SitC

SA ' SEQID 8 _ _SEQID41

SE SEQID 9 SEQ ID 42

IsaA / PisA (IssA)

SA SEQID 10 SEQ ID 43

| SE SEQID 11 _ SEQ ID 44

12



to use a fragment of the Ebh protein rather than the complete sequence due to ease of
production and formulation. The central region of the protein contains imperfect repeats which
10 contain fibPdA&TAB¥AdIng sites. Fragments containing one or more oPEHERSHEASHGMaInS
described below am some fragments suitable for incorporation into the immunogenic

Ebh proteins contain imperfect repeats units of 127 amino

composition of the invention.

adds in leragth~which-are-15characterised h\/ r\nnfnlnlng the-conse
11.0.{1&} t\ﬁl@}é {26}1,...4..L.{33}A ¢
means arAlEPAMkino acids and I/V in

r20 nr 25 Where '_means

Cl [ [aaJaYallTaYaVatald
SO OTquUTTITCTY

to the sedifeBbbRlisclosed in Kuroda
repeat se§Edhbdds within Ebb protein

to be ingls@eEbitBthe immunogenic cgmpositionggighg avention in

dicates al@frRai/é2choices o

ny amino acid.and' (1 ())'

amino ackE®BWrference |

at al (2008ELeaiNcEd 357; 122

5-1240, argEWdbld62, the

are readgydeguaeed. 30 In &

AN embodigrEmipfgggments

Clude protejag feQtaining of

one, o, ABEER Rl H¥& S0 AGYEN:

repeat urgtﬁ
127 ami

gEamd repeat reglon or ma

Such fragments may co

eight, nine, ten or more than

10 of the 12/ amino acid

nsistofl,é &Iﬁ%b 7,8,9

10 0or mOé%EPEF’%S of the

D’ b

OU 9. J.Ué)ééll(gglbpcdlb

with addi
07/113
of about

Id.l d.IIIIIIU auu ICDIU

zv’(\:U Eﬁ'ﬁﬁt’fﬁl’ﬁf@%‘%ﬁe ra

#x0a spaning three repeats.(

N (nmlnn F]SE'Q I’E}) QEQR\ a<

L3A~ 253

dpqr‘rlhpﬁE@Mﬁp et al

Y\nnf is-the-H2 nnl\/pnphda

Infection 8Rd Immunity 70, 66806657,

2002, SSERHAgents will 0

fibronectifl@n@weto elicit antibodies
protelnsJ &k capable of binding to fib
polypephdes sequences retain the al

that are reactive against the

ion bind
whole Ebh protein. The Ebb

ronectin. IspQ pagodiment, f

ragments SEthEses

pility to bingelg fipeqnectin. Bir

nding to fibsppgetigycan be

assesseERyrldRdngRSEERRE by

2002). In

Clarke et al (' Infection and In

imunity 70; 6680-6687

embodiment, the fragme

Nt IS One \gﬁgnjc&nprises a

B-celior T é’ﬁlpﬁa’ gaoitope,

for examgle those fragments/peptide

describe apfes3and

ence of EBLUEosed

sequencesin the-full-tength seauence-of Ebh- aiscrosear
Kuroda EASHE PRIERESESA 205 1240 TREGRbYAng table dhows the SERD &d
residue‘m&}ﬂa{ninn acid repeats r&EﬁJQRﬁ pnd within the full I&E\?HQE&IUPW‘P
WO 20(17P1 84922PCT1EP2007/053057 SEQ D 26 SEQ D 59
IsdA SA SEQ ID 27 SEQ ID 60
IsdB SA SEQID 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 SEQ ID 66
FnbB SA SEQID 67 SEQID 77
MAP SA SEQID 68 SEQID 78
HarA SA SEQ ID 69 SEQID 79
Autolysin glucosaminidase SA SEQID 70 SEQ ID 80
_Autolysin amidase SA SEQID 71 SEQ ID 81
Ebh fragment SA SEQID 72 SEQ ID 82
Autolysin Ant SA SEQID 73 SEQ ID 83
SdrC SA SEQID 74 SEQ ID 84
MRPIi SA SEQID75 SEQ D 85
SdrG SA SEQID 76 SEQ ID 86 '
SdrE SA SEQ D 87 SEQ ID 88
SdrD SA SEQ ID 89 SEQ ID 90
SasF SA SEQ D 91 SEQID 92
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5711 5837 58375963 22596316089 6089 246215 25 6341 6467 2664676593 2765936719 28
67196845 296845b 6971 697137097 70977223 7223 7349 73497475 74757601 7601
7727 367727 BYE731B28527978 79788104 98104 8230 82308356 PCT/EP2007/053057

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.

Examples of extracellular component binding proteins include laminin receptor (Naidu et
al J. Med. Microbiol. 1992, 36; 177), SitC/MntC/saliva binding protein (US5801234,
Wiltshire and Foster Infec. Immun. 2001, 69; 5198), EbhA (Williams et al Infect. Immun.
2002, 70; 6805), EbhB, Elastin binding protein (EbpS) (Park et al 1999, J. Biol. Chem.
10 274; 2845), EFB (FIB) (Wastfelt and Flock 1995, J. Clin. Microbiol. 33; 2347), SBI (Zhang
et al FEMS Immun. Med. Microbiol. 2000, 28; 211), autolysin (Rupp et al 2001, J. Infect.
Dis. 183, 1038), CIfA ( US6008341, McDevitt et al Mol. Microbiol. 1994, 11; 237), SdrC,
SdrG (McCrea et al Microbiology 2000, 146; 1535), SdrH (McCrea et al Microbiology
2000, 146; 1535), Lipase GehD (US2002/0169288), SasA (Roche et al Microbiology
15 2003, 149 ; 643), SasC (Roche et al Microbiology 2003, 149 ; 643), SasK (Roche et al
Microbiology 2003, 149; 643), FnbA (Flock et al Mol Microbiol. 1994, 12; 599,
US6054572), FnbB (WO 97/14799, Booth et al 2001 Infec. Immun. 69; 345), collagen
binding protein Cna (Visai et al 2000, J. Biol. 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 (Fallgren 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.

14



8356 8482 42184828608 4318604 8730 4 8858,8984 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; 1%352404032%he 5of these repeats, encoded by amino acidsSARE8Y¢H0fe

full-iength sequence was chosen to carry out an epitope prediction:-
FADVNTVNOKAASVKSTKDALDGOONLORAKTEATNAITHASDLNQAQKNALTQQVN

SACHWHAVNDIKOTTOSLNIAMTGLKKGVANFINQWQSDNYVNADTNKKNDYNNAY
10NHANDIINGRAEIYR Pindirg Proseis dissipseshin V858919234 4s gisgga form of SitC and can be

included in an immunogenic composition of the invention.

CIfA and CIfB

Both these proteins have fibrinogen binding activity and trigger S. aureus to form clumps
in the presence of plasma. They contain a LPXTG motif common to wall associated

proteins.

10  CifA is described in US6008341 and CIfB is described in WO 99/27109.

Coagulase (FbpA)

This is a fibrinogen binding protein which triggers S. aureus to form clumps in the
15  presence of plasma. It is described in references related to Coagulase : Phonimdaeng et

al (J. Gen. Microbio. 1988, 134:75-83), Phonimdaeng et al. (Mol Microbiol 1990; 4:393-

404), Cheung 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
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.

SdrG 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



19 WO 2007/113222PCMCP2007/053057 42 51 DLNOAOKNAL 3245 3254 {{5 66 174
DIKOTTOSL 3269 3277 100 112 ADTNKKNDYNNAY 3303 3315 117 123 DIINGNA

10

15

20

25

30

35

WO 2007/113222 PCT/EP2007/053057

03/76470), amino acids 273-577 (SEQ ID NO 6 of WO 03/76470) amino acids 1-549,
amino acids 219-549, amino acids 225-549, amino acids 219-528, amino acids 225-528
of SEQ ID NO: 70 or 20 or 21.

Optionally, an SdrG polypeptide having a sequence at least 80%, 85%, 90%, 92%, 95%,
97%, 98%, 99% or 100% homologous to the sequence of SEQ ID NO: 70, 20 or 21 is
incorporated into the immunogenic composition of the invention.

The compositions of the invention optionally comprise a fragment of the SdrG

polypeptides described above.

In an embodiment fragments have the signal peptide and/or the SD repeat domain and/or
the anchoring domain deleted. For example sequences corresponding to amino acids 1-
713, 1-549, 225-549, 225-529, 24-717, 1-707, 1-690, 1-680, 1-670, 1-660, 1-650, 1-640,
1-630, 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 methionine residue at
the N-terminus of the fragment to ensure correct translation.

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

MEENSVQDVKDSNTDDELSDSNDQSSDEEKNDVINNNQS INTDDNNQI IKKEETNNYDGIEKRSEDRTESTTN
VDENEATFLQKTPQDNTHLTEEEVKESSSVESSNSS IDTAQQPSHTTINREESVQTSDNVEDSHVSDFANSKI

- KESNTESGKEENTIEQPNKVKEDSTTSQPSGYTNIDEKISNQDE

LLNLPINEYENKARPLSTTSAQPSIKRVTVNQLAAEQGSNVNHLIKVTDQSITEGYDDSEGVIKAHDAENLIY
DVTFEVDDKVKSGDTMTVDIDKNTVPSDLTDSFTIPKIKDNSGEIIATGTYDNKNKQITYTFTDYVDKYENIK
AHLKLTSYIDKSKVPNNNTKLDVEYKTALSSVNKTITVEYQRPNENRTANLQSMFTNIDTKNHTVEQTIYINP

LRYSAKETNVNISGNGDEGST
IIDDSTIIKVYKVGDNQONLPDSNRIYDYSEYEDVTNDDYAQLGNNNDVNINFGNIDSPYITIKVISKYDPNKDD

YTTIQQTVTMQTTINEYTGEFRTASYDNTIAFSTSSGQGQGDLPPEKTYKIGDYVWEDVDKDGIQONTNDNEKP
LSNVLVTLTYPDGTSKSVRTDEDGKYQFDGLXNGLTYKITFETPEGYTPTLKHSGTNPALDSEGNSVWVTING

QDDMTIDSGFYQTPKYSLGNY
VWYDTNKDGIQGDDEKGISGVKVTLKDENGNIISTTTTDENGKYQFDNLNSGNY IVHFDKPSGMTQTTTDSGD

DDEQDADGEEVHVTITDHDDFSIDNGYYDDE

EbhA and EbhB
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3320 3326 - The "Begin' and "End" columns present the position of the predicted 6-cell
epitopes in the 127 amino acid repeat - The "Start' and 'Stop" columns present the position of
the predicted B.8&%épHBAEs in the Ebh full length sequence Table 4 T-h&dEFR8N EpHSPe
prediction in Ebh : 10The full-length sequence is disclosed in TTEMBL database, sequence
reference 08NWO06. One of these repeats, encoded by amino acids 3204-3331 of the

full-length seq e osen to.carry,.out an epitope prediction:- . -

MDVNTVNO&%@%@%XEB@%&\‘IL ﬁ?x?‘?@%ﬁﬁ%%ﬂﬁf@%&ﬂ# (A(Clarke
15SAQNVHAPNDps T LINmAN 2A82. KR ERBAN YIRS &SNy NAmIrn @R BY ]B0A)Nand
NHANDIINGNAfH BV tb Erdhactin. Sinca fibronetiitlie @R IdaHad2 8mpadat 406:N6280IKMNAdtrix,

Ao SR UEN0 e SRS VRIS bl

The Ebh proteins are large, having a molecular weight of 1.1 megadaltons. It is advantageous
to use a fragment of the Ebh protein rather than the complete sequence due to ease of
production and formulation. The central region of the protein contains imperfect repeats which
10 contain fibronectin binding sites. Fragments containing one or more of the repeat domains
described below are some fragments suitable for incorporation into the immunogenic

composition of the invention.

Ebh proteins contain imperfect repeats units of 127 amino acids in length which are

15  characterised by containing the consensus sequence:-

L.G.{10}A.{13}Q.{26}L...M..L.{33)a
or
.{19}L.G.{10}A.{13}0.{26}L...M..L.{33}A.{12}
20 or
..... 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 consistof 1, 2, 3,4, 5,6, 7, 8,
9, 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

17



MTGLKRGVA LKRGVANHN{ 3284 VANHNOVVOI 3288 WOSDNYVN L 3294
VQSDNYVNA3295 YVNADTNKK3301 20 WO 2007/113222IPCTIEP2007/053057 The
Position reped¥ ¥ Bresents the position of the predicted T-cell epitd§sERE¥EpEat
The "Position sequence' column presents the position of the predicted T-ceii epitopes in the
Ebh full length sequence Fragments of the proteins of the invention may be employed for
producing the cor, ding, full-length polypeptide t%pe tide. is: t ore, the
fragments magkﬁ %e{rgeiﬁg o'ylég‘ '8%#!%@%&%5%@5 %rﬁ!‘ |§ro ug?r%) ?ﬁ‘ég%{m%ng%%ﬁ‘ﬁéi%’%{)ﬁf‘ ﬂﬁeﬁree
invention. In &PeAfBEIANANIY A2 ES Wt desrinanindHass lral Ibeaiprany omunity ¥ §680-
amino adds ass&yEiipteslichetatpchnes adideshiiaraly 6erabiéatie mirdl gibtisnbindiagduioteirelicit
(EbpS) EbpS gﬁ%ggquﬁgﬁm éga(}n@mm%gjg%wmo% .olecular 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. Bidih€Hampr@eihs 2EBGPRbIend biadion fibtoneetin amamoembictinie A1) Sagneb34 3t 486 e

are surface expR5ediges U, RHE!TAGSPIHSHINABIBRENE MR BintH 193D be
domain of EbpS |ss§§z}a?$/ed between resjdues 14-34 at the N-terminus (Park et al 1999, J. Biol.
I

Chom. 274 SRS ATt BA GG © bR ST So00-ecar

immunogenic®@iposition of the invention is the surface exposed fragment containing the
&astir bipgling region (amino-acids 1-205). Optionally the fragments do not contain the entire

exposed loop, but should.contajn the elastin binding.region (amino .adds 14-34). An alternative
fragment wheh E5 TS0 (88 5GPt rAS A JOTRITGR e SeebAl CIREh SRect
loop (amino 30&ENIS these/@ementipartifles fesgrived s tablesidigdp to It 2, 5, 10, 20, 50 amino
acids less at one or both ends are also possible. Laminin receptors

TABLE 2 Repeat sequences in the full-length sequence of Ebh.

The full-length sequence of Ebh is disclosed in Kuroda et al (2001) Lancet 357; 1225-
1240. The following table shows the amino acid residues at which the 127 amino acid
repeats begin and end within the full length sequence.

15

Begin 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

18



WO 2007/113222PC17EP2007/053057 The laminin receptor of S. aureus plays an important
role in pathogenicity. A characteristic feature of infection is bloodstream invasion which allows
widespread m&fa3tati¢!1aBdcess formation. Bloodstream invasion requiresPHERBANROR30S7
extravasate across the vascular basement membrane. This is achieved through binding to
laminin through the laminin Sreceptor (Lopes et al Science 1985, 229; 275). Laminin receptors
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between IgG binding domains 30 In an
in the immunogenic composition of the

s fragment contains the consensus sequence

*as shown in the above sequence. Ootionaily the
sequence shown above. 35 Optionally, the

0-92, 33-92, 30-94, 33-94, 30-146, 33-146,

80, 33-190, 33-200, 33-205 or 33-210 of Shi, for
tmay contain 1, 2, 3,4, 5, 6, 7, 8,9, 10 amino acid

WO 2007/113222PCTIEP2001/053057

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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A fragments may contain multiple repe 4, 5, 6, 7,6, 9 or 10) of the IgG binding domain. 5 EFB
FIB Fib is a 19kDa fibrinogen binding protein which is secreted into the extracellular medium
by S. aureus. Y9 pr&Htié&d by all S aureus isolates tested (Wastfelt and FI6EKETEYE/0530 in,
Microbiol. 33; 2347). 10 S. aureus dumps in the presence of fibrinogen and binds to fibrinogen
coated surfaces. This ability facilitates staphylococcal colonisation of catheters and

endothelial cells—Fib-epntainsa-signal-sequence-at-the-N-terminus-of the protein with a
theébfny

putative cleav ite 5 abONRARENALA 30_In A eBnodieht] the Immunogenic
composition of etk coRKREERBE consists of 1#68equddide of the mature protein
(from about amind0&cid 3020 thEDTNSKNUSNIYthe proiddsd). FIS8 BiB/FIG 20 Fbe is a
fibrinogen bind|ng protein2Bat isIfN@ENAIN many isolatesabS| epddermidis and has a deduced
molecular weight of 119 kDa (Nilsson et al 1998. Infect. Immun. 66; 2666). Its sequence is
related to that of dumping !actor from S. aureus (C1fA). Antibodies against Fbe can block the

bindi fS. epid o
g o 5 i%4i§§i§$5%mﬁif‘;ﬁ%gaﬁ$§@%nma| 5 SR NI COT Gk 200

amino amdfg 5la ereéx%h urglyﬁasl frr% m t of F e c ains EF %tlérﬁ {a%l og Ilibe
extending from a ﬁnﬂ#‘ ermlnB %amlno % F’le doma| %
|

from amino acid 5 8}1 §§%’?§‘?§spon5|ble for flbrlnogen binding. In an embodlment
the fragment of Fbe conS|sts of or contalns amino aC|ds 52625. 35 The region between amino
acid 373 and 5¥6¢# DRICals ifigrPBetween Fbe and CIfA. In an

embodiment, the fragment contalns amino acids 373-516 of Fbe. WO

290-V113522PTB ERPBOZ05sa8NZmin ¢ isatises2n 104 ENMBF éatebatain SSAHRIRR, relseenpee
region compos@@NiVas Emdyafeiheatertrestrmrtocadid dvdasunnedidsiddes 3RHANPIEA fghlangtta
29kDa protein, sgekonwss abd3stdes i eenashepitwpeophegiatimmunodominant staphylococcal
protein during sepsis in hospital patients (Lorenz et al 2000, FEMS Immuncl. Med. Microb, 29;
145). MDVNTVNQKAASVKSTKDALDGQQNLQRAKTEATNAITHASDLNQAQKNALTQQVN
15 SAQNVHAVNDIKQTTQSLNTAMTGLKRGVANHNQVVQSDNYVNADTNKKNDYNNAY
NHANDIINGNAQHPVI

Position repeat | Epitope sequence | Position
sequence
1 MDVNTVNQK 3204
3 VNTVNQKAA 3206
6 VNQKAASVK 3209
26 LQRAKTEAT 3229
37 ITHASDLNQ 3240
43 LNQAQKNAL 3246
51 LTQQVNSAQ 3254
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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ID The first 29 amino adds of the IsaA sequence are thought to be a signal sequence. In an
embodiment, the fragment of IsaA to be included in an immunogenic composition of the
invention contaitf$ 2Mit’28id residues 30 onwards, to the end of the codetf-SEFRMHES3057
Fibronectin binding protein 15 Fibronectin binding protein A contains several domains that are
involved in binding to fibronectin (WO 94/18327). These are called D1, 02, 03 and 04. In an
embodiment fragments-of-flbronectin-binding-protein-A-or-B-comprise or consist of 01, 02, D3,
04, DI-02. 02- o&o&o&ow&dﬂéﬁlﬁ)’ﬁﬁfm 20 #8fonectin binding protein contains a 36
amino acid signal seql#hce. FoY&RMNMNIBANICOMBARKEKI GAASVFLGIIIAMMGQDKEAA
250ptionally, the mataite proteinYdhidiNiy Ithis signaB3Eguence is included in the immunogenic
composition of the invergtion. TrampRARHProteins| Bigicell wall of Gram positive bacteria acts
as a barrier prélienting1@ee diffupi@natBfPnetabaligesdnto the bacterium, A family of proteins
orchestrates the passage of essential nutrients into the bacterium and are therefore essential
for the viabilly of thbBEHATLHP LI ARSRALIREISISIR OV H1E RUNEIDE 1N EHIB
initial step of blndlﬂ% tabolites such asiron as well as those involved in actually
transporting the m.?ta I|t mto the baqter, i m. 35 thg) f OO(?)/ 132 PC"I_'éngt%golj_ &£ 23 57s
Molecular i iron is an hg \CloF for lbac erla?grovﬁﬁ) erop RS Are secreted that
bind free iron and fher?sg%f s&?‘ﬁ&&?erlal surface receptors that deliver iron for
transport across the cytoplasmlc membrane. Iron acquisition is critical for the establishment of
human infectioR8HeAs e REdeRERS thefnyaNiRRTAL beepsieyedderrrsiusitdha sesaspRReitns
leads to a loss mﬂ-dﬁagihmmnmﬂb\hﬁbdm}dd?syami&dssth‘éraf&mpwefr@;[mfssnay?hﬁianployed as

Immunodorningit ARGt B@lﬁ]ﬂe é\%%@&émge&tm nf$;. 3200), IsdA

(Mazmanign et al 2002 PNA 99 2 IsdB (Mazmanian et 2002 PNAS 99; 2293), IsdC
(WO 06/59247), Mg2+ transporter, SltC 10(W|Itsh|re and Foster 2001 Infect. Immun. 69;
5198) and Ni ABG@nremispdimtent, ariants @cousedamvAE G enand pHt@r1-5, 1-3, 1-2 or 1 amino acids

are substituted, deleted, or added in any combination.

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
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Immunodominant ABC transporter is a well conserved protein which may be capable of 15
generating an immune response that is cross-protective against different staphylococcal
strains (Mei et ;A 9®7/1M&12 Microbic!, 26; 399). Antibodies against this prAt€TMERZE/ BBy
found in patients with septicaemia (Burnie at al 2000, Infect. Immun. 68; 3200). Optional
fragments of imunodominant ABC transporter will include the peptides DRHFLN, 20 GNYD,
RRYPF, KTTLLK, GVTTSLS, VDWLR, RGFL, KIKVYVGNYDFWYQS,

TVIVVSHDRHFAe /ripia rpeptaeol L Ricrs dRvrisapfestiassis sathgesrieity cOsharcteristic
epitopes that afeatgsoghiediby iheléndsteaaiminvasiensybiehaliydAvwiddspeBadTmetistetienbscess
(iron-regulated worfaiien dBkeydstreant) iofaSicaureqsires tioel @ljilitytérscirespeatcibbeoksr the vascular
haemoglobin bipsiegenndneassage ThisagnadiRnde thewyiamasa ionhelsnit tieisghStad laminin

essential nytrieplsd s\ Bopbis B ddlaeategsinthesel. wail of staphylococci. IsdA appear to
be exposed on the surface of bacterium since it is susceptible to 30proteinase K digestion.

IsdB was partially d | af it i lally ex : ,
e T R S R
IsdB are both 28REA Sr3tEHE WRLH BiR KEME S Their expression is regulated by the
availability of ir%%yia the Fur repressor. Their expression will be high during infection in a host
where the concentration of iron will be low. 5They are also known as FrpA and FrpB
(Morrisseﬂ%t al 2002, Infect. immun. 70; 2399). FrpA and FrpB are major surface proteins
with a high chaffé isThé9aeadddse bindnawisteinprogsiienimpipiebntribid drise¥pesad intenost
plastic.  In arstainbofiPnentgubZimanget afytdas, ddiongosivtanidf ti8Snvention comprises a
fragment of 10IsdA and/or IsdB which is described in WO 01/98499 or WO 03/11899. Toxins
and regulators phyikigfticus dleidlaerserctés Samiks eftpirieingradugetexinisusitiosalhate
toxin, hemglysigs&riRiRéidia Boafolorord alidgniépll GBI URIBS dbak ieowataine Rradieleniof

toxins such 15 g RAGRIBNAL RIBHHRIAIRNG IS ANJRRAIRTSYIBenes drtesainaaL o
produced by m%sét ég{ams osf Sof gireua It 20||s ?Q%Jée‘g%@:l%_toxm with haemolytic activity.

Antibodies against a%rkr]?;{ OXiR have been Shown fo neutralise the detrimental and lethal

effects of alpha toxin in animal models l%A_dlam et al 1977 Infect. Immun. 17; 250). Human
platelets, endotHiiM % EIRIRAARARALTRL 4R BRe ™ He lllacARiBIPHP IS HdR LR ISR,
25The high? toxIBRyP6PI8IpHEPT AR RSy aries Habd: s IePRE o kmBalatetddh iy 4Sebindingn
immunogen. Tiiemerinsiss pietsievdd by chemical treatment, for instance by treating with
formaldehyde, giutaraldehyde of other cross-linking reagents or by chemically conjugating it to
bacterial polysauehalites RESdsgirpadngtom Shi contains the following sequence:-

25 QTTONNYVTDQOKAFYQVLHLKGITEEQRNQYIKTLREHPERAQEVFSESLK
%k %k*%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 1gG 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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30A 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 wheb® a%istid?az residue is replaced with a leucine residue restHEER2H/ &R Gval
of toxicity whilst retaining imrnunogenicity (Menzies and Kemodle 1996; Infect. WO
2007/113222PCT(EP2007/053057 Irrimun, 64; 1839). Histidine 35 appears to be critical for
the proper oligomerization required for pore formation and mutation of this residue leads to
loss of toxicity. When incorporated into immunogenic compositions of the invention, alpha
toxin is optionayfrhatosifie chaw conienionltiplel reBBiFdR ekadnpld by deplacity) efitng3afithinding or
Am. In an altermathgtnembodiment, alpha toxin is detoxified by conjugation to other
components of the immunogenic composition, for example capsular polysaccharides or
PNAG, optionally to S. aureus type 5 polysaccharide and/or S, aureus Type 8 polysaccharide
and/or PNAG. BFBNAIBI activatino protein (RArt. RAP is not itself a toxin, but is a regulator
01 the expression of virulence factors. RAP is produced and secreted by staphylococci. It

e A T R L P
| .

u epterotaxin

Immunodornin P{t%Srglfé?H% téé@ﬁ?ﬁﬁ’aﬁi‘fgn@égéoc%{'ggso% elfzﬁs Fﬁ%g ﬁig%s S gi%aga protein
which is essenfAM MR EATnftaton of S. epiderrnidis strains on surfaces (Hussain et al
Infect. imHun. 1997, 65; 519). Strains expressing this protein produced significantly larger
amounts of bioffirAteis AkiP B e tererensosit Berineerofand RSt o RALRD GRA4eAfuIRiassRap
are able to inhibtibabiiin fesilteiestaphploabibdl tuoiSaicruchokthiieroé Sl epidbeiatislls.
Staphylococcal Secretory antigen SsaA SsaA is a strongly immunogenic protein of 30kDa
found in both SripueRtEsMRNsHNAPEdE RHEESatLLAO §IéiRGO6F e\ tiinnaitAcl. fatvéVbiesniaia.
29; 213). {is expfe%ti9Pout amino acid 30. In an embodiment, the immunogenic composition of the

invention comprises or consists of the sequence of the mature protein (from about amino

acid 30 to the C-terminus of the protein).

Fbe - EfB/FIG

20
Fbe is a fibrinogen binding protein that is found in many isolates of S. epidermidis and has
a deduced molecular weight of 119 kDa (Nilsson et al 1998. Infect. Immun. 66; 2666). Its
sequence is related to that of clumping factor from S. aureus (CIfA). Antibodies against
Fbe can block the binding of S. epidermidis to fibrinogen coated plates and to catheters
25  (Pei and Flock 2001, J. Infect. Dis. 184; 52).

Fbe has a putative signal sequence with a cleavage site between amino acids 51 and 52.
Therefore a potential fragment of Fbe contains the mature form of Fbe extending from
amino acid 52 to the C-terminus (amino acid 1,092).

30
The domain of Fbe from amino acid 52 to amino acid 825 is responsible for fibrinogen
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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30during endocarditis suggested a virulence role specific to the pathogenesis of the infectious
disease. WO 2007/113222PCT1ICP2007/053057 SsaA contains an N-terminal leader
sequence and ¥ QigHalpEatidase cleavage site. The leader peptide is folloRSHBHOA7/053057
hydrophilic region of approximately 100 amino acids from residue 30 to residue 130. 5An
optional fragment of SsaA to be incorporated into the immunogenic composition of the
invention is made up of the mature protein (amino acids 27 to the C-terminus or amino acids
30 to the C-terMifig)acids A%nﬁ@ﬂ*gﬁ{iﬁhﬁpﬂ'ﬁaimf&%ﬂ%ﬁﬁ@iﬁ?é gienSpmResarkel gy
from amino acittBertedESamin@cidRNd 30TBaesIsiveRtions Staphylococcal infections progress
through several different stages. For example, the staphylococcal life cycle involves
commensal colonisation, initiation of infection by 15 accessing adjoining tissues or the
bloodstream, al¥8é&/B¥& multiplication in the blood, interplay between S. anus virulence
determinangs and the host defence mechanisms and induction of complications including

endocarditis, Mmeiasteioalse eastdA MR MARNHRERSIS R HEeMhdiiies et MalrEMSR A ERE
surface of the DGR BN ONSFIN LRI RIERS OLIE-IAIRR CUFIS BHdaroaing

the immune regponse gaainst.a %O ) ation of particular antigens involved in different
unPI. ed. IC%O ) . .
processes of Staghy ococcal infectiorl, multiple aspects of staphylococcal function are

affected and this can result in good vaccine efficacy. In particular, combinations of certain

antigens ftBm diffeAEH 201 284S 26iimef HaltacrPereerss i Rauo odraiding ABuTshs ae
of which are infBIRRAT HFohuEqamad ATdPHHR e dpdpdsiddh iah fiBNE CeBRieBMRpTiiom Rt the
toxins or reguléneestioneniaineaaing aeichigaiddeniibanvandsgteribaend e diecaedathsaneence.
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 animaf ifoAertisiyding Rietifibed in the examples and/or using an
opsonophagocylic assay as described in the examples. Without wishing to be bound by
theory, such efféctivectomibtvadi pnaeaid antigesiasareestroalghirtailne teatable dnbyhzed umiiediog to

characteristicsfméngcim 6ed4?§§%.e'f’ﬂe¢ée ﬂ@tm@&ﬁﬁbﬂ?@@-aﬁh%w @ an embodiment
2007/113222PCIT,P2007/053057 antigens themselves are usually exposed on the surface o

an | h f f
Staphylococcal 22Ments 8l IRneEin RIndinG ol BLATHeP TaRis 118t 858 e i Rerhéiehi-
guantity on theDR,Bade3cBbit-io4, i djftjihailaotErididal response to take place using antibodies
elicited agginst the single antigen. Combining the antigens of the invention can result in a

formulation elici:i%n(?f]an,adyantageous combination of antibodjes which interﬁct with the
Staphylococcal CEIMBELHAUNE PN HrREISI18 SR ARIRCARILSI9RRISICLRAGT RO aRIATRIRs of

sufficient quality bind to the surface of the bacterium to allow either efficient killing by

complement ofaatialisaticnehde hnateridedhisacan be measured in either an animal
challenge model or an opsonisation assay as described In the examples. 10 Preferred
immunogenic compositions of the invention comprise a plurality of proteins selected from at
least two<diffel@RiCABgolies BRBHSeRiORAiREHIRR rdMe ritinSsMpRReS iSpiRAldsd in the
Examples of sinincakggiriesglopitate sfsherievextiacellular binding proteins, transporter
proteins such as Fe acquisition proteins, toxins or regulators of virulence and

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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150ther immunodominant proteins. In a preferred embodiment, immunogenic composition of
the invention further comfrlses a number of proteins equal to or greater than 2, 3, 4, 50r 6

selected from 23284 H#férent groups selected from; 20* Group a) extra&&ﬁ’ﬁ?’@%ﬁ’ﬁﬁoﬁént

binding proteins; Group b) transporter proteins; Group c) toxins or regulators of virulence
Group d) structural proteins. 25In a preferred embodiment, immunogenic composition of the

invention furthgjfEmBrses & BHTBOG-RLAONELES S5-60R AN YBRIR Siffopnched PP Lbbreted

selected from 2, 3 or 4 of the following groups: group a) - at Ieéast one staph tE/ococca

extracellular cd'PﬁbB'HQHFB.H%H@%%&%F#P%&&’&% PREtRSGH SwfacedarBiersieagfsliysr iron for
consisting of |dransipprecegptes, 30eSitMantaShsalivaetniprdieg proteiacdeisitanEshBrifidalstiior  the

gnﬂigg grotei%é@gﬁ%ﬁngéﬁ%fﬁdgén%c@%s@m&?t;B hediEherfiith, o?%ﬁq"&nigﬁé é&lﬁa%sk%) A
ehD, SagA, SasB, SasC, Sas n ase, IsakPis
SsaA, EPB, Séﬁf!a@-pé? @?’Ie?f%&%&fﬁ B ﬁEﬂH@V‘B%Péﬁf ¥|B?|E¥gen blF:]dlng protein,
coagulase, Fig and MAP; 35 group b) - at least one staphylococcal transporter protein or

fragment therepfHapReief tFiNpoie rasip<CROBIES NEraidBaaHIRSSOLBID AR Rl aRFRR &l al

IsdA, IsdB, Isd or Ni ABC transp
2047/113222@?%%?%& }‘8133%{375%OA %% @ﬁé@% 'Sﬂeestaﬁprgéﬁocc%regm £8P ls¢'s0B
virulence, toxuﬁl\ﬁzﬁé’@fﬁ%ﬁl A BE'}%%@% #&)tHedGr O0e AnLtAY dﬂ%\?ﬁﬁé?f&?ﬁﬂﬂqeﬁ'tc

alpha toxin H3&Ritenireaid Rbstet 2 ertividinarprieis dRASY) giowpAbairiersbeane
staphylococcal structural protein or immunogenic fragment thereof selected from the group

consisting of fv1RPil and autolysin. In a preferred embodiment, the immunogenic composition

of the mvenﬂomm& yﬂg)@rtr%ggg}% ps equal to or greater than 2, 3, 4,5 0r 6

selected from 2 or 3 0 ollowing groups: 10 group a) - at least one staphylococcal
extracellular component binding protein or immunogenic fragment thereof selected from the

group consistifgnaiaiBHhAE AREOFarileHNEC Ay adauiiag r&@mwﬁa%agm%aféwef
binding p{ tein (Eb Sé%EFB FIBé SBI, autolgsln CIfA, SdrC, oIr 351; rH
SasF, up é‘géﬁ"fg &R mBWRE respansesthiahys S1s3-prol %CV%HB%”% effﬂéaﬁ geoccal
Npase, IsaA/FWAInSéMﬂ el BEB7, 3Bk Mico8p- 261 322 ANtrdiae edaitshthipioteiehave been
fibrinogen bindingPrriatentoravRpRciimanduMaRt 0% hratlaasenesiaainlococcal
transporter protein or immunogenic fragment

Optional fragments of imunodominant ABC transporter will include the peptides DRHFLN,

20 GNYD, RRYPF, KTTLLK, GVTTSLS, VDWLR, RGFL, KIKVYVGNYDFWYQS,
TVIVVSHDRHFLYNNV and/or TETFLRGFLGRMLFS since these sequences contain
epitopes that are recognised by the human immune system.

IsdA-1sdB

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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thereof selected from the group consisting of Immunodominant ABC transporter, IsdA, I1sdB,
IsdC, Hark Mg2+ transporter, SitC and Ni ABC transporter; 20(r) group c) - at least one
staphylococcaM@giatdp3# virulence, toxin or immunogenic fragment ther®eF EBEETEEHEm
the group consisting of alpha toxin (Ha), alpha toxin H35R mutant, RNA Il activating protein
(RAP). In a preferred embodiment, the immunogenic composition of the invention contains

o ore Rl AR BRI GHiok By tﬂE%ﬂEh%%‘!%’ﬂ?é iRl B SRISSEAATTaN AR )

and/or group c). In a turther em e Immunogenic composition of the invention
contains at le 8RR PEERHEATRIH GRRIRS 5] érrﬂﬁ"éﬁxafﬁﬁﬁIB’h&"bP&EWs‘@IEEQéBf‘FRS'ﬁ?
group c) 30androx bwsihaje the adureheatembiicimeiitbebh@vimmunogenic composition of the
invention contains at least one antigen selected from group c) and an additional protein
selected from grou and/or b). 35 An o t|o al combln n of protejns in t
immunogeﬁlc gmﬁé%s%t d(f‘ﬂg@ g&‘)ﬂfbﬁ'@ofﬁ‘bg grfbﬁsrﬁ}‘nﬁt Bﬁjlﬁﬁﬁl ik lz{%drzégg)-
further antigen&reélerte FiyBrarémajgosysfacngielting ofithmarhigioderdaarexBeve daepaheyn to
IsdA, IsdB, IsdgrolidéA. Mafe EdRRBSRERIRY adtitsioNioPRistitransporter, alpha toxin, alpha toxin
H35L or H35R mutant, 40 RAP, Aap and SsaA. WO 20437/1132221tT/EP200710534357 A
further combination of proteins in the immunogenic composition of the invention comprises
Site and 1, 2, 3naoesbarimankiiey st unsanisdarepasitien Gfdip IR risian aenaTipa AR agbaMint
ABC trangportesgAsshy/dsRBe kerich il asderdétlih tansnosies SitoNBABEDeransporter, alpha
toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA, A further combination of
proteins in the yRRHNGEERIGAABRAS YRuIehLRe invention comprises EbhA and 1, 2, 3,4 or 5
further antigens selected from the group consisting of immunodominant ABC transporter,
IsdA, IsdB, IsdC, HarA, Mg2+ transporter, Site, Ni ABC transporter, alpha toxin, alpha toxin
H35L or H35Rmeuibers BARhiAagnandobsadteiniuiitifieorakimation elpehtbinddrithéemolysin,

immunogenic eorpRRSIioR gliNRENKSNAAUNRIER ERR MG Re bt EisEAYaRS

selected from up consisting of immunodominant ABC transporter, IsdA, IsdB, IsdC,
HarA, Mg125+ tréﬁ?g‘}ﬁter SitC, Ni 15ABC transporter, alpha toxin, alpha toxin H351.. or H35R
mutant, RAP, Aap and SsaA. A further combination of proteins in the immunogenic

composition ofg_f%ﬁaj@g)gmi,qlg)comprises EbpS and 1, 2, 3, 4 or 5 further antigens selected from
S

the group consisting of immunodorninant ABC transporter, IsdA, IsdB, isdA, HarA, Mg2+
transporter, SitC, Ni 20 ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP,
Aap and SsaAAlpha toxin is an important virulence determinant produced by most strains of S. aureus. It

20 is a pore forming toxin with haemolytic activity. Antibodies against alpha toxin have been
shown to neutralise the detrimental and lethal effects of alpha toxin in animal models
(Adlam et al 1977 Infect. Immun. 17; 250). Human platelets, endothelial cells and
mononuclear cells are susceptible to the effects of alpha toxin.

25  The high toxicity of alpha toxin requires that it should be detoxified before being used as
an immunogen. This can be achieved by chemical treatment, for instance by treating 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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A further combination of proteins in the immunogenic composition of the invention comprises
EFB(FIB) and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
irnmunodomin®¥} XEA Waksporter, IsdA, IsdB, I1sdC, Hark M92+ 25transpBfEEP&|E/0fHABC
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 comprises SBI and

1, 2, 3, 4 or 5 further aptig elected frgm the gro onsisting.of 30immunodominant ABC
ransporter, iSRRI oS e RS (ERoBaHE e
alpha toxin H35tawred 3BRaTAfRIMatRARMINaWaivd Fdaiaresidu Irdis tederb RIASERB! proteins in
the immunogenic composition of the invention comprises autolysin and 1, 2, 3, 4 or 5 further

antigens selected fro p.35consisti i rni P , .
S5, 19dC. il gDy s SR, SRS bt ol i v
transporter. alfRAaeRIn datprifietbRintalion gf HisSR fRUARIMPIARY RRIFERY 'SR AR ABHER"
combination ofAsgoteinsniraltem ative Lomigeinie s ralpbsitiodnofsthietonitntity Sagugptise soCitAer
and 1, 2. 3. 4 Qomfuribag 3P RRHBGLAT KObURRGH P GERTIRIB LR BIPRAerEIRAR or
ABC transporter, ISdA, IsdB, IsdC, HarA, Mg2+ transporter, Site, Ni ABC transporter,_alpha
toxin, alpha toXinp3s PPigalyzse ﬁu%ﬁ“ﬁ&?—“’,%%%@ggﬁ[dﬁ o/t (i'?)rrf’rﬁ‘if‘ﬁ‘;(t'?o;l;y(gf3 8
proteins in the paiyaacubgedecaodioniiisiien of the invention 10 comprises SdrC and 1, 2, 3,4 or
5 further gptigens selected from the group consisting of immunodominant ABC transporter,

IsdA, IsdB, ISd%: Klﬁgk l}{lg? transpoﬁ,?r% Site, Ni ABC transporter, alpha toxin, alpha toxin
H351 or H35 : ; aA, A further combination of proteins in the
immunogenic composition of the invention 15 comprises Sdre and 1, 2, 3, 4 or 5 further
antigens selectegkfiombteliraupxF) BSISENDred iIETQHO BXbraBiABE Wianspertattdsl RABHB,

IsdC, HarA, Mg2+ transporter, SitC, Ni ABC transporter. ha toxin, al '
oG mutant, HCRL AT el o) ey ERED M AR SO ARG B b M
compositith ofstaehieeaatoANdcaetrAisESES exNEssiRa NS sabseatentiipipRSCPiiYBIR CR BElRS
from the groupsgemaishegdhfsin) ertEatsimniBandABSTIrANsporter, IsdA, isdB, IsdC, HarA, Mg2+
transporter, Site, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP,

Asp and SsaA othiriRaiuradinatrngebfiakeins in the immunogenic composition of the
invention

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 biofilm 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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25 comprises SdrG and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, isdB, ISC. HarA, Mg2+ transporter. SitC, Ni ABC
transporter, alph8 Xid!13i8ha toxin H35L or H35R mutant and RAP. A furthé*EsMBiTaton 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, Isd + ite, Ni S r oxi (0]
T135L or F135 T ian e can A ol e e, MR AR I
immunogenic ¢eHpORETEEE fRECHRRRY] Gr’(‘E@EBPHﬁﬁ%%@'S%fs@%{ﬁﬂ”ﬂ?tQ!YST0488%%%? from
antigens selectesiduersitivergpioug 13onsisting of WO .2007/113222PCDEP2007/053031
immunodominant ABC transporter, IsdA, IsdB, I1sdC, HarA, Mg2+ transporter, SitC ABC
transporter, alpha toxin, alpha toxin H35L or H35R mutant R}%P_, Aap and SsaA. A further
combinatioh of St SEUREH BB T EEeR E C BRI B VRIS LG SRRGslioh el dae
GehD and 1, 2ingsntian & foadeeumnfitfensaiete qreateinof@mine geisap2édndhsifgterminus or amino
immunodomingapidB§1dRBsRaMISAA, 1sdB, IsdC, 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 fi¥theherarjions sarroests feontaitrtor dwgrephikiaing of SsandirseamirmatiABLto
transportep, 1sdfide@Bidlselss, HarA, Mg2+ transporter, SitC, Ni ABC transporter, alpha toxin,
alpha toxin H35L or H35R mutant, RAP, Aap and SsaA 15A further combination of proteins in
the immunoge?ig Ir'paqo%igon of the invention comprises FnbA 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, SamyRegscahdnBstioms2oadneah direughbiaueieh dfferanefiagesHeomammigethie
cr?mposition Ofsibﬁ’nW?&Eiﬁln msré&peiéewams BphrheRsad, ébﬁhﬁdﬂiﬁgﬂahiﬂﬂﬁiﬂﬁﬂﬂ selesied fpm
the group, consisting.of immunodpminant ABC transporter, | | S rA, +
transportég, Si?é? |'B\%8d15.§énr'1n cgl)rstse%%l?)rr?aﬁ?oéllr%?%;% aﬁoiﬁﬁ%@f E‘ru I—?@gﬁt@nﬂuﬁan@%ﬁ\%ﬁ '
Rap and SsaRntEsarubaieedmbitEseh \WHsnsr fRisRah AnthByrpet LrignssifRaThaniaes
invention comprigaadGaiarabtcbmplidatibey indudihgrepntigeaisiss etetiethtfconbstrs g fommtion and
consisting of Im(RYOQURIURRNARLS ATRBRIIE olefie: S5/ the a2 TR RROVE in

SitC, Ni ABC transporter, alpha toxin, alpha toxin H r H35R mutant, RAP, Rap and SsaA.
30A further coffRi oHERE pPhEIR SRR HKEn JRe REEERT G L BB T d SARRIMToRIAINSt @
comprisexoale combibafior8,of padidultthantywige mveeddcte ddffferarth ergeessee orfsStapgyrfcoccal
mmunodomingal ABC HaaBABEISUR ISR A AGMER AfaBSROIEr G NeORG
transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA. WO
200711132220094 ¥I5566 #8357 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 congishag RfMEHRAMRBHEINLABEN UANRRRIRImIafRrds0BadSES. sbIRBKOMaREN are

transporter, Site, Ni ABC transpaorter, alpha toxin, alpha toxin H35L or H35R mutant, RAP
A an SeaATON B ACBRRI 0 DDA e AR RGN Gl b SSHoR B o

invention compreirerorasadenclivhs,, 20@e4 ofr Fiinkhéereantyens Yelergdattsmoheigienge and

consisting of ifrAGERNBANEABSAdIansPRIten IstintseRBptsde whiahAvrdttg2s-dyainsporitiple
Site, Ni ABC tﬁlg&&o&%e%l%ga toxin, alpha toxin H35L or H35R mutant, RAP, Asp and SsaA.

30 Some 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 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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10 A further combination of proteins in the immunogenic composition of the invention
comprises IsaA/PisA and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
irnmunodomindAt2AB13ahsporter, IsdA, Isde, I1sdC, HarA, Mg2+ transpoPleF ESa7(§38EB C
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 comprises SsaA and

1,2,3,40r5¢f ther ens selected from the grou ns in

transporter, Isa %%?R/ﬁ%ﬁ&e I\Vlsgt?f texr?srsJ%?(t)eﬁ gl? 'ﬂtg% %Inggpgnsggr%rgﬁphagy
toxin, alpha toBﬂPﬁH‘?&QE eEIBRY Biitalke tR'NF"OAgpb&rRI%Q%EA“ Aufﬂ‘il?férqé'GMH (PAXithe prface
proteins in theckfoLae gt ceeasix reepshsel iy RIkE @aco yisasibddR veltited2ddidso te

i O A

IsdA, IsdB, Is HarA Mg2+ transporter, |te C transporter, alpha toxin, alpha toxin

H35L Or H35RMAMHaRERES AAPDURTASsHf e MR RIS IREAR P 6?6té°1ﬁ§'ﬂ4‘tﬂ%¢°a' cell
immunogenic ceyopbsitidtical tiveshalénfothisoerijiras ds/S Séaficent dntiBo@et of Sufificibelr quality

antigens selegd HPRANS AL BCABSLIAG;Gh B AP LRRUN BRLeR GilfRG OHSholSHent or
IsdES3, IsdC, HarAED%g% transporter Site, Ni 30ABC transporter, alpha toxin, aIPha toxin

H35L or H35RFHITRIRTIRNAS e RRSIRivESEINS FoR ReTarRiied Mg RO TaR SRR Rge model
immunogenic @oFn pesititsaifnthesayeandestriimnprivses&PpRzand 1, 2, 3,4 or 5 further antigens
selected{gom the group consisting of immunodominant ABC transporter, IsdA, IsdB, Isde,

HarA, Mg2+ tr SitC. Ni 35 ABC t t t Ipha toxin H35L or H35R
atant, R, SRR ST I5 4338y 0BT ISORA b EU B o

proteins in théﬂﬁﬁﬁ@ﬂw&g@rﬂtlwhmm@mtméemmmfrpmrrpmgwgm@nﬂmqlp@ Wighirs
further antigerma@awfrerz@rﬂmgmwméﬁ&aﬁﬁfimm&n@w@mmmmwprwns
IsdA, IsdB, Isg r tran ort r, Site, Ni ABC tran orter al Xi ha toxin
351 of HOBREPEL oS SRESE £ aililen PRdr L T AR & Bep
mmunodénrc?ﬁﬁﬁﬁﬂb@@i&ﬁi’@f‘@@ir&?@ﬁmn comprises vitronectin binding protein and 1, 2, 3, 4
or 5 further antigens selected from the group consisting of immunotiominant ABC transporter,

ISdA, 1sdB. ls%;a %ﬂ&éﬁeaﬂ%%diment, immunogenic 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
different groups selected from,

20 ¢ Group a) extracelular component binding proteins;
e Group b) transporter proteins;
e Group c) toxins or regulators of virulence
e Group d) structural proteins.

25 In a preferred embodiment, immunogenic 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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10transporter, Site, Ni ABC transporter, alpha toxin, alpha toxin H351. or H35R mutant, RAP,
Aap and SsaA. A further combination of proteins in the immunogenic composition of the
invention comPrisa¥TibddBgen binding protein and 1, 2, 3, 4 or 5 further afftiERYSEIEED
from 15 the group consisting of immunodominant ABC transporter, IsdA, Isde, IsdC, HarA,
Mg2+ transporter, Site, 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 20 cOmRESR o &Y Raxiesmataphylogoecy)rsoyiRARPTAIRESS. JeLes FIBrathBegRsp
consisting of immégiediedriiaarthasoun saspeinarof sibha e (HalCalpha oxia 425 RrEmtgnd RINA
Site, Ni ABC transiectmatiapprataxiRAdpha toxin H 5E. or H35R mutant, RAP, Aap and SsaA.
25A further combigratipni)of proleass dnethseamyiidoage Bitucnrappritom of iheunvgatiorfragment

comprisessFig anthdreds sbldcid IrbriRE GRS SIS SRR 8RR consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, rvlg2+ transporter, SitC, NiABC

transporter, alghg g éfé‘nédpﬁﬁb@f%hﬁﬂe%hﬁ% H%P&%Bn%%é‘%&%%cm A{ Ihar

combination o tein immunogenic ¢ osition,o inyen C riges and
1, 2,3, 4or5§£§%§rr§n o ﬁ'gssg u Pro% t?]grgroup?(%hsls ng}(éjfslmmu%o({n mﬁlnan

transporter, is , HarA, M92+ transporter, Site, Ni ABC transporter, alpha toxm
alphatoxTR H35L YPERBR Al4AR! ﬁﬁ‘?ﬂ%ﬁ@ﬂ)"&ﬁ%f’%%aﬁ&t’%'af component binding’ protein or
2007/113222PCTHRPSROSNSEesmMan iherepeniesipdfiem hpasREmoRNEifdngh Ak iABigBrReeptor,
composition of th&itr{Mndsatienipnites netainn GdoMifehBABGstimbioitgr pmatein, (EbBS) &FB
further antigens s@l@gi&dB frontotysing Giidy) SdsiStY SHtENEAIG, r8def)t8asBAQAe/ Setda|iSasA,
binding protein, EbbesBEbAEL, HastingaisklirgLaorabb( EpRSEw B FEb (Al BNp&s8) , |saeysin SEdAA,

SdrC, Sdrp, SdrEsredrEsiBdlrtgdrnaseeP eMorasi. Bindify BRIXE Gitainbdeh. GiHidind BRAein,
Npase, IsaA/PlsAwg&@gséEE amPmak: SSP-2, HBP, Vitronectin binding protein, fibrinogen

binding proteiy, c&%g Igse.d @ag{lAﬁ g%g&,fs\{% oD bizein U iRk, 'f e
Aap and SsaA. Aﬂ% Iéigrpe d?(fg' 0 %ﬁl c%n?ls Q‘{;munoy’ nic co H%gf e%lsdzt

invention 10 co raml ens sml'ec?ed ro
consisting of |am|f%ﬁ$1$g t rélt ieygsgﬁ{}grb de %ﬁ?%ﬁﬁ rf:eﬁ'hB Elastin blndlng

protein (é’%ps)’ ESFRUpEfB), %é?a%tu?aﬁféfﬁp'@iw%r@e% - o iplesgpctoxia A IGRUNOgRNG e
GehD, SasA, EniyagmamBhererf selested iign Finmrompa@@s%muemhasm (s abp toxin
SSP-2, HBP, VitrdagRtinukintliRlyAolibeiivatibginogen (RARNg protein, coagulase, Fig, MAP, 15
alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA. A further combination of
protein in the IMEGROgaNiCoeHBARRING thef TR IRYGERIO R &apMRIIERSISHB #Nentior. BnthiRg 2t

further apgigensaseipeterbERdBEIEH m PARISINSheHRINIdRS tern SiEAMM G 3N b)
binding protelgngg,l”b% B, Elastin binding protein 20(EbpS), EFB (FIB), Sal, autolysin,

ClIA, SdrC, SdrG, SdrH, SasF, Lipase GetiD, SasA, FribB, Cna, CIfA, CUB, FbpA, None,
IsaA/PisA, Se k SSP-1, SSP-2, HBP, Vitronectin bindin ein, fllﬁrlno en bindin
i coag aalunter TRETs T MRS GETI CoTRS T BB ﬁgﬁ\%"i@b'%%fa

SsaA. one antlgen selecte from group b) and an additional protein selected from group c)
30 and/or group a).

Fﬁ—r

3_.

In a further embodiment, the immunogenic composition of the invention contains at least
one antigen selected from group c) and an additional protein selected from group a)

and/or group b).
35

An optional combination 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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25A further combination of protein in the immunogenic composition of the invention comprises
SitC and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of laminin receptor,
SitC/MntC/salVPBMdiHg?Botein, EbhA, EbhB, Eiastin binding protein (EbpSYEERE (/)7 SBI,
autolysin, CIfA, SdrC, SdrD, SdrE, SdrG, SdrH, SasF, Lipase GehD, SasA, FnbA, EntiE, Gnat
ClIA, Cife, FbpA, Npase, IsaA/PisA, SsaA, EPB, 5SP-1, 30SSP-2, HBP, Vitronectin binding
protein, fibrinogen binding protein, coagulase. Fig, MAP, alpha toxin. alpha toxin H35L or
H35R mutant, RAP, Aap and SsaA. A further combination of protein in the immunogenic
composition ofxHerheesaanicaiaprifesraiping toxiteaitmunogeiel eprapR#teEr einthifeffyvention
S%Iﬁcted bf;‘om Hlaﬁ]gﬁéw Sicengisting Szfd%m'jrfhhﬁ%@?ﬁgénESE@M@é&alh@dﬁmﬂi6@1)@@'@@
EbhA, EbhB, Elastin WO 200 222PCT/EP20Q7/0530 indin te)] ,
(FIB), SB1, aulalans, MR?@&@@[?{BB%%& ?@a? dgsj?ﬂfg S%é‘r X 8‘%&%@%&? EHBA,
FnbB, Cna&, CIfiBGHFAPNisaENadndmigRhastonin H3EIA o SR matam. RAE AR AR RERin

binding protein, fibrinogen binding protein, coagulase, Fig. MAP, immunodorninant ABC

transporter, IsgAy 508, I5EinkiRrk N‘!9&&&[@5‘?%@gnﬁ}ggwiﬁ@&gmr&rtHéaiB\i%ﬂﬁon

SsaA. A further combination of protein in the immunogenic composition of the invention

comprises alpFMBAFRSHERIAGR Ha8RVARLA UG AH99%,SE a0 IREH DR SR RsceBr g !
from the groupnuonsistngneniakBinitraespeptar, ISIEC/IsHRClesddiv HdidigR priveeisnoBbh AitQ.0Ni

EbhB, Elgstin Rirding fyeiNARRPinERichaibRh (P51 sHAINRImUHO RAB Gap drl SSEHE,
SdrG, SdrH, SasF, Lipase GehD, SasA, FnbA, FnbB, Cna, afB, FbpA, Npase, IsaAlPisA,

SsaA, EPA, SSP-1, SSP-2, HAP, Vitronectin binding protein, fibrinogen binding protein,
coagulase, Fidy arirerigombinatiomisfantaeB s iratisp dmenwrieghmid seiBrssltnHelr Ahavigention
:Lan_sporter. SE&_nb\lisésB@mtﬁswfﬁt,ez_ &a&?@ﬂjmnﬂ&&fsﬂmd&%ﬁbig@gm%&m&%ief
e immunogenic compaositign e inventio mprjse a , or 5 fur :
antigens selec'"f?arau‘rrrlgdrr(lp "éarc}réA‘L%pg’I ([:}cr)%nssigﬂ'r?}\%r'cr)lts ?&?‘mﬁég re?%‘gb&&?%ra@ﬂ%ﬁé’/%gﬂ A fhgr%' N
protein. EBhAABBRBNENaReH HRhaitRyipraia (g0 I sigeiyutmt, Rofsipamans Baa’SdrC,
SdrD, SdrE, SdrG, SdrH, SasF, Lipase 20 GehD, SasA, FnbA, FibS, Cna, CIfB, FbpA,

Npase, Ise Ss : -1,.SS Vitranectin binding. protein, fikrinqg indin:
protei, conguiettTElocR ket b okl M RS PLRITR.AR TR ielin
Mg2+ transpofERPERE BRPART tlakspaterS AthelritigeaR selepter fiera i aipiRArsristive of
protein in the immunoagamant XBROBHEIRPaRlth st BB ISt HESESMgdA aadspaaie:, Sdd, avid

CM:; Isd@nd G G 35S 28, S D, 230 ST dadA and
SasF;Is?Igaané%éﬁ%%;l Ii@@%ﬁ%@%g ﬁls}fj%ﬁa’l?ﬂg é@cr%@?sﬁ% and SdrD; IS(ﬂé énngdrE; |S§B and
Sdre; IsdB and SasF; CM and CM; CIfA and Sdre; CIfA and SdrD; CIfA and SdrE; CIIA and

SasF; CIf8 andl Sdtieer Cibr8bémadichid dD ; [Botedd mnthS dntmu@Beaicd cBapbsifwirGf athd SoedtiGdre
and SdrE; SdgorandesastrRes) apd Serk; 3P sl JARE: aMidederitls iR ANOYE
and below combinations, the specified proteins ma% ogtlonall}légﬁ3 pr%ift?ent in hegnmunoggzenlc
* composition d:ﬂfF?és}WerﬂfoH'Eéug%g e JttsiBASPOISR a§4sadRindifGhola™ Mg+
25 ftransporter, 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

comprises SBl and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
30 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
comprises autolysin and 1, 2, 3, 4 or § further antigens selected from the group
35 consisting of immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+
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WO 2007/113222POYEP2007/053057 Combinations of three proteins In an embodiment, the
Immunogenic composition of the invention further comprises three protein components in a
combination o3& 4ER?A2 an extracelluiar component binding protein (foP @X&RIPI&&A0S7
adhesin) and a transporter protein (for example an iron-binding protein). In such a
combination, the alpha toxin may be chemically detoxified or genetically detoxified by
introduction ofypai Jutadpe(s), Jasexamals e Aiis3SEey Rolnl TdiRY9n, 167 e alpha Loxin
is present as a free protein or alternatively'is cohjugzﬁe {04 Bo?ysacchan e or PNAG'
component of fHePH ﬁ&ﬁﬂ?g%?ﬁé-composition. Examples of combinations include:- 15An
immunogenic composition comprising alpha toxin, IsdA and an extracellu ar component
binding proteins - rqu isting, of. lamini e i t va ..
pinding protein. LU CBNE Lo s ohott (AR EElpsalel e enian
SdrC, Sdrd, ‘Eﬂ'l’fl?rﬁffa@é@Pu‘bﬂ%s?\,“l?ﬁ%i?’ﬁﬁb&“@ﬁ%ﬁ zeiRstasR) 0p QLA SARAisUNG of
SsaA, EPB, S&Prlin@8mirarit GFC \fitrepeddn tsdalinggprdseid, PafiriMggeriranspangrpi®itSinii

coagulase, Fignpaditakran Qmmqaﬂs.%&mﬁ@ﬁﬁeemﬁfmﬁ'mﬁtﬁeéyrada%ﬁaand an

extracellular component binding protein selected from the group consisting of laminin
receptor, SitC/MntCfsaliva binding protein, EbhA, EbhB, Elastin binding protein (EbpS), EFB
(FIB), 25 SBI, AutgisincanifnaidrCofSpidteiisdFE , ISt i®r8urgEritpesprGstid, Satk, Frbrtion
EnbB, Cna, Clitagreps/sdioasr, I5a\b 50y ShifetdnfyensEeibciediomh HiBGtoliEBRSSERY of

binding protein, fibrinogen bindi rotein, coagylase, Fi d MAP immunogenig. ,
composition chnmurri]gl%g 5’?8%&%%&%2%%’5?5@5#51 q Sir%gacér;e ?éé’f 3 atﬁséoa%[)p e, M

consisting of |4Rinifaneeeiae@IBsHaiR P e tpxinHIPlani &3 B aIHFELBAY, BEBaE ByabIfA,
SdrC, SdrD, SdrE, SdrG, SdrH, autolysin, EnbA, FnbB, Cna, CIfB, FbpA, Npase, SSP-1,

SSP-2, Vi inhindi in, fibri indi ' Fl MAP. 35A
mmunoqenic o Iuba e s e AP e oA e e R ERE e o

) g.a . 1 U
group co istiﬁ%j*wr'%%iﬁml?@e@p&)@-ébﬁm EBeraaleR S RARG DI NP ERR) censisting o),
autolysin, CIfAmS8urSd&airBntSEBE, thisporfdr tdRAn sBE Hae, Graay, Vg FhpispdleassitB SR 1,

SSP-2, VittonAgiRiRELALAR IR aRAeNdNTIae RIARE. ARRGHIZeR. AL AL NAR 40 An

immunogenic composition comprising alpha toxin, IsdA and laminin receptor.” An
immunogenic composition comprising alpha toxin, IsdA and EbhA.
A further combination of proteins in the immunogenic composition of the invention

20 comprises SdrE 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

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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An immunogenic composition comprising alpha toxin, IsdA and EbhB. 5 An immunogenic
composition comprising alpha toxin, isdA and EbpS.  An immunogenic composition
comprising alpW& 8% 1#3¢A and EFB (FIB). 10 An immunogenic composKigHBBMpASIARY
alpha toxin. IsdA and SdrG. An immunogenic composition comprising alpha toxin. IsdA and
CIfA. An immunogenic composition comprising alpha toxin, IsdA and CIfB. 15 An

composiion oSSR TAAA RS LA Bk =B N VB AEEEB bositor
comprising alphRCdrirspritkn ainbiaRxinalvateriobéhicoc b sitintcBARD risingrdSisatoxin,

IsdA and SdrH. An immunogenic composition comprising alpha toxin, IsdA and SdrC. 25 An

Immunogenic gomposition comprising alpha toxin, IsdA and SdrD. _An.immupqgenic .
composiion cam oo I RCHS o Sl B BoARoaslc sompbsiter) of 142 invention
comprising algiPaRERAS, 15RASEAeA PN irdmurfoliehitutten gotiarss eeqRLiFRMShA eadp
Sbi. An immurvogsisiiagooh pPSitidEsANIG NEBISafkaBpolssHB . ISANIEBNUBOQEHarA, Mg2+
composition ¢ iSing | d mmu IC:.CO if] rsin

e A0An I A AR N A e i e
described abd¥eP W8 2thP9#L3222PCT/EL2007/053057

10 A further combination of proteins in the immunogenic composition of the invention
comprises SasF 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.

15 A further combination of proteins in the immunogenic composition of the invention
comprises FnbA 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.

20 A further combination of proteins in the immunogenic composition of the invention
comprises FnbB 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.

25 A further combination of proteins in the immunogenic composition of the invention
comprises Cna 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.

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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An immunogenic composition comprising Shi and SdrC.  An immunogenic composition
comprising Shi and Ebh or fragment hereof as described ,above. An immunogenic
composition of 2§V E#8h comprising IsaA, Sbi or SdrC Selection of anf§&AFERHEILE in
different clonal lineages 10 Analysis of the occurrence of virulence factors in relation with the
population structure of Staphylococcus aurous showed variable presence of virulence genes

in natural popu to s of S. auteu Among clinjcal isolates of Staphylococcys, aureus, at
least five clonal me%ges %333 vﬁf t%“f%%”# 'HIJ éWygﬂ?%%%tﬁoEipg’ %bf Irﬂal cﬂ‘fﬁﬂﬁ'ﬁﬂ
69(1):345-52). mmnmnﬁﬂgéuﬁngwbﬂ.f%r@ne@fwﬁb@namgmlﬁcmm)m@ammgtlmtw
A (c1fA) were sipibtRMRAMEABD! iraRpstef tbmsgme%dcgafraglesmgﬂims@omn?tg 03'1
suggesting an e roteins in t urv aur a

Infect 20Immur}1&B (;t ?%Bég%?%p o?’éé%g}%ciog'rdﬁ%ﬁ' Iggélgc E ?R gF(ijegfrl%utlons.
of febA, clfA, coagulase spa, map, pvl (Panton-Valentine |euk00|d|n), Mg (gamma-toxin),
alpha-toxin and idertappeantrntidre ohetldéed th the unﬁmlwg@mlmmmwmwfswggmsémn
considerable hgyizghial Fﬂi%%eéﬁg q‘%%%@?ﬂm?rﬁi@r%ﬂ[@%’ﬁ&&% VRS & X 5‘5

fibronectin binding protei beta- hemolysin Pg indin tein cna
TSST-1 (Lit) aﬁa'%mﬁqmﬁ'?égfﬁg%ga@é?@ﬂn&'&) 5AB stpdfglyRsR Mkt @%m’@eﬁeél
lineages (BootARSE ahn&o0ter| mpka koxinLaiplDidxirB4 556 2. 5/  autya rie dtite,ckaptamld 3682 (Infect
Immun. 7449):4957-96) showed that the distributions of the enterotoxins, 1st, the exfolatins

(eta and etb), ia 30and Ita,-tOX| the sdr genes (sdin, sdrE and bbp) ebpS and efb
Wwithin the popCialioie, SETEHENY < ATERY oo CARHOE TS G GRaRAP o TF BT

MLST data prmerﬁgsewme@mamrama résﬁovrsﬁal&lmeneettmmmaele@eas‘mmrﬂnewnw

g5distinct sudb?mlaﬁkyw Bpwlﬁia@oﬁam'ngp@m%g%%ﬁq;ﬂm di?easeuwcﬁtraisﬁx M92+
recovered mom as terio

20071113022 P SRR %%55%@# SR %d?r?@ﬁtt O ]ﬁ%&o% ?Qg%f’ﬂzfﬁa

inventionl&re é?@%t&@é’@dlﬁé@étaphylococm from different clonal Ilneages In an embodiment,
the immunogenic composition comprises 1, 2, 3, 4, or at least 1 protein that is expressed in

most isolates of AR 0GR ﬁ?tgxampr;fa SRR ARAEmalHD (Bitlon

fibronectin- b| ing protein umpln ctor ooagulase, spa, ma

(Panton- Va|erﬁm@pr@&§o§ﬁ%)armg (Farhhaldid enéat'méﬁ'eaeﬁwfmhfh&l@qwﬁtw of
RAP, autolysifniiRupiehiabdDABJ triegiois. 1368, £ABB)stDNHAMA, evgRoterSHEHeIS A s,

SPOIIE &), Ssage '?r%&%oﬁésﬁléﬁ%b ?ﬁa%% 8PI%8Elyn{lﬁ*a%t SR &G féﬁ&@saﬁB'

CifB, IsdA, IsdB, FnbB, Npase, EBP, Borie sialo b|n Ing protein [1, IsaB/PisB (Lorenz et al
FEMS Irnmuno, Med. Microb. 2000, 29; 145), SasH (Roche et al 2003, Microbiology 149;
643), IV1RPI, SdsihéRaohbiatiidr? @D Jretrolroltgy idrklrodghicS astrpditiohecét the 2i00htion

Microbiology 148,34&). BEECNMS 3508 oV ERIHRMRliRHRR AL A AR YN consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni
25 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

comprises SSP-1and 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
30  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

comprises- SSP-2 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
35  ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.
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In an alternative embodiment, 2 or more proteins which are expressed in different sets of
clonal strains are included in the immunogenic composition of the invention. Optionally the
combination ofYeM&EAL3 allow an immune response to be generated tR&IIIERHEEINAES20
against multiple clonal strains, or against all clonal stains. For example combinations include
EnbB and betahemolysin, FnbB and Cha, FnbB and TSST-1, EnbB and mecA, FnbB and
SdrD, FnbB and SdrE, FnbB and EbpS, FnbB and Efb, beta-haemolysin and Cna,
beta-haemolysin and TSST-1, beta-haernoiysin and rnecA, beta-haemolysin and SdrD,
beta-haemolysin &ibies g thiration aefr rrodjeins andtiEb iBnieagehigeenolpeitie®Ebe Javerign
and TSST-1, Coampi@ddnarSs i 2B SHEPs fuRtAcr aftigshE s&ldtiea M i BsSgroupacansstidB of

Meoh and Scr B R LA R % s TN, o R merslole S W
EbpS, SdéD aﬁg%mngmm@awt@d@snwmmw&mm BAP dpgs Ssah

combinations described above may be combined with additional components described

above. Protectjon agal é&v% %{@P?ﬁggote%rln A qﬂp'ﬂﬁpﬁﬁoggﬁc compos sition of the invention

2007.413222PCTIFP2007 iment e’invention t e Immunogenic
composition prVTREEeSN EfRIEsYR P‘HH‘PL%B'?@%@H% hdaitst Mordumas 8rioetsRigsted from
staphylococci, ther grepnples atiagnst istrainsdtminab b ABS .tanspugeand dd, ¢piBelsdiislaFRorMg2+

example 18 Profged} ém’@&@erﬁ?mﬁ‘éd%%&e "2iA 0N hINRRANAE SIONRES AlSnt,
aureus, One uﬁ%ﬁﬁ@ ﬁtﬁggemc composition of the invention is to prevent nosocomial
a

infections, for Ve surgery patients, by inoculating prior to hospital treatment.
At this stage, it is difficult to accurately predict which stagphylococcal strains the patient will be

exposed to. It j tt]&ﬁeifOésrﬁ&IN@tmﬁ%%&wn@qmb%e.mﬁﬁh@g@ﬁ&lesrﬁlaasltfomﬂamébtﬁveﬁt.on
generating an effective immune r% Eéanse a alnst vay %s S ralni f tapm(lococm]

effective immuie" Pé'gﬁonéémg YEHRCA S AR rﬁu%e t g’ e t lfrbi f fi N er%té%'f‘on
in a moudeé chﬁwe@rgémemmgdpfsmmdg@m@is@%mweaée%eledﬁ tHQQS"QEParMﬂ%'s.
Significant procteﬁs'pcsnhrr WWBWIWm@d@wﬁ igsiangenthahet erssnRie 15358 Gritapd
as an mcreasq_.g%,tlya mparison with carrier inoculated mice of at least 10%, 20%,
50%, 100% or Slgnl cant protection in a cotton rat challenge model, for instance that of
example 8, is defined as a decrease in the mean observed LogCFUMose of at least 10%,

20%, 50%, 7080 mﬂﬁﬂo/mmbmwm&)‘mﬁrﬂbﬂ@ apSaeismgumotbidiesisplsioon o0 darrhaetionth

protectiog0 th g@{%g%/go é%gﬁl%% éﬁ/gtlop |§ |gd5§ac}§% Qyﬂgeﬁﬁmlgquagﬁ%%g g}g[,?

at least 10%, 2 or9 in an ‘opsonophagocytosis assay, for instance th

example 7, SERRRBEHHY piBEBReIARIAN g ABMUFRSSBRTMantsABC Bdbs Jorfer, HAE IMo2+

activating 25ptateiportsa8it@), eicAporeassiperttsaAlitis Agxos adfipHabloAEBRE, BbpS&Hmchitam,
are well consqfxpd,g,q;\grgpgsgAaureus and S. epidennidis and example 8 shows that IsaA,
CIfA,  SdrG, HarA, FribpA and Sbi can generate a cross-reactive immune response (for
example crossreactive between at least one S. aureus and at least one S. epidermic/is strain).
PIA is algb weN dotiserwethbisaliaenSpairipasiartteSinppitegenitissomposition of the invention

comprises Fig 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.

30 A further combination of proteins in the immunogenic composition of the invention
comprises MAP 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.
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30 Therefore in an embodiment, 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 WO YOG1/18222PCT/EP20071053057 In an embodiment, thePFABEHBgRTHRS7
composition of the invention is mixed with a pharmaceutically acceptable excipient, and
optioanlly with an adjuvant to form a vaccine. The vaccines of the present invention may be
adjuvanted, partl when intende for 5 use,jn an elder opulatlon but a for use, in
ot popuiatche T8 BRI RS i A RSO ot S

gel or aluminurfopIRasph R BRedemina ARG ranRe s efdet elaft i faUbRr a5tipek sefected
calcliumo,I magnas'rurthdrgm?r Zeistingnaly | afian resedullesraaneicsianval neyiejestdinsenar
acylated sugar tigni | cehar, P 0
It is preferred tIEat ﬁweg %(%ﬂvxaﬁ' sgfeculg%'dﬁj E% kb &@regngta ?’r{re (?ér%?ix $?RIP type o %ﬁré
response. ucl$‘i’f@hsl%"bl§-'8f"%§9(§}9estﬂ$®lfﬁ%t &Ry Sttt EThdGefoARAse IsAfdbRted
immune resporgsas, (&RBYISSR-an8gere, Bt Viteindetiesinfind 2royghe, distvkiges tizvathgopfatemnr
the induction ofsuymacal g HEIRABSHSIBHESHARIRRR o PiTde HisthCHAP LI ANEsan

Th2-type immune response Is not absolute. In reality an individual will support an immune
response which is described as being predominantly Thl or predominantly Th2, However, R
is often converflefitrtoecormitiénative familietsiof Ty tthleinesminnteyenis ofdmaositietridfe thén inveritie
CD4 4-yeih Ceﬂ&@ﬂ@&bydwgﬁm@n@ ang gG ﬁ;ﬁﬁ@nﬁmr%%@aﬁdﬁr%wm HsrBrr{g of
(1989) TH1 anPI TH2 ceIIs diff % (@?}4&}% erns g ine %2% to dif e

functional propenies. (& cﬁﬁi?&l 5 PRNAAR |’(’§3?r9te}511 )Ig %7%&"9 W@ Rrglein
responses are (G6866i&ER (FitB)tfBpractalytivn S SdNI--GdiRd IUR SarskirfslstbySasF, Lipase
1-lymphocytesceibessyioknegs dpﬁm Eﬁﬁscﬂnfﬁsémiﬁ%i\h Mbbﬁéerzmmﬂnsﬁ‘aﬁhﬁiz@essp-r,
immune respo of produce such as In contrast, T p
rosponees are R BeaeLd WA o e R G T IO 06 RS A maEROde o AP,

systems Whichefithiete. @'B@d@ﬁﬂmwrrﬁﬁﬁ@dpéme Wﬂ;ldéplmﬁwﬁﬁﬂﬁsphoryl lipid A or a
derivative thereof (or detoxified lipid A in general - see for instance W02005107798),

particularly e AR AsHmenEP o Ipse ?rr'ﬁ B LR RORE P 205 BRon

2220211 A); and a 30 combination of monophosp prefera de-0O-acyla
monophosphowmﬁffﬁeﬂ'%@ﬂfe?-vﬁtﬁ értﬁe? ﬁl‘f‘ﬁmﬁf' %‘?ﬁssﬁ?iemﬁdlffgfﬁﬁ %fFEHﬂrFRﬂﬁSt'”g of
phosphate or ddorninustéptdroRitEMatGisadikibivdaig mesteinsSiEbhA) EbkB, dlaskimatinng pritigen

and 3D-MpL areoﬁsrter@?#rs}hge‘ia@urogemlCerﬁxtes%treC%H% %Wﬁ&.ﬁor LTpase eféWbefgasAble

delivery of antfqenlc ‘and immunostimulatory’ signals. Studies have ‘'shown that 3D-M

o WO 20071 LTBBTBBT BBy 6580 5% EnlsafiRistheSsAtn GG &RER, §PRR2 HBP,
alum-adsorbeifntiegin Pindiegepratiat Ttarcigen (L80IBY PEowdE - tdaduR LS FAHMBE3 albha toxin,

enhanced sysiggndivaivassheaesBRIRRIRN, Rl mapephespnory! lipid A and a saponin 5
derivative, particularly the combination of 0521 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 9612373 Aupsicorabynatiesnchidjwieint forthel dmonirgenitn gadssiteD-Ptheariaention

tocopherol in @arﬁﬁrgér,tvsw graurl,sn?rsI&%eecruhﬁerla%@%%&?&é@frmme Sroeebmeintnsr

immunogenic osition, a omprises a S

formulation ma%%mfgo 'S6n b%.sgg%? k|§nié\'?vrz:11§er amuts orﬂt%nbl Bgét\)ﬁ% gr%%%ﬁ%f‘zﬁ‘fo?m?e'”

Unmethylated EQRS)e 58 i) o §b vt absin «Stiw BAus/ GsB s Paif Seier Pdhufastoddnassry

oligonucIeotrd%WﬁrB/&%WOO%O@B&.X)}ﬁBeF&M pieferertal ol Sys0ERS HBP-1,

responsg@nd g&p SUlEYeJRLHSSINIRGHY BRAGHIMERREGSh BRding protein, coagulase, Fig, MAP,
alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

A further combination of protein in the immunogenic composition of the invention
comprises alpha toxin and 1, 2, 3, 4 or 5 further antigens selected from the group
35 consisting of laminin receptor, SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin
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Particular adjuvants are those selected from the group of metal Salts, oil in water emulsions,
Toll like receptors agonist, (in particular Toil like receptor 2 agonist, Toll like receptor 3
agonist, Toll lIRE&e#372 agonist, Toll like receptor 7 agonist, Toll like r8E& Hohidt and
Toll like receptor 9 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 figrm, Gram negaiiye bé‘ﬁée{ﬁéﬁt?éi‘saﬁ{é%ﬁs E S@J@%Byéfé!&o%%%ﬁdm

particularly N. meningitidis blebs. Adjuvant propérties or blebs can be improved %/retalnlng
€

LOS (Ilpool|go§3?:%(,lﬁf?ﬁﬂfl’e(f'?5}'?|t§as‘i'?l*fg(f!@“(eF Qb'?m Ry P@'@S FBafatlrasaniaAdvisConeahuBEiBns
of detergent [f86M$tcBRP-@;C-BR dﬁtmq&dnolaw]mg_mﬁmanﬂbemm&'wr@rmuglmthmgsla&{ )
or hirB(-) mutaingABSHSRREJEHNLARE TARs ALY AP 1RBE R CHRAISIES IR by

retaining Por g gg\fi %ﬁonallé removm% PorA%ﬁrom meningococcal blebs. Adjuvant
properties’cartAred haTn SAOTRATE] fiemaatingihe outer core saccharide structure of LOS on

meningococcal Webs - for instance via the 30 IgtB(-) mutation discussed in W02004/014417.

Qlternaftivgly téwer@{géers&ﬁﬂmam LQ%:(&an i‘ﬁ?'%@duﬁfﬂﬂh@g@?ﬁp@ﬁ'baﬁ%ﬂf thf%%mvamman

e purified and used as ositions o urther ant
faﬂaatog( rgl[lons Qeanan f IE%QI né her a cm“ ens f&%%

which may be GSEd WA the compo he Inven |on may’ be’3 cte
a saponin. lipitlon dhesreméweshmeaiﬂamnmmmtgnnﬁjﬁmwcmma binding protem EbhA,

2007/113822RONH-BROAY BRBIBG Prondig QBbistg OtiFe (RIB RISHI, gdum%ﬁrnmmesﬁaossbmesamoil

in water emul o) tion f d aI al
combination ol Ch s e R G S T S ni o Bl RGBSty
agonist in parﬁéﬁfalff?@aﬁéﬁjrét SR RolihRe Yétssep Dingling profeiy @bfbﬁ‘%%ﬁtﬂqiﬁg |W°te'”
particular Qs2Zbatuladelrtrigr Krdte menLiabthiazmt jABENt ssieerc ay ises ea@rHaexeMg2+

adjuvants froq;a%&ggvg @NM@@WM@J@F Jo @ggg)gs preferably contain a saponin (in

particular 0s21) adjuvant and/or a Toll like reteptor 9 agonist such as a CpG containing
immunostimulatory oligonucleotlde, Other preferred combinations comprise a saponin (in
particular QSAl jutheracboibiiletion cefpimpiéimgonibe sinvhuasgenin opimospitany | ¢ipithé\ Drésidn

10deacylatedc@ﬁ{b\*@8¥%%nb"? Lo, @ 4 éﬁ@%ﬂ&ﬂeﬁ'%rﬁ Wé@fe@t%ﬁjf)o%‘%é dEr‘aUd'%SnE‘?s‘%ﬁBth 4
ligand such as af alk B%Iuczgam &qf gahosph rticularly preferred % %tHgants are
combinations %T@B h @ B’%ﬂ” 28 B’f}e'&l ﬁﬁ%&tgp'e%ﬁ BB SrRTRt "
3D-MPL and MXVEEBQQ‘/'B‘LZ&BI & Y8I56AM4) SIB>, 0B BD, I E, Sl BddHwihsbthapase

carriers $gP Qa@ﬁ@ 454 8 PrifAtheibBr SRsreskBdiyANNEYSIC RGN IERa A E@@béfsaﬂ@rs@fp?r D
MPL , 0621 p9t0|I P eotlde as des ibed in %5655867 U86544|518
e S o TR e AR

embodlment e adjuvan
as a lipid A déﬁWﬂO@ﬁﬁ'ﬁﬂOhV&ﬂQ RROpHSs ey (IS Iadéh rHera, M@ﬁ@l%@%ﬁyﬁtéﬂ
monophoshopsdpignapctél -AdPhad BE3aMPL is available from GlaxoSmithKline Biologicals
North America and primary promotes C04+ 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 mixtureof & deisyifeatRalsh ke iidthe vimmanegenieremegitian ohdlies vesfambly
in the composdmised theAprs esiBnNKention STHA| Ipeatishe 8IfB; M dadiseet; Jsualbpaisienp; 3

-MPL has a neauch%é'éaréumhaﬁat SR, tr&ﬁsn&%ﬁ&%t%@éh;ﬁwm 9888%%&5 RUENAg

preparatlonsr%re described in International Patent A |cat|on 0. 2. 30Synthetic

derivatives ofibid R4GE@MhBHH: d?ﬁ?tﬁ%ﬁﬂﬁo‘?@?ﬂﬁ%%%@dﬁ@?q‘fcﬁ?&h&'mnd CIfB; CIfA

and SdrC; CIfA and SdrD; CIfA and SdrE; CIfA and SasF; CIf8 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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not limited to: OM174(2-deoxy-6-0-(2-deoxy-2-[(R)-3-dodecanoyloxytetra-decanoylamino]-4-o-
phosphono--D-glucopyranosyl]-24(R)-3-hydroxytetradecanoylarninol-a-D-
35glucopyrand&9IityHBéEnphosphate), (WO 95/14026) WO PCT/EP2007/053057
2007/113222PCTIEP2007/053057 OM 294 DP (35, 9 R)
-3--[(R)-dodecanoyloxyletradecanoylaminol-4-oxo-5-aza-9(R)-[(R)-

3-nydroxytetr %ecan larning]ldecan-1,10-dioL1,10-bis(dihydrogenophosphate) (W099 /64301
and WO 00/04%2Y" N/Fy‘i‘é“FM hreerBEotels. oR) -3-[(R)
-dodecanoyloxytetradecanoylarnino]-4-oxo-5-aza-9-
f(R)-3-hydroxytetradetadismdantindidecmogtrid cdiadoditishirdregeraphiosofisdecbifises three
aminohexanogi@}e(i Y6 a2 )l Abhetidn R digrnexin s b RaYRaHSeFnB R elkBIndin
et ooty et Eopoip by el et e

(processes for, ration of AGPs are also disclosed), or pharmaceutically acceptable salts
of AGPs as disclosed in US6764840, Some AGPs are TLR4 agonists, and some are TLR4
antagonists. Both are thou t to.be usefu s adjuvants 15 Anoth%y)refered

immunostimulantist uae“ i fae BPRsdig |ﬁ ﬂtl@ﬁ' i 2 oA TR RS IRAIS ARy e netigally
saponin prepa$ 5qu&§f€HWUm%8f§9mh’Wﬁ?8?ﬁé Peeemnigarediisrriey RRINEYURAPNas
first desctbed &8 Ry REIVANPRSE0IABY D ERGyMPRIBL &Y. iRlteTRlive's dpappniugntarane? a
Archiv. far die RpsapshandedutBNAR RGP Y, t8pirTgeToReNtearatpoBitioin, p243.254).

Purified fragments of Owl A have been isolated by HPLC which retain adjuvant activity without
the toxicity as&seraped ofidoihiilafiodsheudez 278), for example 087 and QS21 (also known as
QA7 and 0A21). 08-21 is a natural saponin derived from the bark of Ouiliale saponaria Molina
which indgces &HDRnfygsexiE E&ﬁy&{&ﬁt%ﬁd}@ﬁﬁ"%ﬂg q&aﬁdqgemaaﬁdgﬁzae%mq»ér
e R TR B Eof?éﬁ%“tf?ét %eésa& ﬂk{f PR ARG o

formulations of descri ed cu rlr}/dpre erfe: %%n gﬁgg ions
further comprl }5@ § e sa onlris (a)‘F'n?ln ar P ﬁm re% t
may be separa e |ﬁl{ r le Ixﬁgf'ﬁ'ucléﬂ@eﬁe Bg g@?&wtré] ARt @ely
with bile salts] BPAnNPEReilsHdRn S8 56 ﬁﬁ?ﬂ&e§§ﬁﬁ oHERS yﬂ@’leﬁ)‘ bipsise pretety
related clloidHrt EWI%P@Q'%@FPMUIH@ JrigiaediM&Rnultimeric complexes or
lioidic/layered structures and lamellae when formulated with cholesterol and lipid, or in the
form of an oil Anwiatewesogetsorcéfopesitampterasrising/ QIPbal 140). [F6B sapbrans exaycellular
preferably be asspaiatedomiiing preteilicssriétealichmstRS ghapnismsiBloXIdRBNAURBEER,
phosphate (WSRORIKEZ3TaHndMEpeReiA Eotdl 2BRE! [ERLRtind préssiallth i8S BRBQRIB)S
presenteg in g fermipdia, BRSOSAR:, ' 34BN A s QB NSHRAICT GIRSEEND, SasA, FnbA, Fnb,
Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin binding
protein, 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  Animmunogenic 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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An enhanced system involves the combination of a monophosphoryl lipid A (or detoxified b
lipid A) and a saponin derivative, particularly the combination of QS21 and 3D-MPL as
disclosed in W¥OPA331322 or a less reactogenic composition where the FSZIEB2BT&3HEd
with cholesterol as disclosed in WO 96/33739. A particularly potent adjuvant formulation
involving tocopherol with or without 0521 and/or 3D-MPL in an oil in water emulsion is
described in WO 95/17210. In one embodiment the immunogenic 10composition additionally
comprises a saponin, which may be QS21. Immunostimulatory oligonucleolides or any other
Toll-like receptt (PTPROCOSRSCHIBIPAT P UNPESINScipTA doprefedreandifgdfucleotides for use in
adjuvants or vaccines of the present invention are CpG containing oligonucleotides, preferably
containing twoAnrimmoueclBnitrmocipotitien Carapmntifs! sepsdieddsyaatlEasBthree, more
preferablysat least six or more nucleotides. A CpG motif is a Cytosine nucleotide followed by a
Guanine nuclegiigemiitgnrCodRmidRlesHBRsH ol ABRAERFE MR RREYp gre typically
deoxynucleotides. In a preferred embodiment the internucleotide in the oligonucleotide is
phosphorodithi @Ow g i g‘ hosphodiester
and other 20 ié?gr’ﬁ?gi(g’;%{g ggﬁﬁéﬁaﬁ%wn r?étﬁ %@é%go%‘ﬁ tl?e invg%r}ltlt?f#QA é?s included within
the scope of the invention are oligonucleotides with mixed internucleotide linkages. Methods
for produting H6@%8?8&“8&@13?&5’8[]%Bﬂrésé%gcﬂlpﬁﬁc}gﬁﬂo'ﬁ%ﬁﬂgﬁggre described in
US5,666,153, 1i55,278,302 and W095/26204. 25Examples of preferred oligonucleolides have
the following S¥y\IEREgenisceBgomtivEepRidnglphd ivdm IspdepH&ithloate modified
internucleotide linkages. OLIGO I(SEQ ID NO:1): TCC ATG AGO TIC GIG ACG IT (CpG
1826) OLIGO An(8EQnHYeX O dmidsSitidd CEnpGIEgGIfhaxe@m, TAA §6pCife758) OLIGO 3(SEO
ID NO:315ACC GAT GAC OTC GCC GOT GAC GGC ACC AGO 30 OLIO 4 (SEC ID NO:4):

TCG TCO TTAnliRhdr6EAEbigaditfotehiapASRE hiphd @hdrp IGBE GhiENR:S): TCC ATG ACG
TTC CTG ATG CT (CpG 1668) OLIGO 6 (SEQ ID NO:6): TCG ACCP TCG GCG COG GCC

G (CpG 54 L ive ¢ i cleoti ri e preferred sequences above
i that 35they L e A OO APy
2007/113222PCDEP207/053057 The CpO oligonucleolides utilised in the present invention
may be &InthBLiITRGBYNF FRIRSEIANFRMAATRE ARha BNl P 468520).
Conveniently, such oligonucleotides may be synthesized utilising an automated synthesizer. 5
The adjuvantMdHEngaesiciroansitiomensipristig miahedonipristiandBdHvater emulsion in
combination with other adjuvants. The oil phase of the emulsion system preferably comprises
a metabolisal#le ioiniiugenieaningosftidrectenprisingtalpblisakite ledAsawedazown in the art.
Metabolggable can be defined as 'being capable of being transformed by metabolism"

(Dorland’s lllygiraiedAdgshirat dMpHaRaT oW pReiR PRI SKAMRRNYn B4k edition (1974)). The

oil may be any vegetable oll, fish, oil, animal or synthetic oil, which is not toxic to the recipient
and is capabl of @%iﬂ nsformed.by metabolism. Nuts. seeds ains are common
sources of ve%ré{a le dgﬁtsgﬁgycr?mg?% '(‘)’ﬁ(s"%’{r“ ) r%’rqaoﬁoﬁqk%?\geﬁ?ﬁd;%nd can include

commercially availabie oils such as NEOBE.E8 and others. Squalene (2,6,10,15,19,
23-HexaMetHy1 P BYRIaNCEDRRLiPacomisingpyadin 1Is At MARd 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 yeasPaemynegriis aarangsiatenmarsingdsaisend §is invention, Squaiene is a
rnetabolisable oil by virtue of the fact that it is an intermediate in the biosynthesis of

cholesterol (Melickrinateenie Eodipositiemtympoidtd BBA 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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20Tocols (e.g. vitamin E) are also often used in oil emulsions adjuvants (EP 0 382 271 61,
US5667784; WO 95/17210). Tocols used in the oil emulsions (preferably oil in water
emulsions) of K8 MVEHI3H may be formulated as described in EP 0 382 ZEIBP2MAz0H e
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 abov¥. IDMUAIARST MBRSIEPNEgREsINS Setans BaUe been suggested to be useful as
adjuvant 30 compositions (EP 0 399 8436), also combinations of oil in water emulsions and
other active agemisinavegeeiercaepasitiedcam pdingabits d0d Enboin s diivéDt 9béiet? H; dAkOribed
98/56414;3N0=88{22565; WO 99/11241). Other oil emulsion adjuvants have been described,
such as water in oil emulsions (US 5,422 109;EP 0 480 982 62) and water in oil in water
emulsions (USy5, A2 ABZeER QABGREA drBle M ihiSh i PISIRISY SISO
2007/113222PCIMP2007/053057 emulsion systems On particular when incorporating tocols)
to form adjuvants and compositions of the present invention.  Most preferably the oil
emulsion (for iggfaersnQl EhURS SRRSO HIHAALALIALPARAgeeMUIsifier such as
1WEEN 8@ and/or a sterol such as cholesterol. A preferred oil emulsion (preferably
oil-in-water emulsion) comprises a metabolisible, nontoxic oil, such as squalane, squalene or
a tocopherol sOBAYES afthe weeBmnsetidripprefacits/ beiatinqusits e o0 ARt H5eeplecabl)
and optionally $taptmmdsties Guraw thotast b atkhes ebeirrbBlrufesie gl {esaierably cholesterol)

may also be |%Hggﬁio,%00?@ew{%%od of producing oil in water emulsions is well known to the
man skilled in the art, Commonly, the method comprises mixing the local-containing oil phase

with a surfactant such as a PES/TWEEN80114 solution, followed by homogenisation using a
homogerfizer, Ameogdilieat iealaties afrStap/shidbeccirs theond, Hiadatma ko ongaksinggpassing

the mixture tWé?ﬁﬁ%%@ﬁWé?&%@ﬁ&%tﬁ%‘ﬂM,%éﬂ?ﬂ@_&@ﬁn%%?fﬁf@@ﬁf CI’;Fltl‘é(_olumes

of 15 liquid. E%J_ﬁ#y,,the emulsification process in microfluidiser Microfluidics
i

machine, ma P Sa) Sranestin-Qindingerdeid mifthAkaad CURRNHRERESS (FE Wi of 6
bar (output presswrdmbapmseB50 mas) ot thel thdletex] aegedibystbidineageskdrdidyirs thgeatingoan

produce smaligf,8HiAII6k WP IHBRR DRIGHRISINN s FAGREPR IR C gk ErarhiRa dRycfoutine
experlm%tatl?n com [ %h§ surement of the resultant emulsion until a 20preparation
was achieved Wiﬂ%’%l%@&% S &m&%?qv&ﬁeﬁf‘zﬂ%%&?ﬁw%ﬁtﬁi-&%‘?&“&%‘l‘ﬁmﬁt!%°6n and
emulsifier sholiffbe/fth eppadass e arterpTiBaatpredasrtiaaievkocigime Mo (garemagiexin),
phosphate bufigreciaaiagd thesiearel e el Hepirt o ipdnmasibingthe riaitecildr Wateling

emulsion arec% rably les #}an micron, may be in the range of substantially
30-600nm, pre gf’iﬁ{;%ﬁﬁ’é% riitl y’SPSl?ﬁ&?é%‘?%%S%}ﬁﬁﬁ'n diameter, and most preferably

substantially 150-500nm in diameter, and in particular about 150 nm in diameter as measured
by photds conretatitrargpstasiosammsel eiis seagntd. fBSeefiihmeihg pelatsehyrpenbershould

be within the pref [ > t % referably more 30
than 95% of (e o U o S ELAE RS IS ] L AR ERERE of e
components HESHIaf thareif Epnasrnsedtedavihenestiminasen Geotorian88AhiK iat the
range c;f ]fromlﬁlftﬁp%b(oyzzﬁtﬁﬁ@.‘yskt]mileamm%é?&ek@gzﬁtmdgmkcsuﬁm?ﬁ mtlﬁylme ;gapd when
present, from 2 to 0 opheraol; and from O. 6 surfactant, such as
polyoxyethyle%%g \g%?%l fﬁ?ﬁgﬁtg@é% & E}rt Fe?QEﬁg/O %ﬂ’gntsa %%%ﬁdféj}r%ﬁ%?éﬁ% %’EﬂJ‘%@h@?%StOCOI
(preferaBly o-80EdisHaTONS. doriaFioIaRes (@ S8 anid rovienss ebporadsedbrathive
2007111322 213pHaEd"2418 BI0RgRD GigtigksionrefeteartifiT-dsHeddatonyveend@s Span 85
may also be present at a level of about 1%, In some cases it may be advantageous that the

vaccines of the %resent invention will further contain a stabiliser. o
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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5Examples of preferred emulsion systems are described in WO 95/17210, WO 99111241 and
WO 99112565 which disclose emulsion adjuvants based on squaleno, a-tocopherol, and
TWEEN 80, optith&iR/id#titilated with the immunostimulants 0521 and/or gﬁﬁ@lﬁﬂ?ﬁ%ﬂ‘??ﬂ 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, {2 aAEaQeimaTtin MY sRA SPBRISKIORR &f Vit KIRER BN BGH ST8ENe against
0-306-448674, $BAERRSFEA 4dprset Boaldfe#aat-and immunogenic compositions
according to the invention comprise a saponin (preferably Q521) and/or an LPS derivative
(preferably 3D-MPY fP RN UiSi MR RIHEI SRBBIS IBH HRITRIF SHith £sterdt réfeleast, !
cholesterol), Aduiiteinatinttize capressatsiom{prefealdy ol staphgieoech UEsiamplasayf cortapicgias
85 and/or 'ef;'thﬂbmaélarmgzﬁaa\f}\l}wﬁ\gmmmmtﬁm&g ofRdlei ARl SRMARIRTR 22 stekol
and a saponin z‘rﬁ ESCI’Ib?d in WO 9 /1252{% : MIC&U forkrzlﬁgn n ?dg@lmstra_tlon the,
saponin (preferSBiy 0 RRey SPEHEe AP Af 78007 ?ﬁtl'ﬂg Ik f_’ﬁ\/\ﬁf’ PRI a ca,
human dose ofimmunedsgeinanicdBp trenimariartRAR mydolyBip gRROOEhals2H ad. 10eOdXNs. 183;
preferably1$0pg 562y aapanidseedvRicall, i AibRRIUON (g fexily mibs, Water GHsHaienk|

will comprise fr 25.10% met iSi iL..Preferahly it will ¢ rise from 2 0%
squalene, from%c% f_@%@\%‘ﬂ%ﬁgﬁ%s#gﬁﬁEf #rga'mé "Cﬁcim 35 od\'é\;,j r‘é@zﬁﬁ‘%@ e_af%)%r%ru%’lﬂ%r
(preferably tyvedHosoNgiagy Brajeith i reBidsbitdersne b SRS \wRstobMeds Miehe @0t 29;
aipha tocopherglgyespses@ticiiy &fiesaphp3h Rlicadis o HouEde 643 A MRA I ST ERaLIS e wabto

less than 1 as s iayides aqmese stable crision SPaRESRRIBAPleRtel MY Al be

present 30 at a 5t01%1 sions used In the invent n some cases
may be advantBIfSHFS HHHStRIHaAS Jarttatyshsitions and vaccines of the present
invent@on Wi|| further pontain a stak.)illiser, for example other emulsifigrs/sur_fa(.:tants,‘including
caprylic acid (metetndex e RSl Rbrd SRR R WHNAMENISAPLAE IS RAFERIHALN of
preferred. WO 2007/113222PCTil.P2007/053057  Where squalene and a saponin
(preferably Q3P aka"AiRR Aedndudedrin Lisdmmynoein creresitior pb e /RYSRUBR, SHB‘P&MI’BB
to the formulaticomdinétitm alfantigenedalttbowiarthertotst kespbodeoibibe lgeraratdsidmt Thafftetics
oa redulsrﬁ%ttr! C%Eafgfsg}amuﬁﬁctaaﬁajrepsmé?m,eatgaﬁfsﬂ?lp\e%rﬂl SRLOTEGf mma@cmmtﬁﬂg
also qualitative an itafive improyeme e resu im e es, such as
improved IFN-WﬁW&u@%ﬁ,a ‘gc\écﬁja W}gﬁ{@ f&ﬁﬁ?&qgsé%?er&%rétﬁgg:)ﬁgjﬁﬁ%eﬁiaﬁgtm iy
comprises a rabiobf anetaddlisanie endapthirt (hBrgric Bhe$ahneBodrRDED, tbetBbaemalysintand

prefsentbilnvzegtienaqa%maage%i@ 5Iﬁavarét§1lfor,%§k@w@eflflary§§l wﬁﬁw@éﬂvme&iﬁab_iﬁdpﬁﬁp%
preteraply 1t -1,.and most pre V.S stanti 1, IS, vaccine retains the
P omchainl ad oA R B A SO bR ToUAR T e R TaNan kP

profile. Aé8ordfFrgyanthd attib Fanyeriarepis CemBstitiehSnsans S9Htid-or shddibps: Gspand
(w/w) in the raggs; 76371 tantb@sk AasesT ArafrsepangeTs 20419620 S Tprelies Ephys2Gsk o

100:L, and mos) prsfergbySybsonHalNIR:1, Pielerably  sierel (RO pielarABl Chalesicre)
is also included present at a ratio of saponimsterol as describe erein, & emulsion
systems of the S EsSAIRRARHEBRSp RAtRPANY RikveSArE AR PG i IR tARIsEBeRIRIORT-

range. Most preferably the oil droplet sizes will be in the range 120 to 750 nm, and most
preferablydromQ:5A0nANRiaRaa BEdARBICHAYY ROtENHBREY A osBYIBHAN dipslingte
combination with AIPO4 in 20 the immunogenic compositions of the invention) involves a
saponin (prefe 55?{/ O¥Ah 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),
25Examples of a TLR 2 agonist include peptidoglycan or lipoprotein, Imidazoquinolines, such
as Imiquimod @aetdtsigginadsase-knand ST kRdeagaists, Single stranded RNA is also a
known TBR agonist (TLRS8 in humans and TLR7 in mice), whereas double stranded RNA and
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adsorbed onto a metal salt. Aluminium based vaccine formulations wherein the antigen and
the immunostimulant 3-de-O-acylated monophosphoryl lipid A (30-MPL), are 35 adsorbed
onto the same P& 4/ 4escribed in EP 0 576 478 B1, EP 0 689 454 BYCERg28R7(§53057
2007/113222PCT/1P2007/0530? EP 0 633 784 Ell. In these cases then antigen is first
adsorbed onto the aluminium salt followed by the adsorption of the immunostimulant 3D-MPL

onto the same ipj [ oc first.inyolv. S ion of, ..
30-MPL by sorfuaon e A e O e AT Yty
rim. The antigelTB40pitesRP s CafeINsbaeistd an/NRi SH?I8 0 BRRMECRRAS dPF ORI pesielre
under agitationsfidies IDMPhotushensms isrithed) agieechinithaadsesheteantigenecatic themune
formulation is ingyRARAAIJARDREPIIRRGAIE S BAUFoHICk e Kot 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
immunostimula@reouse afmietaliicrsakigeaiticlenfeitdive dbihthéneatgorpiionoopteeaintigertanta

another metallipalionytisleifaliavseshbydbg aiina 9t fasdiscrsie Rimlinparisies tadgsm
vaccine. The agrL%Y%QFI tfo S isn the.pre ,%nt “Nention rrlac\tg b% an If?dkuvtant (iom osition
comprising an Immunostimu anfgfdéd?bé o) tt8 LRSI IR CY %5’ & afgy FracRlslalos the
that the metalliB3gnt e exeesdsmantial ipdreferefadvaatagadiarete. irostaterniiiea vacdieatbatrie
provided by thespgsensingensiainandr@rereRavacipiiand indSpsdhe BRRNsNosBLRAdsins of
adsorbed onto ﬁgg@iﬁ&%gi 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 20Accordingly, the present invention provides an adjuvant formulation
comprising uniAoredistitival anhuritcespassece niermiedr be dronmranpatéisgiersk aineials sghiicant
characterised i fop ially, f igen. is adjuyant
OURIATRE RN REHBRATIBLY rosL BRARRL JaIPay hcibca g

formulatign can be an intermediate whic such an'adjuvantis’used, IS requi

manufactife of PURSEINS FWHUirRIRIaHIOR: 18 BralRNsE Shaisases Tndgle ifaistaneardnet ob
a vaccine _compx&;h@aﬁ;l risidefinesh mmmntm_mmbimsmhmmm widrearrier inoculated
Immunostimulants 2Aseregst A6, %ﬁ}ﬁ,t@b%a%‘é%wfk@@/é%ﬁg@ﬁ_ ieirskbonthe 2atesh Aas

been pm-adsorp]eg onto a metallic salt, Said metallic salt may be |dgn ical or similar to the
metallic salt wﬁlc%qgggd'&?fjgé Briestanss i camae . b lsinat gsiedriearedn leeppean
aluminium saltobserusd rhede PlmaasiLoh athiessh 4686012086G0%NT7 DY oxides. D peepsase if

inventionZuirthepauieanitioais AR PRIBSFHIAR FRTRERIGR MR EYNARLRIRALRAS
onto a first pacr;g%edigg a J%etglpggalg a.nqI arE%Tn%dsort;eg c% to a ﬂnoetalllc0 s%%bc ar(‘)acterlsoed
in that first and second particles SPRTETLNIR Rediferinl cumip t%%egﬁfc 8. Rdy ©0%. 70% or 90%
2007/113222PCaNPPsRiopiaseasasis psayy ioOssthede shated erampiafions or lipid A derivatives
described herein are designed to be less toxic (e.g. 30-MPL) than native lipopolysaccharides

and are interc q ents with respect to any use hese moieties describe
herein. In one@e%rg%%g%eé% #?é?é{ ,gu'\?;éﬁ’tdt?é‘e'c‘ﬁ%‘r"%ﬂ%°8‘3(‘rﬁ&5%#%‘ ?ﬁrg? vqéﬁrfloﬁl c%#‘”ﬁﬁ@%s
a liposont8 caRieiin herRik) KeRARIP . CPitfqlRadMPish. SerbsEblofiFiokE sEenSaendidiepyre well
phosphatidyl cdm&el_a/iéﬂ)&?\ﬂ‘d_kraad aptiosally 3 .pidrthang éhﬁﬁm@%&lﬂﬁﬂigﬁﬁpmmh
carriers may \ - -S . nd/or saponins (suc
oo 0551 so0 e Th o etk ot AR SRR RIS R e
0.1-10mg, o.z%?ﬁ‘.@-s?fe?&fﬁ?%'?/%).%‘i%ﬁﬁa & a8t 286> 079raue, 0% Frleari o spriwpITigor
instance DOP&RI0)021A- 3. 6/s0.§6H LihsBroxbbewee 3.-8uB;usredd 85epid&rmidjsie.g. 0.2-0.3,
0.1-0.1530,25 or 0.125 mg) sterol (for instance cholesterol), 5-60, 10-50, or 20-30 g (e.g.
5-15, 40-50, 1 0, 40 or 50 1.tq) lipid A derivative (for instance 3DMPL), and 5-60, .
10-50, or 20-3?)“%'9’?3‘“’6? 591%'7‘551%‘!1?8%&’56?%?%68%6%8?' 8?)8th31'§( v caeRsiss ),
In one embodPHéY @8 Rsy Anent & Felvsrechafidp sindnener thie.irtbeastion tampfidus apedl in
water emulsioproteae from a metabolisable oil (such as squalene), an emulsifier

Vaccines
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(such as Tween 80) and optionally a tocol (such as alpha tocopherol). In one embodiment 20
the adjuvant comprises (per 0.5 rnL dose) 0.5-15, 1-13, 2-11, 4-8, or 5-6ing (e.g. 2-3, 5-6, or
10-11 mg) metdWOREEHEHE (such as squalene), 0,1-10, 0.3-8, 0,6-6, 0.9-5 GAUEPPOFIS3A5G
(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) loco! (such as alpha tocopherol). 25This adjuvant
may optionally further com rise 5-60, 10-50, or 20-30 mg (e.g. 5-15, 40-50, 10, 20, 30, 40 or
50 mg) lipid A dBriAtREY mﬁ%'ta%e"ﬁﬁuﬂﬂgﬁ'}'%ﬁ?@%? \‘?egnf’?ngﬁ dBY&Fﬁ'&ﬂy'ﬁo’ﬁ’ié?ﬂ with
0.025-2.5, 0.05PI2Mags ey 8cepatad!s extirierhsing ardigagyevih emaéllgfaotﬂoch@ VacriHe.
0,125 mg) steral (for instance choiesterol), 5-60, 30 10-50, or 20-30 mg (e.g. 5-15, 40-50, 10,
20, 30, 40 or 50 MJPAERENIIR RIRRETHIMRISiaER3bR rivEnter Baé@u@dyswhm et drigr
(e.g. 5-15, 40-58eli0, £20el@6xly! fopubdd g sakorfon (fax Insmmmﬁlﬁ@mamw&meﬁléladjuvants
122PCTIEP200RIGGA0aIn SRS CERSTIR WG AINATISED [ W AmIRT RS AL G

invention comprises alumlnlum phosphate and a lipid A derivativé (such as 3D-MPL). This
adjuvant may cSHTprR [ 38 R © %‘85&91663}‘30*”25(?%6@38&%6'9!5@ dﬁaﬂpﬁﬁ‘ﬁ"uﬂfﬂﬂlﬁh
phosphate, andife6@F 10a30bera20i8®ubl¢esgsppddon @b acl@ie@OyBBjnt) or 50yaigdipidgArs,
derivative (for ipsianesiBE-MiBhicaliPacrRatiee IeParaLos %I%ﬁdéiﬂﬁfz‘@ﬁé@Ve”tmn may be
used to pr%tect or treat a 10 mammal susceptible to infection, by means of administering said
vaccine via systemic or mucosa! route. These administrations may include injection via the

intramuscular, higRfatsddhptifeaiiyyanl be selbelathinderis porfaseniés idusricsallH1 type of
administration i@sﬁaﬁwallsutmm"ga%vé@Brrmrm@eeyt@tuHéwyrwaetsawetraﬂﬁsmaammat@ﬁlon

of vaccines for G e Ak ueHtenie o allis eda R BT RISl RUdRS NeRORIAVAGE)
carriage of pneumococm can ore effecti y prevente Jhttenua ng In e
earliest stage) t%ﬁﬁ@t@?‘ih@'@/ﬁ@&ﬁ@’bﬁﬁé’ﬂ%ﬂmmﬁ'ﬂﬂWB@MW% a single dose,
componends thereof may also be co-administered together at the same time or at different

times (for instafge ROGIYBASICERY Xsﬂ%t‘@@qo af.ﬂﬂy&'%@g @ny'ﬁa?fsﬁéﬁ@raﬁ?'ye? “lﬁ

same time or 1-2 weeks after the administration rotein component o

vaccine for opff?ﬂ'é{ldé‘@bmmﬂmﬂ?r&@fh@mﬁrﬁ%sPé’é‘ﬁ%l’fgé@v!ﬁtH%f?@et?8 BS'BH BREPIRRIHY
co-administratithi, theprgiborieaniipl Erdiuvidovenery hdspotieerbivenynotaibofstter diféetenities of

administrationg, {Q REAMRInd! S A PERERSEN MR EBH AR LS BRASHAMBHEH and

component oft vaccme In addition to a single route of administration, 2 different routes of

administrdtion WEPHE( N@éﬂ"aﬁﬁrgﬁaﬁfﬁgogﬂl%a%&hémﬁ& Fht\Apd Lt seiisedtigrant o)

and bacterial mfofginghaking becarititniseare dol Niftaré¢bY). flmciddéioprofrestieac difmsuell tReview of
invention maymnaﬂaagystwwd\/if@; PrimEgoAReSTANGHY fREhReratendoses ol amAUAL of

conjugate an in each vaccine dose is selected as an_amount which 30 induces an
|mmunoprotecgﬁ?glf"étglﬂoﬂfsg"ﬁllmgﬂt & e Y IAiRRs By STdéranhocies; o BiBar HIARes &eRh
amount will vadiredéip asstinigteg eithithicihdpéaifiof I'ﬁlmtypegammeremyeeisanel rd\pritdigced by

prelrsente%b G;n%&ﬁysﬁbmnne@e%tbéﬁt%?hm%% iy é%ﬁ&a%s%@@t@ﬁ’ wﬁdh the secretlton
polysaccharide or or accharige co ales.
o0 200y1 1325300 o o0 A AR S, A B S o damgegly T
typically be in ¢RpeasRyindudeOignereergrul IBid 26pna Hetivstivegtiardaitisdnesioiifiaidipid A in
subjects may greehp one aegevesal bﬁﬁ&ﬁéélmszmll@ﬁgﬂ)ibeqlﬁfﬁ&llﬁﬂﬁce@dﬂ@ﬁtﬂ%ed
preparatlon IS f Sl subunit a roa

(eds Powell M ﬁ@l@%ﬁ?ﬁrﬁ V&iﬁl@g CS&E"Z[{J Te r%< g%ca su |on |t?1|
liposome¥is FOERIRRIPH I MRS HS%‘SFM%MPZS‘%W %mm&a&H@mmr\pw
invention mayAhdogeihed wiits elthigommalyaphitizeslt @pticstaiyetbiisdlutiophiss pretdh dizeldrnmtine
presence of arﬁ)a&ﬁmm a8 SHGHARelrehaloss. ah 'e&éﬂ%ﬁuﬁa&m{g%ﬁﬁa&m&a{d%a Naehglléed

and extemporan Qus (iﬁgstltuted g&Lorlt? uste LtZOJJ il IIZIII’] fy result mfg motredsta
composition (Vgcgngsiy same particulate - structlres, allowing for more efficient delivery of

antigenic and immunostimulatory signals. Studies have shown that 3D-MPL is able to
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Methods The invention also encompasses method of making the immunogenic compositions
and vaccines of the invention. 20In an embodiment, the process of the invention, is a method
to make a vaccih ¥8ipstthg the steps of mixing antigens to make the imRitHBRFEATQS3057
composition of the invention and adding a pharmaceutically acceptable excipient. Methods of
treatment 25 The invention also encompasses method of treatment or staphylococcal

infection particyarly aspita! Aeiredoseapyialinfections, This mungenic composiion or
vaccine of the invention Is particularly advantageous 030 tidein RASES of elechive surgery.
Such patients WP RRolPiR8d4icEdt e84 B# advance and could be inoculated in advance.
Since it is not know whether the patient will be exposed to S. aureus or S. epidennidis
infection, it is piferithiadI0GUIRIR MHBANAGHIS QRS D Yea PiGE aga '
as described above. Typical?y aduﬁs ovér 16 awa%?r{l& ?e(?t\lf\ﬁé}]& sb(éﬁ%ﬁ %P?@ j rlgate%q %ﬁ%ﬁ‘g‘t‘n

' . . . e . .
immunogefic A fioREUFHRUK R ecopPingieT %222@@%@%@6?1@5@0@7’ tie WO
invention. AlterB&60&5a chitdeeriesg et B:tbGenivaitongpesiictivavherg ethe a@State dyuatitiibe with

immunogenic capRagsiiPas Aduassipenef tapsiention seerspisaineslale REAlRRAE
workers with the v?ccméﬂ th mvrgntl(ﬁa. S The vaccine preparations of the present invention
) SPotagt B teata thar

Jf PSORRBRI SRR 4RI, BYHRIAAS BPsiRaAittdiing

may be used to pro
said vaccine vié%y5#éficlbontuesbarimant tMth sseundasinic catonsitiomyaddil ooklngeciivises
thde iUtfait”“:ﬁcubﬁbgm&%m&f?ﬁéﬁbei'@i@d?ﬂ%ﬁ?ﬁ@ﬁﬁ’&ﬂ?&%%dﬂ%ﬁ?é%{g‘dﬁﬁﬁW&t@f@#ulsion
administration ral/a pirgtor nitoyrinary tracts. The amount o

antigen in eacr%%/gc%ﬁgﬂgégewg@ggéﬁ%@s agrg%%%ia %é)th&r&%‘nééﬂE:aé@% ﬂﬁﬁﬂﬂ%ﬁqgfe@cﬁ\yg
response withdl¥ ¥gamicaAfdadiiiee sitnmunepesiptypicapiaansrieatiossch(MROAAETHT vary

depending upoW@dBs07SpRGIficARYPrETORaAtkiSRINRIeYEd TR RAPLIsEIR BFESENiBR fHhese in

protein contentof ﬁpé'sé(rﬂ‘iﬁ?éﬁt%’ﬁ” typically be in the range 1 -100pg, 5- 50eq, typically in the
range 10- 25eg. An optimal amount for a particular vaccine can be ascertained by standard

studies in%lving observation of appropriate immune responses in subjects. Following an
initial vaccinatiBartisulaje etjuvemysr acei v en a cléSey erainb aesigbip nlnigasiossiaden Uiatelyter
spaced. 20 Altgpiugh,HewacriDss bibe Brg%ﬁ%ﬂtdivﬁ?ﬁi LAY ?Ee%@[%@é??%eﬂn&h’sﬁ%ﬁ‘ﬁ%e'
administration of the described vaccines into the skin (ID) forms one embodiment ot the
receptor 3 agonist, Toll like receptor 4 agonist, Toll like receptor 7 agonist, Toll like
receptor 8 agonist and Toll like receptor 9 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 W002/09746.
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 W0O2004/014417. 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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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
25dermis, whicH th2fdf #9&rlays the subcutaneous tissue. Researchers haReTSHEMN SRS
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 Withhthoen vace iggs descﬂ(de 'ﬁerein fog[ns n %ﬁti nal featlllr(la of tQt% rprgsept
invention. 30 Tﬁegconvenhoha??ecanmq@eu?)?sl%'i?gl" Srhali Jeacﬁbn?r}hg' 'manfoux pr(')%ues arr\e.?r

comprises stepeBioilatigiindgherecskidy bintianeretaretaiieyanittisomenatah@aliriel opmpinrtioevéihof
a narrow gaugemgestediiasl gaugeprtasing Upayandsdbievare e ToNsprte eeaé@oran@eifin

between 10-15 f the e is inser the, barrel of the needle is W

200711132223%@@%3‘7%%@% oﬁgi}% éﬁ‘i’fr‘}lﬁ?ﬁ%%a Ve %_h?fs?ﬁ% \‘/’uﬂ ﬁid%apsi%%‘{'a’
pressure tO ele®atd it dHadviher Skafermestiiulite iadiHEN | Etast GREMHrSRRNCLIRE MBBRP fFivNAN S
blet_> or bump oﬁmthet@;iabsuefaisg, failcpmidw}y_' shewcm_r'rtbiﬂaﬁwl pfe_lfeeablyeﬂﬁetandoaemlmynn
devices that argspegificalby Fsamﬁﬁéﬁ’dﬁ;?@mtm@_'% gé%%gdﬁk‘? 85&%9%365?8 %Pﬂa*illﬁr\@

been described, for example the devices described in 850 and EP 1092444, also
the jet injectior BEVRRSIYalR, QloRsIHERHdI O shRs iR 1ed §9PPINIeNs S8MRTEe FSaPRag 402,
US 5,334,144, 1ag8i&0R522) &8 & BAJii2ce 5454018 %uctB5as mMordophds fHSB |B8BABAMitsLES

50 0 M5 RS e 5 e VS EMATNE BE HiUp

5,520, 639, US 4,596,556, US 4,790,824 US 4,941,880, U
WO 97/13537.rﬁ?F@?ﬁ%%?)%%f?Hé%S%‘?WH%@JH‘P?&F%Pé%PéBB?{eof the vaccine preparations
may include conventional syringes and needles, or devices designed for ballistic delivery of

30"C||_ Vg‘tJCiPheS Mfl@ﬂ%?ﬁ&ébﬁg@rfgﬁt%ﬁ%;m@ dieIRasIA o %ﬂ‘ﬂﬂﬂ%%m%/@ﬂ@@?@@f
applied to tne K (0] e sKin ransaderm I Nnsc ;
WO 98/28037)3%?1@3\“%3%5%8%’8%?ﬂ@pﬁ'rsé%a&nﬁi'r“ﬁ\%n%&rﬁgr‘g{t) Q%@lﬁ%?gg’e%%%@%n

or more specifffafl M- tireadaterswitheolas aeiess HEDIOVP 89 dRMBIknhprapreieras ) adiwanine
of between abeyitén@s soinprisk Oa2dathbA fidne st BB et antigensaiy tae G dligiiteretigebs

vaccines of th%ég&ﬁ,%gti}{wgeg% Qénsﬂlgq?r to conventional doses as found in
' e abovg??él

intramuscular vaccines (se owever, 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 oiptenaiipqiiesanttie aguzntitle Pl Gk tock G TRYANQHYd) frétefa5g NCEFPRS;

and the pRIysacihasls (pRY DAl a0l SaRALAD YA AAHBR PHGRCR| 4P MG dBIRALA S

ug, and optionrﬁll¥ between 0.01 to 0.5 gg of&olysacchari e per dose. As used herein,
term "intradermar GaHFEMORRAR AR 5 WMBEine to the region 30 of the dermis in the

skin. However, the vaccine will not necessarily he located exclusively in the derrris. The

dermis is the Igyer iytheiskidigate dohrteRRbsANPIitCRRIRARA N thmmdrRI dhe shkage in

human skin, bUtJhge?siEBﬁe ai Iamount of v; iatit:lg betw eg individuals and in different
parts of the bddly. n gereral, it €an be axpected & 2R HhRAERRROYD0iftgCT B RTISLIRA
the surfaée of #8aeCElng. tPHEeimettieds dirsinest e GR En2B 233 shrabiemicaietiia amixues of 3-
gglgflrrlnllz 2azt Ztide@yréwé\?ﬁ@%y ﬂh@gﬁﬂb@ﬂé@i@ﬁ%iﬁﬁ)@?ﬁ%@'%}vs%lz_:yl\é\(@ ﬁhains. Preferably in the
Qmﬁgﬁ epending,on the made li ..the vacgine, may.
ultimately be Io§a e solelycj]f gﬁ% irr%%%r? J%ﬁ%fﬁr}ﬁg Z Ie‘r)ranrf'sc, eo:rgjl rr@:glxd iLr‘ﬁggaél:Iy gnoﬁgfﬁ%ﬁtgd)
within the epidg}ﬁhg%g PREI¢le §iFr 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}-a-D-
35  glucopyranosyldihydrogenphosphate), (WO 95/14026)
45



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 WQaéAti2heed thereof. 10A further embodiment of the inVERMIBAYE/A58%E of
theunogenic 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.es andior S.
15spider/Y*11s and other staphylococcal strains capable of causing infection in a mamrnalina,
optionally humaAMhé8f DPri3s18rs-EdmbirdaeenaympnisdessiYEsHptidesotierem R (R)-
intended by thednweninettadeepplipnaiycidantitu@mbia, with e ierdnsseopsisingtef, cqnaisor
and "consists 0 | ' ery instance. All references or patent applications cited
within this pateﬁ?iﬁiélﬁgaggg? g’roeml)?c\:‘orporated by reference herein. 25In order that this
invention mfay be better understood, the following examples are set forth. These examples are
for purposes of disteatioP-aoHPHrabqrerpad-[(Rh edodnzinogdgeiiaiticimiharacope-otdiseaza-9-

invention in ananggro%%rgggg@%ﬁ&&ﬁﬁ_21%4&319?30ﬂh@%%éﬂt?p%@@mg'e 4

Construction of Plasinid to ress Récombinant pnateins A: Cloning. SAppropriate restﬁf:(t?(-)n
sites engineeredMFIGoARERONRLIGRIATL for the staphylococcal gene permitted
directional cloning al the PCR product into the Ecoll expression plasmid pET24d or pC/E-30

such that yproigiReFeuith g YR FREAhS l?eﬁ:@@%r@@}&i'bﬁﬂi&&%iﬂiﬂﬂé‘pﬂ‘l&?@a@?i_m%Ps) such
a

08k hetted RPN R SBORY s s IR RN Y s

50CCAAGCT1deATFeeTdh T CHNa e ticdly acceptable salts of AGPs as disclosed in

EbpS51-CGCG38764648 CEbrheRlERL N AR IbbAiM, GATSanseadle PHIGAAGRRIE. Both are

ATGGAATAAQﬁ;o'ﬁglhIt(%J Beieful as adjuvants.

15
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 Quil 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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15 CifA5-CGCGGA1CCAGTGAAAATAGIGTFACGCAATC-31and
53CCCAAGC1111ACTCTGGAATIGGTTCAATTTC-3' Fn
0pA6-CGCG{3ATTERERBAAACAACTISCAACTAACGA and PCTEP2001058057
5CCCAAGCTITTAIGGITTGTGATTC3 CAAAC31
Sbi5t-CGCGGATCCAACACGCAACAAACTTC-3'and 20

5'GGAACTGC%JJ&TK;%E%%&E&%}%@%&EF&@'gf' a liposome, ISCOM or an oil in water

SdrC5-00000ATCCGC G-3'an
57CCCAAGCTRMYSIRBITICTTCTI-CGTAGTACC-3
SArG5LCGCGGATCCGAGGAGAATTCAGTACAAG3'and 5°CCCAAGCIll |

ATTCGTCATC 3 | ARG
5CWAGTA Tcﬁ%ﬁéﬁ%ﬁ%@%ﬁ@% it & rbrdobPhord i toroBiied

Aaa51-GCGCCRE ATEE @ BRRE GFFIaHXG: REHNENTRe compigation of QS21 and 3D-MPL as
51GCGCGCTOOiBalcaT GGWIGAHIGEA PABCTAGRadogenic composition where the QS21 is

A CCACTCO AN AT O AGEACCT AR ooras: (Sl o Sl
EWASF-GOAC R AR N AR RO B IS SR AR AR (e in water

AGATTGACTARTIFSN AntgRearAbed in WO 95/17210. In one embodiment the immunogenic
glucosamiradassimpedifién HddioAdiKs kb isAé e afonia MBRA mATEeAE2431 and
5-CAGICTCGAG1 | t tACAGCTGITGGTTG-3' WO 20071113222PCDTP2007/053057
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
156  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 W0O95/26204.

25 Examples of preferred oligonucleotides have the following sequences. The sequences
preferably contain phosphorothioate modified internuclectide 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 OLIGO4 (SEQID NO:4): TCG TCG 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): TCG ACG 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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Autolysin amidase - 51-AGCTCATATGGCTTATACTGTTACTAAACC-3' and
51GCGCCICGAGTTTATATTGTGGGATGICG-3

IsdA51-CAAGTEEBAHIEEE AACAGAMGCTACGMCGCAAC 3'and PCT/EP2007/053057
51ACCAGTCTCGAGTAATTCTTTAGCTTTAGAGCTTG-3'
ISdB-5'-TATTCTCGAGGCTTTGAGTGTGTCCATCATTTG-3and

GAAGCCATG TG AA TGG-3! . , :
|v|RP115"-GAT&&%%’%%‘%@&%E@&@@‘?@A%@S@%&%‘53'%%”30" may be synthesized by any
5'AGGIGTCTCORPAGKneWT T e cori clfer Tesemplen 95C R rH8RRAY werEHranishbausEen
;nto the pGEM-dligionuep it avafN@vageesizsingisonldh batiedaidslithedtzording to the
manufacturer's instructions. This intermediate construct was made to facilitate further cloning
into an expression vector. Transforrnants containing the DNA insert were selected by =~
restriction ehzy i AHLKASTRY RGB! RRLRBATYIS9B,51 BRY ﬁB?’Bf'?ﬁ@?é’gdﬂdY?Wﬁgéﬂ%{ﬂ/"z@d
by agarose gel @letirapibroreitis dtbefCidjMasigardse inilapheseack thte eFDIFRN TSXES huffefgraDIMA
fragments werexjshalized-huddfiddsminatian allanas!#iacuan ez iRasCHNIRIWa RAMAR
staining. A DNA mol cuhzr%hza, standard (1 Ié%Jad(ﬂer, Life TechnQEI)Pgléz{s)Fwast ¢ b
electrophorese Fn?lira 3 G R s 3 SR G F v a1 G R M als i ‘128 %{F}ﬁ% y
DNA fragmentgneteisiisio’p (Pifitan dio ilstele Medisafointgnarfor W hSsoengy Wwedramn 25"
Eeqﬁentialm Simm(ﬁﬂ?lﬁnﬁlﬁé?ﬂ @%%@%%H&fgiimmmﬂW%ﬁ@ﬁﬁéﬁ@@_i}pmﬂd _igd
y the manufacturer echnologies). The digeste agment was then purified using
silica gel-baseci1 %{;’3%1)(%(% ﬁtrr%enréa% |8Pltg(aﬂ|§g'3t?8ﬁa\/gv|§r?f gmpqﬁiﬁafi%’oreg%}é% a&%?r%’idﬁt?f‘oﬁ?ﬁg Y
Ebh (H2 fragm@R#) SRR, 3521 A0TaMEN Frusendt yageiasle, alg-gRwsBealififls MRPISOIBaMA 48
carried out usingvéntiapEdnddehpl asioid aaeheleniay ehvailsbieSsike sl as INEIPRESRIréat-biers.
alpha 25toxin e i ut usjn = I id,,13: ' :
A0l evers £apipslgut us) %&Q%&%&iﬁ@@iﬁ%&%@@@%&%@ﬁ is an

expression vector. To prepare the expression plasmid’ pE . --30 for ligation, it was
similarly digestdeFREERgME TSIt SRR GuaRtited i SRaUmIv AlnatgifoRisaigrytiend
30 molar excgsis Meidigwegdina_gnnqms bmth@ilpaepamWeodoiswamumso prasgmraadihéor
ligation reactiofs&\istandaragdhP! 8gateR: RS AR EbHSG bR Bil Y Fhul SR ehE &IOS WY an

known in the art, was performed using T4 DNA ligase é-Z,O units / regction, Life
Technologies).Re3fg@ES Bt RsuBRsisL e RNk ndero i NFTERIRRY 886 19).

BT21::DE3 electro-competent cells according to methods well known in the art Following 35a

-220-37?%%%%%.@9?@@#@%iarléla%mfehéﬁehrmtﬁ}u :éﬁnuﬁert{y%ej&%lﬁéﬂ(sﬁo\?@ 271 B,
) e n agar, es contajnin mpjiciin (L pga/m
odlor amam o RE e 8 SR AT ForaTe Greadh st ST PAISE U (Rt B Rac
overnight at 37fdsions kbths invetitaiuaba pRRfaniRiedonideswives HickBD\VWER g7drid, in that
Eothgickhs athhﬁqsacsk'ﬁaégmérm&ﬁé@ﬁgeéhté%m&ﬂﬁep%mm@ @S_rﬁ{ﬁitiﬁé gn%@u@kiﬁﬁﬁ b/
an broth culture th the patc ates and.the prot ulture were incubated overnight, at
3G in either o S ETTiR DA, (LGS Br AeielRing MRl R BBt L
analysis ®as efApieipatPtowikrigpether tedntsfdamaihe ebmiaprafiae piNgisier. Hepmnse of ol
m! overnight LBnAmisaviiiet el b eissashicansimensh i0ith thé totopaly kaeyiiteentibie, 3nchthe

cells collected fy ﬁ%mggﬂ%aqtjﬁgiw?%&ﬁpgmgemicrocentrifuge (-3 min., room 10
pe

temperature, -12,000 X g), The cell et was suspended in -200p1 of sterile water and a
-10p1 aliquot used to program a -50p1 final volume PCR reaction containing both forward and
reverse amplifiditiorwptémensiisidre adjtiedr8s Getl ermalvavatiore stepogasen doebs eddul amaujiteanto
ensure thgymadsHsssuianr QEHe @@thﬂ%}?eﬁé‘wﬂﬁ?ﬁéﬁ’&%ﬂdﬁdﬂ!%mﬂ@@rﬁul@iﬁr@%ﬁd\/lﬂﬁ&'
9700 thermal GGy 209 & 3Rt R e eSS BRI SR gt Rreliewo 9517210, 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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15 Is. 95C, 45sec; 55-58C, 45sec, 72'C, 1 min., were used to amplify the BASB203 fragment
from the lysed transformant samples. Following thermal amplification, a -20p1 aliquot of the
reaction was aNHRAed B§2&arose gel electrophoresis (0.8 (14 agarose in BCT/EP2007/053057
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 20
ladder, Life Technologies) was electrophoresed in parall |th t.sa Ies as used
to estimate the S|zsef 0 g%\éaﬁ ;groopuc Icu(?rans 6’rrﬁna°r?[§%rél¥ uc@:S \ g] gxp yﬁ g
PCR product \A@'@R@I%Fﬁﬁfe‘?f Hhe sRsed Buetiating a protein expressmn construct. Expression
plasmld containing strains were then analyzed for the Inducible expression of recombinant

protein. C: Expmst;l Sg&/ ﬁgl%:&lo @/ﬁm séqqm&gttsfreaérﬁlgg%ﬁhghthe overr%g

seed culture (-1.0 m Wa ocu ated Into erlenmeyer |n|ng

Ap/Kan bréth RUSEE R AT Y FRN AR ek tere sechih Fariesere! culture turbidity
reached C.D.68(effeflddd, dilkernuididodppkfass|(uskialyatdreuiu3d ). CompBéwa raptaholizislidimen-

approximately g/ Qﬁlt%&v'&%@&%l%r%g%%dﬂ%ﬁérﬁlf‘%f%%%&& §G81‘?%@ %ﬁén{oﬂ:%ﬁhe%\d nd

expressmn of re {ﬁ?ﬁg Inant protein indu he addition of 0 M'stock repare

sterile water, Sh Y Qofmﬁ‘F%m%ﬁ%ﬁ'Bha&f"i%hﬁm}I) ?Hﬁl?BEﬁ?Rﬂll'yo?rbﬁTPFWéef Guﬁfﬁﬁﬁi‘ﬁﬁ
and non-inducédcbsuresaroiftind stkiar(preferddyi chalkste tuiureasi3d BE indlidstiaking. Samples

(-1.0 ml) @b botiningieans aﬂ&me:ﬁﬁdvéépuM%ﬁyeg%ﬁmwﬂ@f%rmﬁ RevgHemesHod
and the cells cellected byt centrlLu ation 61 WOQ,2007/113 22PCT/EP 007/053

microcentrifuge arProonx té'r%{)neera?urg’fgf’”?ﬁf%'f& s vt ﬁﬁ”@@l’}ge?f PQW&@'&EBBH%%“%
-50p1 of sterileSYpitas aRESMIKEENGAR' a9l eipnalaloweddyhoronarisatitn SHIR P AGIgNiIpteit
buffer Cogtainlim@dmeraa%tﬁwml ,sr?MQdmﬁﬁ%daW mgilm%&ﬁégr&a{&d ng%égﬁgméomteﬁﬁswr%
protein. Equa th the cru and the.non-induce

ysates were Io%@%id on g?ﬁuépll é?g%ffﬁe %gyoﬂglhg B%' arg%r(%a{rr'?f’ 8e["($lnﬂ1mm[?1|cY< ‘? i

Novex). TRe |HH&HEEQEQHB"MHQﬁmj{'ﬁw@a@%ﬁ?ﬁﬂ’ém@'él%ﬁft(&ﬁﬁ@?e@é‘dﬁb@fé@ﬁ@ﬁamne
prestained moleaxitaurveigt prssee SdSepBive, owewaxmwsdﬂrrﬁmmﬁtl@rabommmra @shag a

it ol oLiple reRe. Ak 88 AT Al T SRS B SRR 4% 4%,

stained with commassie 10 bril |ant lue R oRad) an talne to visuali

IPTG-inducibl @AY rﬂ%?"%@'ééﬁﬂ?ﬁd’ﬁ@l’\ﬁ%§ fautidienottébecrdari et fraieved. #3
micron pore sizeitiNoegpgrioreriatios abdhEisisinthe MeziRadrvdint-6Tr tieaosiiialdtienguBppanatiis

and Towbin's %H&?&Bh@&?s%&ﬁi@%ﬁf@/&#Uﬁ@(opﬁ‘é&c&'%‘P@&Ur‘?eﬂ“&%t?é@?e and antibody

incubations were Llrme according to methods well known in the art. A monoclonal 15

anti-RGS (H1 5'33 Bd’flatﬁﬂm%lo&y hesat and eaniHishaheidos MhaBagyeyisiGaakd tBhe
HRP ((lieGenRaversusedaonuay ianiothexemnpes sbimpleatel hdiertity safitke recombinant protein.
Visualization of the anti-His antibody reactive pattern was achieved using either an ABT

insoluble substrate qr usin perfil ith the Amersham ECL chemiluminescence system.
20 Example 2: Proddéfi ﬁ%f‘%é&%&gfgﬂlﬁprf Y WaRL/RG StARiF Ol AN XRRIbATAIon are

expressién strfiefesaiplydess NheB (jhRIkFar), ceatainindhe plagenid $picsEr8e)p BBE2AN0EBeferably
?ontamfmg pIa@maanﬁaw%an@@dlagommguleﬁ@f&ahﬁma w@%k%m,ds&%gédﬁt]jaﬂvw@o%bm@ss
or purification o inant proteip, Me rmentation medium used for t

i JS%%@P Lt rPcu'Y'a oF g)l@Trbro {%f feof ¢ %&w?@%?)"

production of recombinaht protein consiate contalnlng
and/or 30 pg/fl" FG‘H“%ﬁP@&WP%ﬁ%YaHU@Eistcﬁeser%é’(ﬂ%ﬁffdh%‘@' terPRiattoPYab oM hshpuld be
(Antifoam 204viSiigntte) .pfefanddicengxp! essio prefdiaelyanorahizantqroiein MBst Gréfsesmiopybre

11-D-ThigoalagiaARsana #eirp REASAKNG LERRRCHE dHMed 1828 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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Production of recombinant proteins wo 2007/113222YCT/EF2007/053057 Under native
conditions IPTG was added at a final concentration of 1mM and the culture was grown for 4
additional hour® rHEéURRAE was then centriluged at 6,000 rpm for 10 minBfe<IERPTHEPE et
was resuspended in phosphate buffer (50mtvl K2HPO4, KH2PO4 pH 7) including a protease
inhibior cocktail. This sample was subjected to French pressure lysis using 1500 bar pressure

(2 runs). After ¢ rlf gation fo 0 min t1 t su efnatant was reser ed f
further purlflcatlorﬁ]ang!?& Was:i,’gtﬁ'ds ‘? dlawe Sam plea%vrgg tﬁlesrcl’k)a §é‘£a§ }’ Ofr

resin (XK 16 clBfth ﬁharma%ﬁa\emmwréﬁh Qﬁa@j’é’ﬁ)‘*@@ﬁ‘éﬁﬁdﬁéﬁthﬂe m%}mqkmmem
KH2PO4 pH 7 ikidetidoadlirgritiee canaple, skeikiumn was washed with Buffer A (0.2M
NaH2PO4 pH?, 0.3M NaCl, 10% glycerol). To elute bound protein, a step gradient ws used
where different propaortions of buffer B (0.2M NaH2PO4 pH7, 0.3M NaCl, 10% glycerol and
200 i SR HER SRS AP AY TRCERO A BRI A A iRy SR e
from 10% to 1CG0%h WAItee/ a8 atiieh, dikuesk feaailisionl&djovidais ivay ¢k eop rafedenes re-poapadrol,
concentrated apihcigveRrhanalst RN KHREAAKRHRAARK 1M NaGloTisyiethod

was sed to purify CIfA, SdrG, IsdA, 1saB, H Atl-glucosamine and alpha toxin. 20 Under
denaturing condtiSria IPPECYALYa AR5 5’??H81"Elﬁﬁ‘éé’f\f?3tﬂ5ﬁ38?tl'ﬁ¥ﬁf‘ﬁ?{ﬂ the iyt qfdke
grown for 4 admtllent@hhnaysadiiher@ﬂvmomwas fheimecenimifugptichale Bt G0atpas tGtSLOr deritetvend

t2h5e peltlet Was Eﬁgwenﬁf&l ighﬁmﬁphaéﬁamﬁ&r @ﬂ!ﬂ?@gﬁﬁ:&ﬁo@ﬂ]ﬂmgé e&é&)bwh{?gg% a
rotease inhi or cocktai iS sam subjec o Frenc s S usin
barppressure (3 F!uns)gctffg}e -éeﬁjﬂﬂga%ﬁ\%)@a'%% @%ﬁﬂggﬁ%‘%ﬁ ﬁgégj"ﬁé‘mﬁ liical
washed with pEispeeiasyi¥elweri@ingdevParel, ThE. sandphewasreerdifutjeausr Besnimeat

15000rpm andyb& pedebmrs resnispatdesss 8) urea, 0.1M NaH2PO4, 0.5M Neel, 0.01M

Tris-Hol pH8 and kept overnight at room temperature. The sample was centrifuged 30 fro 20
minutes at 15000rpm and the supernatant was collected for further purification. The sample
was then 18aded on d™M@-RrefR7ediaspert 1 caslinvantrans imseneosani¢ TR mesHtionagsayrding to

conditioned in fBM|uvefa|o@|b<bmihris|@hlEE’@ﬁmQ;ﬁéfeNa@QQﬂlfaﬂdﬁﬂmsfd8rn/hfteé RRSESASE

f the flowth I t
0. MNal2P O 0 TN O AT T B e ‘“&%ﬁ%f R ar R

35NaCl, 0.01MRRSSSR)e. éf%me%ﬁ%m' '@‘MRT& 'ﬁ@h"’o"@ﬁﬁwgeiswfﬂﬁmmﬂm
WO 2007/1132pafF GT4RFR06TH(V 305" Hicapatial bufiearts(@vhirisey Snlditaki2s muBisia

NaCl, 0.03V! Teigrdtlshl £ bbbl 8OBRRIABAN W NeRyypsEiuted from the column during

washes with buffer D The denatured, recombinant protein could be s ized in a

nd olub
solution devoid of ur&ﬁp'ﬁ% ViR SRS @ Iminisiiahen retarpedintprieraR! él\?é?ésa frglor LPS
successively diavasdeadeieferatiy SOrRLD, IN=2RE4er0.00M Thistkdl, @5E. 1972 bmnpagéhlt M

NaH2PO4, 0.04MbRdA G thrdnde QBN ALBHE AP R0RM d2 R K mﬂMpr&gef

0,15M NacCl, 0,5M afflnl % ‘I;Eea rpethod was used to purify Ebh (H2 fra ment
FribpA, SbI Aﬁo&%ld yieql emulsion (preferably oil in water emulsion) W|II comprise from 2 to

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 sorbitan 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 emulsifiers/surfactants, including caprylic
acid (merck index 10" Edition, entry no. 1739), of which Tricaprylin is particularly
preferred.

50



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 (SdrC) are
shown in Figur8$3WAd142225 Example 3 Preparation of S. aureus CapsuldRE2H6¢hR3de
Conjugates using CDAP Activation and coupling chemistry for native P88 using CDAP: 20
SA08-TT004 Activation and coupling were performed at room temperature under continuous
stirring, 10 mg of nati olysaccharide were dissplved t o% in.a final oncentration. of
.5 25mgiml m 021 RIEF SRS AR, 104 o0 N BT GA0 Boph) BIOA 0 rb s fhgerett o
activation step.3&etifslde 56 terelferebmatiy shalarserqtl othadomulpsionigsphipallevsia esegdiar in
50/50) were adgiedisransallydo deachibemRion e (64PI1B S (B&idsdatint HAfgIutabture,
minutes the pH ' 9.00+1-0 djtion of aOH, NaO {tion takes
about 1 minutelsmﬁéy egﬁl}?lig é?a%ﬁ%se%f%l—f%%%%%%.gg u\f? cé)l %%%@Ir é%ditlla\(i)% qﬂﬁ@%@ﬁg%

minutes, 1% nifgptiatye iMemisoePl Nale)rarbiant detyae comIPReS apprd RS BPINGREI NS
ratio (1.5/1); phhredsiormaciatahypdidsted imaosysliang oHHS. PRdnt3pANTIE GAlLEsApSsRSt

f h ; . lati ) 7/313 P 53 ter th

coupling atep. § 10 8 HtABLEEL Bt QiAblIA HeTaned o 2bo il 0 ded (BHelke
immediately adYSERRFIN0RR-¥56DH THESitioMias RIRfGR30IRIRREYURlET hAatei208H.
regulation. Theprdfeeablyrpogate v0as! phr&iedsu@@aﬂwmﬂﬂhﬁwu ﬁBEl_r. sl vagette detdins the
Sephacry} g40Q6R K Le4k0 ThHedimsdatp was it 3MhEBHEnYSINGH SOV Nataddag

elution fractions were analysed by resorcinol and by pI3CA. Interesting fractions were pooled
and filtered on GZPERTISARIe: Acc?*ﬁ@‘?@sﬁl‘ﬁr@%‘ﬁlﬁf RELRIGLATRATTIRES AR @i sl
1.05 as assess#tidgneeSZinolvi)Orathd tamgapbtddy25ENanipia 4refemsar aige of 3. htar @01,
Capsular Polysaefhasifledi0Ri4aeE2HF NEsEHEE My Sasdpabis aecasidre-bl AdivligRand

coupling chemist rf

Bl s SO e s el

moisture conteRt z
concentréatfon dRIENMg/ml. Before the sizing, the solution of native PS was clarified on 5 f.irn

cut-off filter. 20 A EMtHeSsHlidioh SySI8rROBrauepigssrRaralSpieaMlghhie Bamagenidisslet
cell was replaced Wltm 2 icrofluidics F2&§§P.75@f%m erac]th%g %Iamber as.u%‘ed to req%e

SiZe | ub-micron range. r e. sizes will be in the range
the molecular welgﬂt ana the Viscosl 9 of the BS’I SAtEnLride DAGTE T8 Activation stgpg

to 750 nm, and most preferably from 120-600nm in diameter.
A particularly potent adjuvant formulation (for ultimate combination with AIPO4 in
20  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).

25 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

30 CPGis 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
35 adsorbed onto the same particle are described in EP 0 576 478 B1, EP 0 689 454 B1, and
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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 25by
measuring visc¥sry07H&3312ing was stopped after 70 cycles when the targBE 6ED2PY/GPGp
was reached. Activation and coupling were performed at room temperature under continuous
stirring. 50 mg of sized polysaccharide 3 were diluted to obtain a final PS concentration of

5 mg/m1 30in O At im 375 p.1 of a CDAP solution (100 mg/m21 freshly prepared
in acetonitrile/\/\%\%’%?gé)g\‘}vtgtr&é al?]d & rﬁ%ﬁ&gﬁﬁ'}é ?fe‘%%%'?h%sgr?B‘?SB’r?gzg'@[])%iﬁﬁé{fb‘.”fﬁi@
ratio. After 1 mifalleveddy trergsemtietiodisHImooetinWmbiLaMbkieple e SR aominiyycalt
2007/113222P @R 16p305:4 bt fireEir.Shvinthelespdsion of SiatMie g sodication2VaNalidr

were added (0 gch 6 APRIARIANE RIPINE S 214 Bk Wi dRried aifeAdbiniscip

coupling pH 9.00* e solution was minutes under manual pH regulation.
After the coupliffiSSiBpd SMNCAIUBHRINNGIFERE QREHS YIiPee TRT)PE alrs Rtk 2aftRlieN pGi38-
immediately adMBteslspehdior k- duyidt eor ergLibaitmirbdd ersigiertiandviies flefb datido imintdiested

under manual @#r&%&ﬂ@&am%m%W%Qﬁﬁ%t@?ﬁ%@@dﬁm.a 5pm Minisart filter and
injected on Sephacryl 6400HR (XK26/100), The flow-rate was fixed at 60 ml/h, The elution

fractions were analysed by resorcinol and by protein dosage. Interesting 10fractions were
pooled and filtelreanoth€. eRcass Milti rack@0stihnéard sulitig eofijiegare hasepéiree TEEDaditeof

égiC A E?@rtn@@ éegéﬁtﬂﬂlﬁﬂoEﬂ)fﬁzﬁ’W@U?ﬁé‘E%ﬁkﬂﬂfvg@'ﬁ%%E%Bﬁ%ﬁéé@jqlgé‘tﬁéﬁ%ﬂgnltéf
ctivation and coupling chemistry ysin . S. aureus capsular polysaccharide type
8-TT conjugate'%ﬂ@t%ﬁ‘%gifg{%ﬁ Néﬁﬁj&iﬁ%t e?ﬁ&“%&{ﬂﬁw%ﬁ% Sr?gaﬁ%%%t ?g%]% ant'geer
temperature urkite aaetisumetaligremigeagtcindaiowediby helyrisioorritor dissretelmateticraticdn a
final polysacchgyiggneeneastiralionme 2@t emdsi iwaker pre8ens aivERibM AfaR i iR chiguipimht

o oSN D S RN A AR TR Bl e

7.5 with 1N Naeharastesispririe thaictin metaticassly wrEde nifowebstPiRbfifadoff orihee gRELE)!

S100HR (XK 1B{#0grmbe fleeiaie anapriveedalyofe pidsersi tgdhidiVahbsrt adaidiaselidanaf

size reduction ¥83mmunostimulant 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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30done by sonication of 15 min allowing a sterile filtration on millex filter (0.22 pm). Coupling
Tetanus toxoid was added to 5 to 10 mg of derivatized polysaccharide in 0.2M NaCl and
35the pH was a¥fu2t€H1#323H 5.0 or pH 6.0 by addition of 0.5N MCI. EDACP(HERHESAIA7in
0.1M lIris 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 alter between 30

and 180 minute additiop of 1M Tris-HCL pH 7.5. Prjor to purification on Sephacryl, WO
2047/H3222 Pc@i%ﬁfz?&%/gﬂﬁé“?%ﬂb@ﬁﬁﬁ}%8’c'8'r‘ﬁG{g‘g vaves ez |8ae§sr?ﬁbé1'3 gﬁ/ﬁﬁ%%rt
filter, AlternativéfybeHBsEdafif e was\iPAdifiezn iptve ipnanatesacvidfsnastb preThtechanagatie
was then injectedupralsetp hatarndsB4aabiim xickaflfiese Mimflesvsatavyaadised at 30 ran using
150 rrthl NaCi as elution buffer. The elution pool was selected on the basis of resorcinol and

itSCA profiles (which measure polysaccharide and protein dosage res@E;ectivel ). The

conjugate Was fItERELBIRAMS3 Hie 24bNASHH $A PR RG FETRARITRISK S H)ealM e HAfsRIArisse &
ConjugateCoupifngdRS ¢Adibt (MdA )] kreagetechid\E} tiome audidsphpligidsi)¢ocy/amg ddgoy!
SA08-TTO11 4%58?&?%@@&%"% [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
10 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 pg (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 ng (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg) saponin

15  (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

20 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).

25  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 pg) 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,

30 10-50, or 20-30 ug (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg) lipid A derivative (for
instance 3D-MPL), and 5-60, 10-50, or 20-30 g (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50
ug) saponin (for instance QS21).
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0.5/1 SA08-17015* 180 min 2 4.0 0.25/1 SA08-17017 30 min 3.75 7.5 0,25/1 SA08-17018 50
min 3,75 7,5 0.10/1 10Table 5: ‘coupling done at pH 6,0 The resulting conjugates have the
following chara®eriétitslddwn in Table 6: Table 6 Conjugate In, TT/PS F.PCT/PBIHIIG3057

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 pg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg) lipid A derivative
5  (for instance 3D-MPL).

The vaccine preparations of the present invention may be used to protect or treat a
10  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
16  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
20 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
25  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

30 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 pug
of polysaccharide, typically 0.1-50 pug , 0.1-10pg, 1-10ug or 1-5ug for polysaccharide
conjugates.
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Y. PSFitr. Yield ratio(w/w) (w/w) reic(%) (44) SA08-TTO11 2/1 2.43/1 48 99 SA08-17015 2/1
2.40/1 53 104 SA08-TT017 2/12.41/1 44 107 SA08-17018 2/1

10

15

20

25

30

WO 2007/113222 PCT/EP2007/053057

The content of protein antigens in the vaccine will typically be in the range 1-100ug, 5-
o0ug 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 solutlon 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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2,40/1F42 106 15 S. aumus polysaccharide type 5 was also treated by microlluidization
before derivatization with ADH 20PS derivalization WO 2001113222PeTTEP2007i(P53057
Activation and &dpHHE Bé%performed at room temperature under continud$SSIAY208 mg
of sized polysaccharide are diluted to obtain a final PS concentration of 10 mgirril in water.
Then 440 mg of ADH were added (2.2 mg/mg PS). The solution was adjusted to pH 4.7 with

1N HCI before Ebf %i‘_'\on i400 mg of EDAC (2 mg PS). After 60 min the pH was raised
10 pH 7.5 with S RLEEl Sl R e A e e RS SRg e W RISiTR
(cut-off 10.000 MNEOYNPIRIGEQMRFRINRS RRshvaeieacd s SDBRIRXK 16/100), the conjugate
was clarified using a 5pm Minisart filter. The flow-rate was fixed at 30 ml/h using 0.150 M Naa

as eluton buffe 4 opllG 0 B TEARRASUEH I ShmAIdEria g aplpgechanide

in 0.2M NaCl. The pH 15was adjusted to p ition o N HCI. EDAC was
dissolvedddn 0.1M Tris buffer pH 7.5 and then added over a period of 10 min (1/10 vol each
minute). Accordihg tedtirecpreghitiations sefdttis aereEablar8intive rneagthon wsad siopptdtadtetreat a

between 30 anchd@hmikiep e Q] HYndisd e Lakids g Qa9 RUEHE RO B R mic o
Sephacryl 3400HR, the conjugate was, clarified using a 5urn Minisart filter. The conjugate was
o, i, Ay i

then injected off' Jersahrad PIBAISHAIPEE) e RSN REY i WP AR R
150 rriM Neel dbtesipgiseneakféntratessiuoosuposaneassalees dowalmubesis asinmisédratino tartiok

1.18CA prfilesofwiAiFheMEF SIS PRI A§EhRNIFASANELBIOtein dosage respectively). Then, the
conjugate was filtered on a 0.22 um sterilizing membrane (Millipack 20) at 10 nil/min. 25 Table

7 Conjugate Coupling [PS-Al-1] nm [EDAC]
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

15 s 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.

20
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

25  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.

30
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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time (mg/ml) (ng/m1) (mg/mg PS) SA08-Tro45 65 min 3.83 7.66 0.1 5A08-TT046 45 min 3.75

7.5 0.2 SA08-TT047 30 min 5.0 15.0 0,2 5A08-TT048 120 min
WO 2007/113222 PCT/EP2007/053057

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.

S 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,
10 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

16  (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.
20
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
25 little as 0.1 to 10pg, 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 pug of polysaccharide per dose.

As used herein, the term “intradermal delivery” means delivery of the vaccine to the region
30 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
35  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.coli
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'CCCAAGCTTTTAATTTGTCATTTCTTCTTTTTC-3'

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

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

FnbpA - 5'-CGCGGATCCACACAAACAACTGCAACTAACG-3' and
5CCCAAGCTTTTATGCTTTGTGATTCTTTTTCAAACS

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

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

S5TTTTCTCGAGCATTTTAGATTGACTAAGTTG-3
Autolysin glucosaminidase -~ 5-CAAGTCCCATGGCTGAGACGACACAAGATCAAC-3'

and 5'-CAGTCTCGAGTTITTACAGCTGTTTTTGGTTG-3'
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Example 6 Preparation of S. aureus Capsular Polysaccharide Conjugates using EDAC on
de-0-acetylated S. aureus polysaccharide 8 De-O-acetylation 0,1N NaOH was added to 16 ml
of sized PS (10 WA/ 1&#3%get a final PS concentration of 9 mgiml and a fidI"RNAe9{053057
concentration of 0,1N. After a 10 treatment of | or 2 h at 37C, the PS had a level of
O-acetylation of 35 and 12% (Hestrin dosage) respectively in comparison to the untreated PS.

01N NaOH was et 10 19 ized P, (0 Foiih Sdfast SRaiRRS9poeaization g

9.5 mgirni and a final NaOH concentration of 0.05N. After a treatment of 1 or 2 h at 37T, PS

had a level of O%@%%%BQ%QETJM%WT%E%WQ&aQe) respectively in comparison to
the untreated PBdA The-derivat? dtAGHep WISEIHA 88 GALGATHCEBAEIHFoAGRSUNtreated

PS, 20 Table 9 sQ@cRYHIEGEAGTNET Cre R PriRdAck 198.3 58

5 IsdB = 5-TATTCTCGAGGCTTTGAGTGTGTCCATCATTTG-3' and 5
GAAGCCATGGCAGCAGCTGAAGAAACAGGTGG-3'
MRPII - 5'-GATTACACCATGGTTAAACCTCAAGCGAAA-3’ and

5'AGGTGTCTCGAGTGCGATTGTAGCTTCATT-3'

10 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 ~20ul aliquot of the reaction was analyzed by agarose gel electrophoresis

15 (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

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 pQE-30 plasmid. Cloning of Ebh (H2
fragment), AaA, IsdA, IsdB, HarA, Atl-amidase, Atl-glucosamine, MRPI!, IsaA was carried
out using the pET24d plasmid and cloning of CIfA, SdrC, SdrE, FnbpA, SdrG/Fbe, alpha

25  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
30 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
35 a ~2-3 hour outgrowth period at 37°C in ~1.0 ml of LB broth, transformed cells were
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8,2 TNEtS assay Removal of the 0-acetyl groups resulted in an increased availability of
reactive carbox%grou S. Indeed, the derivatization level of a PS having onlﬁ 12% of

O-acetyl groups "B B34 superior to the one having 76% of 0-acetyl g’FS fﬂ’.m@%‘lfﬁﬂﬁg
was done as shown previously for a untreated PS Table 10 Conjugate 0-acetyl Coupling
CPS-A1-13 [EbAC) level time (mg/ml) (mg/ml) (mg/mg PS)
plated on LB agar plates containing ampicillin (100 pg/ml) and/or kanamycin (30ug/mt).
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.
5  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
10  temperature, ~12,000 X g). The cell pellet was suspended in ~200u! of sterile water and a
~10y! aliquot used to program a ~50ul final volume PCR reaction containing both forward
and reverse amplification primers. The initial 85°C denaturation step was increased to 3
minutes to ensure thermal disruption of the bacterial cells and liberation of plasmid DNA.
An ABI Model 9700 thermal cycler and a 32 cycle, three-step thermal amplification profile,
15  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
20 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 plasmid containing strains were then analyzed for the inducible
expression of recombinant protein.
25
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
30 1.5 -20 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 additionalt
~4 hours at 37 °C with shaking. Samples (~1.0 ml) of both induced and non-induced
35  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
brilliant blue R250 (BioRad) and then destained to visualize novel IPTG-inducible
protein(s) .The second gel was electroblotted onto a PVYDF membrane (0.45 micron pore
size, Novex) for ~2 hrs at 4 °C using a BioRad Mini-Protean Il 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 Hyperfilm 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 100pug/ml Ap and/or 30 pg/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 R-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 Pharmmacia, 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
KH2PO4/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 peliet 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 NaCl,
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 NaH2P04, 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, 0.1MNaH2P04, 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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100 5/408-T1057 2/1 1.78/1 63,0 105.4 SAOS-Tro5a 2/1 2.08/1 46,3 99,6 SA08-TTO5912/1
1.86/1 50.8 99.2 Example 7 Conjugation of dPNAG 5 Activation and coupling of dPNAG:
dPNAG-TT cort{fb#iE41182Phe following conjugates were produced using tHeT4g3P8HEHES7
described herebelow: dPNAG-TT010: ciPNAG-S-GMBS + OTT treated TT-LC-SPDP
CiPNAG-TT011: dPNAG-S-GMBS Diri treated TT-LC-SPOP 15 dPNAG-TT012:

dPNAG-S-GMEs;+ d biffted @w-BRRP AHiMaR2PBAL G S NRE SERR G, gﬁiﬂ%). The
TT-SPDP dPNAG-TT017:DTT treated cIPNAG-SPDP TT-LC-SPDP dPNAG%‘lIrJ' ‘Prléga 4, The

dPNAG-S-GMES P AL S FHErSU RIABEFPISY HBRAMERE WEDY

TT-SPDP 20 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
5 urea, 0.1MNa2P04, 0.01M Tris-HCl, pH7.1, 2M urea, 0.1 M NaH2PO4, 0.01M Tris-HC!,

pH 7.1, 0.5M arginine and 0.002M KH2PO4/K2HPOQ4 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.,

10
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.

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

Activation and coupling chemistry for native PS8 using CDAP:

20
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

25 mg/mlin 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.
30  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/mil 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+/-
35 0.05. The solution is left for one hour under manuat pH regulation.

64



dPNAG 1g of PNAG was dissolved in 5N Ha at a concentration of 20mgirni and was
incubated for 1 hour, It was then neutralized with 5N NaOH. The solution was clarified on a
5pm membrane™hePriA¥ad on Sephacryi 8400HR, Interesting fractions, cBfEEPHRANEHS the
"medium molecular size" (see infection and Immunity, 70: 44334440 (2002)), were pooled and
concentrated prior to de-Nacetyiation treatment, The solution was adjusted at 1M NaOH and

left 24 hours at s AIGLBRAALETIY wifg WQH&W%@JWE@MP%H?WQ added; pH

a
concentration. dPNAG Activation 5'S N @Malelmidob,utyryloxyé .
sultosuccinimid RSB GARteY Fir s BRI TABSM (ecIqHaRE 838 NrE 9P 80 iRAie T 1Yty
incubated during&tualtpie oeguktiype fEtendret i) ubatd phag etaitid nsing reg SLVNNGID44) filecessl

GMBS and by-RALGISNVEER RSP VEH YR BEELR16H) Ofhe ARRRE WY 1E HEHe RS uifg
10mM EDTA, 50.mM NN%% 72 as elution buffer with a flow-rate fixed at 60 ml/h, The elution

l P
pool was séalectgé)mwu on of the optical density (UV2206 nm) and then concentrated on
Vivaspin tubes Bheutigi@CliarsAraicendiked bOreSgdnoVao by 58Capliter«sing Saativivarade

dPNAG and O'B‘ggﬁgléﬁgq"{gé§g}%?2§vmmq_ 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/ml in Na phosphate buffer pH 20 8.0) for 30 minutes. The conjugate was clarified on 5
pm filter and injBwtodsotirgephmi@yleSBA0HRaLTIMAK K6/ M0@) fbripfrifiedseasEiitipmeaasinol
realized iy 200 sl s budshsa 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
jim Sterivex. The final conjugate was tested for polysaccharide 25(hexosarnine dosage) and

protein compoditamplowyrdpaagioh 6AbE ddrdd€ TCiiddthié RSP hRSdecalenjugates using
CDAP on sized polysaccharides

15  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 WFI at an initial concentration of 10 mg/ml. Before the sizing,
the solution of native PS was clarified on 5§ um cut-off filter.

20 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

25 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/mi
30 in 0.2M NaCl.

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

50/50) were added manually to reach the appropriate CDAP/PS (0.75/1) 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
5 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 5pum 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

10  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
15 EDAC

Activation and coupling chemistry using EDAC:

S. aureus capsular polysaccharide type 8-TT conjugate:
20

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
25 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
30  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
35 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-HC| pH 7.5. Prior to purification on Sephacryl
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1020 "Not done an the lot used in the conjugation but estimated on a previous lot by NMR
using the some de-N-acetylation method. Table 13 In.TT/PS ratioETT/PS ratio Yield PS rec

Filtration yield WORPTM#2V.) 49i 186/1 43 99 2/1 2.86/1 99 2/1

10

15

20

PCT/EP2007/053057

S400HR, the conjugate was clarified using a 5um Minisart filter. Alternatively, the
conjugate was clarified by a 5 minute sonication step. The conjugate was then injected on
Sephacryl S400HR (XK16/100). The flow-rate was fixed at 30 ml/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). The conjugate was

filtered on a 0.22 pm sterilizing membrane (Millipack 20) at 10 mi/min.

Table 5
Conjugate Coupling [PS (AH)] [TT (AH)] [reagent EDAC]
time (mg/ml) (mg/ml) (mg/mg PS)
SA08-TT011 40 min 3.58 6.45 05/1
SA08-TTO15* 180 min 2 40 0.25/1
SA08-TTO17 30 min 3.75 75 0.25/1
SA08-TTO18 50 min 3.75 75 0.10/1

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 F""'. Yield
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-TTO18 2/1 2.40/1 42 106

S. aureus polysaccharide type 8 was also treated by microfiuidization before derivatization

with ADH

PS derivatization
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2.29/1 61108 2/1 1.45/1 8197 1/1 0.89/1 82109 5 ciRNAG7SEVP: A 5-fold molar excess
of SPDP (N-Succinimidy1-3-(2-Pyridyldithio) Propionate, MW: 312.4, Pierce) dissolved in
DMSO0 (dimethyl& A&t ¥térck) was added to 100 mg of dPNAG at 5mg/mETERGOYAMONa
phosphate, pH 7.2) and incubated 1 h at room 10 temperature. Before purification on
Sephacryl SIOOHR (XK16/40) the reaction mixture was concentrated to t 6 ml on Amicon
Ultra 10,000 MW?Ot' ce'ntr'fu(gjaﬁion at 3(%80&{)? during 28 min?. Elution was realized.in
phosphate buffef pra" 7 4t & HoW-PEE A B0 9RTY AR R RS e HARIChY 7B at
206 nm) were fO0I8Y RhHAESRAYRRSTRRIES £re AivisA raktein aifial £ seereRtafirnef 10 mg/ml
(centrifugation B 48/60 FPRT AGRARP 2O ARIH)vars ddesiH2:2 Taaftie fRd1dhe sekdigyaradpsted to
(Pierce) dissolvd 4 IS fshesfayrstheoadditoreet KP O e o EohEo(2 HYMT RED AftgmeL)rin
100 mM N& ph8¥pRbtevasHdisedainl it dbawithgtM NaOH to stop the reaction. The mixture was
concentrated on Amicon Ultra (cut-off 10.000 MWCO). Prior to purification on Sephacryl

S200HR (XK16/100), the conjugate was clarified using a 5um Minisart filter. The flow-rate
was fixed at 30 ml/h using 0.150 M NaCl as elution buffer.

10
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 pum sterilizing membrane (Millipack 20) at 10 ml/min.

25 Table?
Conjugate Coupling [PS-AH] ™™ [EDAC)
time (mg/ml) (mg/ml) (mg/mg PS)
SA08-TTO045 65 min 3.83 7.66 0.1
SA08-TTO46 45 min 375 75 02
SA08-TTO047 30 min 5.0 15.0 0.2
SA08-TT048 120 min 5.0 10.0 0.05
SA08-TT049* 50 min 5.0 10.0 | 0.1

* EDAC added in “one time"

Table 8
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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 Rea, 1mM EDTA with a flow-rate fixed at
60 The elution PEbIEE Eefected in function of the optical density (UV=28@&HFR§)¢5/053057
2007/113222 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 usmg LC-SPDP
(Succinimidyl 643(2—pyridyidithig)-propionarnidethexanoate,Pieree)-and-an-ineubation-time-of
60 min. TT-SH|or T8ohjugtd OTT vias aWdRS to| TTFSPDAPDrdTTeLC-SRIMB in p BFFFYieidio
(mg/mg) of 0.7L1. After 2h 10 at roafid@wnperature, thgwaldase of pyetdif%2-thiongw)as
followed by its gharacteristic-absprbance-at-343mm-—The-thiolated protein-was-purified-from
excess DTT by g8 AQBauT04E6D-{10, An2étsham). After 2@f¢entration orbAmicon Ulti®11.0,000
MWCO, proteincontent-was-estimated-by Lowry-dosage—15dPNAG-SPDP TiF-SHot
TT-LC-SH (dPNASATE-OTHOAAd C16) Cdvjpllng was perﬁn&@xﬁd at ropom temperature under
continuous stirfmygand with-anmmitiat-17/PSratig-(w/w) of 2/1—dPNAGand T[T-SH were
mixed in order|to SBRBRTETMZI PS conddibtration dfdoatpanifadhnd a final protein -
concentration of 20 ingimtAfter|30 min; unreacted sulfhydrylgroups were quenched by
addition of 2-Iddo&A8&mhitR48vierck). dPNAG and TT-LE-$H was mixedth order to #Btain a
final PS conceptration of 70 mg/m1 and a final protein concentration of 20 mgymi. After 75
min, unreacted sARRMITERps were &llenched by add¥dn of 2-Iddoal8tarnide (MERK).
25Then the conjugate is clarified using a 5 pm fviinisart filter and injected on Sephacryl
3300HR (XK16/100). Elution was realized in 200 mM NaCl with a flow-rate fixed at 30 milit,

The elution fraEtlo’r.EB W nally g%‘ xoriagrfnénl gggg %'chgaﬁge ?‘aresgnsqusmg

fractions were ere eSU ing Conjug ave
final [T/PS, ratih ?éﬂ% 3t Fiereusde !%a’fﬂfSF BR of APNAG 11.6 mg of DTT

(1, 4- Dlthlgthrer[0|; Boerhlnger Mannheim, MW: 154,24) were added to 16,5 mg of
dPNAG-SPDP2 m temperature, the release of pyridine-21hione was followed
by its characteristic absorbance at 343 run. The thiolated PS was purified from excess DTT by

gel filtration (TeydbtaOh\ T pddedHeniSonmdepiraigad 16860 ®:o19/ml) to target a final PS

concentration of 8 mg/ml and a final NaOH concentration of 0.1N. After a
10 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%
15  (Hestrin dosage) respectively in comparison to the untreated PS.

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

20 Table 9
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5 Arnicon Ultra 10,000 MWCO. dPNAG-SH +1T-SPDP (dPNAG-TT0171

Coupling was

performed at room temperature under continuous stirring and with an initial 10TI/PS ratio
(w/w) of 1,711. WPRRGLESMAand TT-SPDP were mixed in order to obtain a f&3IH#g07/053057
concentration of 7.73 mglail and a final protein concentration of 13.3 mg/mi. After 90 min,
unreacted surfhydryr groups were quenched by addrtron of 2-lodoacetarnide (Merck). Then the

conjugate was
(M161100). Elu
fractions are ar
pooied and filte
of 2.74. 20 Exa

mieart

|(1||||Cu s IU a

tiorCargagwetalized i
alysed by hexos

red on 0.22 prn

mple 8 Formulati

either unadjuvanted oradjuvan

edwith a(]j uva

htive (par (95 nit.. dose)

ephacryl 1583001117

a final TT/PS ratio (wiw)
tes were inoculated
iNg composition: 25
Liposomes; DOPC 1

mg Buffer Na2HPO4 i

Composition of Aﬁﬂ%nm%ahtatrv@@uantrt
mg 30- cholesterol 0,25 mg 3DMPL bung QS21 50 pg KH2PO4 3,124
0.290 mg Buffer SERECT9%2/mg 1 13.1
SA08-TT058 78 5.3
SA08-TT059 58 8.2
* TNBS assay

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-TT056 35 45 min 2.87 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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(100 Oil) WFI g,s. ad 0.5 nil Solvent pH 6.1 1, MIS PC\concentcation = 50 mM Example 9
Animal experiments, Female CD-1 mice, 8 to 10 weeks old, are obtained from Charles River
Laboratories, 5 YWIrig&tdh2kass. For lethality studies, five groups of 9 to 1 PEPRPMIEOHES7
challenged intraperitoneally (i,p,) with serial dilutions of S. aureus grown on CSA plates, The
inocular sizes range from -1010 to 10e CFLUrnouse, Mortality is assessed on a daily basis for
3 days. The 50%-tethal-doses-(LB50s)-is estima*td by-using-a-probit-modetofthe——————

dose-response [reiat@ungijatel he nulthyPoHRSsis of EOIMMARS IedBeis wa. tBSted bffithe Yield
likelihood 10 rgtio test. Sublethal| baeiesewtid) is initiated(wywhallengingagr¢ips of 8 (%30 mice
by the intravenous{N-)-route-with—2-%-106 CFUT;nouse of-by-theteroute-with—2-x-107

CFU/rnouse. Afterdao8uatiobéseparate 2fbups of animdlg@fe bled fromathe tail at spe@cified
times, and the bacteremiatevels-are-estimated-hy-quantitative-ptatejcountsperformed-in

duplicate on tryptiéé@ﬂa‘@ﬁ@ﬁiatgis with@% sheep blood.{Bé&cton Diﬁkir@)ﬁ 15Micrdbmtogy
Systems). Statisticatsignificance is determined with-the-Wetch ificati fthe unpaired |
Stutent's t test. [Ex&Affe TORBmMUNogerdéity of S. aureus®38-17 and dPNAG-TT coffgates
20 Groups of 30" mice were inoculated subcutangously with S.aureys PS8-TT [conjugate at a
saccharide dose oP4B8: ERABP unadjuvaied or ¢ombind@&ith adjuyanPREon days 89#4, 28
and 42. On day 0, the mice received a first saccharide dose including between 0.001 and

0.013ug. The further three immunisations were done wuth a dose of 0.3pg in saline. On day

66 serum was r?ﬁ collggptf% from the mice and each serum sample was tested by ELISA to
0

assess the im %'é"é‘baaﬂﬁgﬂsgg, é?oups of 10 mice were used in the control groups
and these were inoculated with either saline or saline containing adjuvant A. The purified P58
was coatecPat 23R préspHata®afdPAASAline (PBS) on high 30 binding microtitre plates
(Num Maxisorp) overnight at 40 C. The plates were blocked with PBS-BSA 1% for 30 min at

room temperatu%!\éig Ifiitation. The mice antisera were prediluted 1/100 , then further

twofold dilution 3 plates which were incubated at 37C for 1 hour, After
hing, =Ti tibod detected usi . ,

washing 98“”%3 n?oﬁgv\}%% yc\c,)vr%ﬁgaeteesc alerlésw;:])goduced using the approaches described

herebelow:

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-TTO17: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/mi and was
incubated for 1 hour. It was then neutralized with SN 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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VVO 2007/H3222PCTIEP2047105;3051 Jackson ImmunoLaboratories Inc.
percxidase-conjugated affiniPure Goat Anti-Mouse IgG (H+L) (ref: 115-035-003) diluted
1:5000 in PBS-tW# 9 55%%. The detection antibodies were incubated for 36HPHESEFdom
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 temperature. The
reaction was sWppediutitn 5048 Hidjustad the optiaehdensihtwirs read leb 80 stmsreiativarter
550 nal. The r%%%trs Vere ex gesrsoeqd i;[1 midlgo'nt t'{tecgand the GI\QT was Ctal(%%lr?ted for the 30
samples (10 for contro sﬁ.nl'h BRI WHPRRERIRGIT %fgaiyflﬁquwf:%cgnr ﬁbs of 30 rnice
were inoculated subcutaneously with S. aureus dPNAG-TT conjugates (containing dPNAG
which was betyeAd Fstiasbd0% N-acetylated) at a saccharide dose of 0,34g in 200mM
NacCl, eithgr unadjuvanted or combined with 15 adjuvant A. The mice received three

inoc#lations onsdalmss, mﬂpmatl)%irﬁé}ﬂf;@gwﬂﬂoayﬂ?smsmmmle%écgprwﬁaet%igéAcgﬁe
each serum sa as te 0 immune respons in :
Groups of 10 rcrﬁigc&Ev#g}% é@g ?ﬁ%ﬁb &8&%&@@%‘?@ a$:ZWZ%§iﬂv5e?Q n'{,‘gﬂ%ﬂig W B
\L'vigkagjl;van]} MI@OMI&PNA@EIIJ@: (Eﬂlrﬁﬁgqlﬂmﬁ\gs(ﬂgmmgimpm)xﬁth @MB&IEHB@I
.5 ugfrijj), :

microtitre Iatesél %ﬂ%%ﬁ%ﬁﬁ%ﬁ%ﬂgﬁ%ﬂ%'%o@o@?f%%ﬁ%%zg%@%%%§7
The platé§ wel@BMcked AithOPmiL BloR! 197, 3@ msnesittienviauifegivithion . firMerair ddasticd B0
were prediluteghi{19Re BIRAJNHRBI WHeTeMLEiBHIRNRIMEISH BRGR BoitaI RIS ANdbNes Patgd

at room temperature with agitation for 1 hour. After washing, bound murine, antibody was
detected usin@AdREBrERNFRREIED BPMREPIRUBE O QgeWr(ﬁQgﬁfeﬁr%‘ﬁf?ﬁPW@G%Qoo
Anti-Mouse IgRaWi8.) (ref: 115-035-003) diluted 15000 in PBS-BSA 0.2%-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 pl H202 per 10 ml pH 4.5 0.1M citrate buffer for
15 minutdd in $L1lR at room temperature. The reaction was stopped with 50 pi Hel, and the
optical density was read at 490 nrn 10relative to 650 nrn. A GMT was calculate(’ on the
mid-point titer the 30 samples (10 for the controls). Example 11 immunogenicity of PSt-TT

conjugates matldy aivesa s 88eC0Ils FPABRed 6 Eot Ga R38Ny piktarrak

Anti-P58 GMTrqumt femeperature. According to the conditions used the reaction was quenched
after 20-120 min by the addition of cysteine (4 mg/ml in Na phosphate buffer pH

20  8.0) for 30 minutes. The conjugate was clarified on 5 pum 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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Inoculations in miceinoculations in mice SAPS8-TT-04 Specol20706841326 78 WO
20071113222 PattP2007/053057 SAPS1:17-04 Adjuvant A 47405 15577 SAPS8:17-04 Al

PO4 7380 4518V8pe¥H 562°Adjuvant A 50 PCT/EP2007/053057
Conjugate N-acetylation | [dPNAG] | [TT] | PS scale | Coupl.time
level mg/ml | mg/ml (mg) (min)
% .

dPNAG-TT 010 10* 15 15 30 120
dPNAG-TT 011 10* 12 24 20 120
dPNAG-TT 012 10* 175 35 22 80
dPNAG-TT 019 34 5 10 10 20
dPNAG-TT 020 34 2 2 10 20

10

16

20

*Not done on the lot used in the conjugation but estimated on a previous lot by NMR
using the same de-N-acetylation method.

Table 13
Conjugate In.TT/PS ratio | F.TT/PS ratio | Yield PS rec | Filtration yield

(w/w) (w/w) (%) (%)
dPNAG-TTO010 1/1 1.86/1 43 99
dPNAG-TTO11 2/1 2.86/1 56 99
dPNAG-TTO12 2/1 2.29/1 61 108
dPNAG-TTO019 2/1 1.45/1 81 97
dPNAG-TTO020 | 1/1 0.89/1 82 109

dPNAG-SPDP:

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 S5mg/ml in 100 mM Na phosphate, pH 7.2) and incubated 1 h at room
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 min). Elution was realized in phosphate buffer pH 7.4with a flow-rate fixed at 60
ml/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).

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
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 mli/h. The elution pool was selected in function of the optical density (UV=280nm)
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AIPO4 50 Example 12 Ousenophagocytosis assay. 6 The in vitro opsonophagocytosic
killing of Slaureus by human poiymorphonuclear leykocytes (PMNSs) is performed as
described in KW 188323 hfect. Immun. 80; 1358. Human PMNs are prep&reBIeT{053057
heparinized blood by sedimentation in 3% dextran T250. The opsonic reaction mixture (1 ml)
contains - 108 PIviNs in RPNII 1640 medium 10 supplemented with 10% heat-inactivated fetal
calf serum, - 105 ) hrisahtials 5178, 0t B AfiESH GRS S8 IIRCORERRAIRLRKN ot 3000
Hyperimmunized rabbit serum Is used as a positive control, and 0.1 ml of nonimmune rabbit
serum was usd@BIYRS AR source for the 1gG samples. The reaction mixtures are
incubated at 37C, and bacterial samples are transferred at 0, 60, and 120 min into water and

subsequently d{ed ssRspagaN:ARINBlC:SOY RERHPIHRS ARG INCuRNRd ahaTnRiler Bagtesia

count after overnight incubation. Example 13 20 irnmenogenicity of _staPhoncocch proteins in
mice and rabbinrJ%MWﬁQ@'WQPéoﬁﬂWiﬂﬂﬁ"é@%ﬂﬁ-dﬂ?ﬁ‘?@li%ﬁ%ﬂ%‘&%@él BP6teiRe Midrder to

generate hyper- immune sera Mice were immunized three times (days 0, 14 and 28) with 10

ug of each protgingpgligrgriestin Specol. Rabbits were immunized three times (days 0O, 21
and 42) 25with 20 ug of each proteins adjuvanted in Specol. Inmune sera were collected and
evaluated in anti-protein and ant-killed whole cells ELBA. Anti-Protein ELISA: WO
2007/113222PRTN*a2007¢0 8805BPDP or TT-LC-SPDP in a DTT/TT ratio (mg/mg) of 0.7/1. After 2h

10  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.

15 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
20 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/mi
and a final protein concentration of 20 mg/mi. After 75 min, unreacted sulfhydryl groups
were quenched by addition of 2-lodoacetamide (Merck).
25 Then the conjugate is clarified using a 5 pm 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 um Sterivex.

30
The resulting conjugates have a final TT/PS ratio (w/w) of 2,18 (TT-SH) and 2.24 (TT-LC-

SH).

35 Thiolation of dPNAG
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The purified protein was coated at 1 ugiml 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 #MARTIWI#2Agitation. The test samples were then diluted 1/FSTFEAY 1REMSAted
at room temperature for 1 hour with agitation. After washing, bound murine 5 or rabbit
antibody was detected using Jackson ImmunolLaboratories Inc. peroxidaseconjugated
affiniPure Goat ARTdaySsipR (iRl 0amAN s AT viR CaatANEIabhGG,
(H+L) (ref: 11-035-003) diluted 1:5000 in PBS-tween 0.05%, The detection antibodies were
incubated for 306RIMIR I BRifERaftier G FHEGRIEMPPR G Bieveleae e RyiinErartijoneng
OPD (Sigma) +wagfdiaest mer itsOchalrpdtbdsticCabddroanateal O8I fer. fonel Briolated S rwdsepdafikdat
room temperatis, TheLeartion wariaRRedihean it ansias oniGalARRFD gasGRd
at 490 nm relative to 650 nrn, The O.D. for a 171000 dilution of Post Ill was compared to the
O.D. obtairred WTFA 4. BRINER Pre-immune sera, 15Results generated with mice and
rabbit sera are presented in Figure 5. A good seroconversion against each antigen was
observed, Evald@iiag-SHse M rmrgd REBISTSBY was impaired due to the Ig binding activity
of this protein, Anti-killed whole cells E !SA: 20 Killed whole cells (heat or formaldehyde
inactivated) from S. aureus type 5 and 8 or S. eptclermidis strain Hay were coated at 20
pg/m1 in phospiratRinLfesdesames @RSy dermigatin dnieaRTEHeE ST Etdo AGrKtiviaistab)
overnightat 4 Gethrevapenation. 7he plates were blocked with PBS-BSA 1% 30 min at room

¢ t ) o . ' evtral . £ 10i e
Purified Chickom A e T T R b By
incubation for T"A6UR0R JR7tarAISET SRNEMTRACR: BipriainafterRR im wegased midhyAThe
rnicroplate in RB&HEE: 8% fuamchestaytatylitibluton-latddtetaniddriidelzkied 1 hour at room

temperature WHRROKBLR, IR WRSHREBURY DY'IE RFHBRPHIRPURRdN YRR drtedathLsIng

Jackson 30 ImmunoLabor?t ries Inc eroxldase-con[{lﬁ)gted affiniPure Goat Anti-Mouse 190G

(H+L) (ref°115°938 0 fRP e (B G T

NANiRILoR Y& Arslizedu
1:5000 in PBSmleen 0.05%. This detection antibodies were incubated for 30 min. at room

temperature witheagil@ioRactibRs ALPA RSN RREGMRHB At BSorRE (RGN Iteredlifd202
per 10 ml pH 4.5 Q,1M citrate buffer f?_r 15 mirlﬁjt%es in ge dark, at room temperature. The

reaction was sIGSPRY WRIF B69F4-RRF Uistrthe htic AMiaisdi§Xas read at 490 nin relative to
650 nm. It shdbédréssltingedriugaexdmesdina Tevesrafipete)wd 2v4taphylococci will vary
depending 5on culture conditions. Therefore a negative result may reflect the choice of
incorrect gyltu diened@iifaiiaan 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,i rved wit ra directed against 10 SdrC, FnbpA, Ebh, Sbhi and IsaA.
Recognition o?éﬁ%?éucs? S gﬁﬁégisonly observed with the serum directed against Sbi. Weak
recognition of Theepidrigateisveiayinscolsenedtanithagprantire credijagantest WithadjidaseAMRPII,
IsdA, I1saA, Ebhaitg tedoBbiiny setegdsiivoaf results generated using rabbit sera are shown in
figure 7 asd summarized 15 in Table 18. Very good recognition of the three strains was
observed with Czadpesitios dBAAjweal Aecognition of the three stains was observed with HarA
although anim@isliialye Quentitativnipénfcttbrdeather than the three injections used for the other

proteins. Tabl&igosomes: '
-DOPC 1 mg

30 - cholesterol 0.25 mg
3DMPL 50 g
QS21 50 ug
KH2PO413.124 mg Buffer
Na2HPO410.290 mg Buffer
35 NaCl2.922 mg
(100 mM)
WFI q.s. ad 0.5 ml Solvent
pH 6.1
1. Total PO4 concentration = 50 mM
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Table 18 WO 2007/113222PCT/EP2007/05:j057 Protein name React on SAS React on SM |

React on SE Hay IsaA +4+++4 +++ CIA ++ Jr+ Allamidase ++ JsdB ++++++ +4+
WO 2007/113222 PCT/EP2007/053057

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 LDsys 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 f 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 3ug, 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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Jackson Immunolaboratories Inc. peroxidase-conjugated affiniPure Goat Anti-Mouse IgG
(H+L) (ref: 115-035-003) diluted 1:5000 in PBS-tween 0.05%. The detection antibodies
were incubated for 30 minutes 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
16 minutes in the dark at room temperature. The reaction was stopped with 50 pl HCI, and
the optical density was read at 490 nm relative to 650 nm.

The results were expressed in mid-point titers and the GMT was calculated for the 30
samples (10 for controls). The results are shown in Table 14 below.

Table 14 .
Conjugate Anti-PS8 titre (GMT) Anti-PS8 titre (GMT)
nonadsorbed Adjuvant A
SA08-TT011 4714 2109
SA08-TT015 2806 5631
SA08-TT017 3770 4396
SA08-TT018 5349 4748
Control 50 50

Groups of 30 mice were inoculated subcutaneously with S. aureus dPNAG-TT
conjugates (containing dPNAG which was between 10% and 30% N-acetylated) at
a saccharide dose of 0.3ug in 200mM NaCl, either unadjuvanted or combined with
adjuvant A. The mice received three inoculations 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 control groups and these were inoculated with saline or with adjuvant

alone.

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)
overnight at 4° C.
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MRFil ++ Sbi ++4 EnbpA ++ Example 14 Efficacy of combinations of staphylococcal
proteins In a nasal colonization model. Fifteen groups of three cotton rats were inoculated
with combinatidh8 ¥PélghtStaphylococcal antigens and five cotton rats whRHT GG 74153057
controls were treated with no 10antigen. These sixteen groups are as follows: Group 1 -
Ati-glucosarnine, Atl-amidase, AAA, alpha toxin, Sdre, Sdre, Ebh, Sbi Group 2 -
Ail-glucosamine, Ati-amidase isdA, isdB, CIfA, SdrC, Ebh, FribpA Group 3 - Atl-glocosamine,
Ati-amidase, HaPA, Ristes, WEREP hlogkes . With, RBSHRESXiPe 1 SG oinpad RAtMiflucgdaliamel eamice
isdA, AAA, QUintisad\ wekhpBbilltgoupl60; tHanfuriBRikddl, diadmdne 0lleSaiickphates

FnbpA Group @nd%%bé?é@at% aAB@rM&Mﬁ'%%WmW hEUPORAL G S, bound munne

Atl- d | PII A G S C | 20G
A:I gmlcrgsgfrinespé Wﬁﬁ i é A28 3@&& £E ?rrf%j coer]’téE%é' aser%‘-"ﬁlugated

Ati- glucosémln@(r WF‘E@%EB’%NAU%II‘AGI&!HAL)S@?C 1§6‘R§5 003) diuted 1:5000 in PES-BSA

0.2%-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 pl
H202 per 10 ml pH 4.5 0.1M citrate buffer for 15 minutes in the dark at room temperature.
The reaction was stopped with 50 pyl HCI, and the optical density was read at 490 nm

10 relative to 650 nm.

A GMT was calculated on the mid-point titers of the 30 samples (10 for the controls).

Table 15
Conjugate Anti-PNAG GMT | Anti-PNAG GMT
Non-adsorbed Adjuvant A
dPNAG-TT010 1371 28465
dPNAG-TTO011 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

SAPS8-TT-04 Specol

207068

41326
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WO 20071113222PCT/EP2007/053057 Group 11- Atl-amindase, MRPII, IsdB, alpha toxin,
CliA, IsaA, Ebh, Sbi Group 12- Ati-glucosamine, HarA, IsdB, alpha toxin, IsaA, SdrG, Ehh,
FnbpA Group 189 EMMARSe, HarA, IsdB, AAA. IsaA, SdrC, Shi. FnbpA GfouipPiep7/053057
Atl-glucosamine, Atl-arnidase, HarA, MRPII, ClIA, SdrG, Sbi, FnbpA Group 15- Atl-arnidase,
HarA, IsdA, alpha toxin, CifA, IsaA, SdfC, SdrG Group 16 - HarA, IsdA, MRPII, I1sdB, SdrC,

SdrG, Ebh, S
made of liposg
10 days 1, 14

tEach-rmabcof antigenscontained-3jtgof each-antigep-mixed-with- ap,adjuvant
SAPSS-TT-04 Ad A 474 N I=1 15877 g
QS21. The cotton rats wel

the

)mes containing: !
arP A8 T thé AMiment. [Two weekd 88fer inoculatign, the efficeilof

immunisations

8pEeorssessed using a nasal colonisagon assay as|described in kokai-Kun et

al (2003) Antin

icrrab-Aaente-Chaernatnerl A7- 1590 1507 Claceiralmi-dtinletrhearraaraccian
IK&F‘}IWWILD.UIICIIIULIICI. =7, LYVOJ"L r.orassieal IIIUILIPIC mreail ICQICDDIUII
arr egout on the data using "Design 15 Expert 6" saftware. The presence of at

analysis was

antigen was co8¥tP4s +1 and the absente of an anti#@n by -1. Using the equation of the

L

model it was possible to determine which antigens were the key antigens which produced a
large decrease in the number of colonies per nose. Results The results of the nasal
colonisation asgixgnqr% ,T,Eown in Table 19. The control group had a mean logCFU/nose of

3.51335and a
inoculated with staphylococcal proteins. Groups 4, 9 arid 13 25 showed the greatest decrease

in nasal colonisation could be see for all the groups of cotton rats

in nasal coloniSZRENARIIPLoF¥I8 15253 ver 2 logs in CFU/nose. Groups 12 and 16 also gav
good resulfs, showing a decease of about 2 logs in CFLUnose, Table 19 Group Mean

observed LogCfrd/nosgird - 6peerobHasdeierit Ofida k1088293560 human polymorphonuclear

10

15

20

25

leykocytes (PMNs) is performed as described in Xu et al 1992 Infect. Immun. 60; 1358.
Human PMNs are prepared from heparinized blood by sedimentation in 3% dextran T-
250. The opsonic reaction mixture (1 ml) contains ~ 10° PMNs in RPMI 1640 medium
supplemented with 10% heat-inactivated fetal calf serum, ~ 10® CFU of S-aureus, and 0.1
mi 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
tryptic soy agar plates, and incubated at 37°C for bacterial count after overnight
incubation.

Example 13

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)
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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2.90435 2.52684 1.96556 2.23033 4 1.27748 1,21872 1.67304 1.93128 L2.79745
2,98193 2,21481 2.30705 3.51355

10

16

20

25

30

WO 2007/113222 PCT/EP2007/053057

The purified protein was coated at 1 yg/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

or rabbit antibody was detected using Jackson 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%. The
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 temperature. The reaction was stopped with 50
Il HCI, and the optical density was read at 490 nm relative to 650 nm.

The O.D. for a 1/1000 dilution of Post Il was compared to the O.D. obtained with the
same dilution of Pre-immune sera.

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:

Killed whole cells (heat or formaldehyde inactivated) from S. aureus type 5 and 8 or S.
epidermidis strain Hay were coated at 20 ug/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
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
Immunol.aboratories Inc. peroxidase-conjugated affiniPure Goat Anti-Mouse 1gG (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
H202 per 10 ml pH 4.5 0.1M citrate buffer for 15 minutes in the dark, at room
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3.47317 9 1.22480 1.44080 WO ZOOM 3222PCT/E P2007%053057 2.03085 2.02522
1153402 1.36083 1 2.31201 [2.22979 1.58109 The contribution of specific antigens within the
antigen mix wa¥'aettaté®tising multiple regression analysis of the nasal E6IBRISABIPHATa.
The final rndel 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 nasghcelanisatiny TJQJJ%A(M%?&&%& @ﬁ%ﬁ%&%ﬁﬁ@a@%ﬁ%ﬁ&ﬁei@%@ REY at

and Ebh. T%ble 20 Effects in difference of lopCi5dinose and ratio of CRilnose for the
seven best. 1041 ERYEdH5888Mind corresponding pi-values. antigen prob >F Effect
estimate ReductionCumulative ratio effect Cumulative ratio HarA [ 0.033

It should be noted that expression levels of proteins in staphylococci will vary depending
S 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

10 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
15 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
20
Protein name React on SA5 React on SA8 React on SE Hay

IsaA (*) (*) (+)

CIfA - (+) (+)

Atl amidase - - ++

SdrG - -
Glucosamidase = =

IsdA - - ++

Alpha toxin - - -

SrdC ++ (+) -

Ebh ¥ - +

AaA - gk 1 |
MRPII - - ++

Sbi ++ ++ 4+
FnbpA + + (+)
Table 18
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-0.598 -0,598

IsaAJ 0.046 -0.558 3.6 LdJ.4 14.3 Shii 0.077 -0.491 3.114.645 44.2 SdrC

0.22 -0,337 2,2 1-1.98296.0 1[AU-glucos 0.236 -0.324 2.1 -2306
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Protein name React on SA5 React on SA8 React on SE Hay
IsaA +++ +++ +++
CIfA + ++ ++
Atl amidase - ++ +
IsdB +++ +++ +++
SdrG + + +
Glucosamidase s . i
HarA (1 inject.) + 52 &
IsdA - . -
Alpha toxin - s +
| SrdC - = »
Ebh - + e B
AaA . " -
MRPII - - e
Sbi : +++ E
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

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
Group 4 - Atl-glucosamine, HarA, IsdA, AAA, CIfA, IsaA, Ebh, Sbi

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

Group 6 — IsdA, IsdB, AAA, alpha toxin, CIfA, SdrG, Shi, FnbpA

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

Group 8 — Control

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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202.2 MRPII1 0.239 -0.323 2.1 -2.629 425.3 Ebh 1 0.297 -0.286 1.9 -2.914 821.0 - 85 - THE
CLAIMS DEFINING THE WIVENTION ARE AS FOLLOWS:- 1. Animmunogenic composition
comprising Typ&'8 &WddPB%apsular polysaccharide or oligosaccharide froht BERIPS{§§3057
wherein the Type 5 capsular 5 polysaccharide or oligosaccharide is between 30% and 100%
O-acetylateci and is conjugated to a carrier protein wherein the carrier protein is selected from
the group consigtri&gqu.'gq{g_g%@ggi%gmmggéiaam%"gBM}psgAlrﬁq{'rgﬁhifus influenza
protein D. Pseudomonas as/Dig/nose exoprotein A, pneurnococcal pneumolysin and alpha
toxold and com TR 2-ShBYRSERERS S5 ARBRENTEAAGTUIRICEPS CPAD 2. An
immunogenic c&apodiliorAt@amisidsin flanipeds ahbifolBA B0 BhdMbadcharide or
O:igosaccuaﬁgedf&gﬁ ﬁﬁﬂflzg(l)%;\ﬁﬂ%%ﬂﬁ% N(?/I%Fﬁld%é lﬁffpdémﬂ'm%{ﬁ%%‘d??ﬂgﬁi.m’npr_ o
oligosaccharido.js betwee /0 an -acetylate is con a carrier protein
wherein thg'r carrdléoru[grté\)?{e_ir'ﬁﬂllé""éne'%eag'{aéél-iL ?rrgrr%% E%Ae E}Pgﬂ%ﬂ%qél)%jsﬁ%ggﬁ%%gﬁ&gs toxoki,
diphtheria toxoi@r@R froliatdalsato MRICK indBePirge PHsiekPD SPseudomonas +gewgaws

exoprotein A, pneurnococc.ai pneumolysin and alpha toxotd and comprising a staphylococcal
protein or fragmen) heIeq! WhIENJ%.SHined 3o 1% LBIMMGES NSO MRR THORALSH e of
yﬁ)lposom& con'iaining MPL and QS21. The cotton rats were inoculated three times on
10 days 1, 14 and 28 of the experiment. Two weeks after inoculation, the efficacy of the
immunisations were assessed using a nasal colonisation assay as described in Kokai-Kun

et al (2003) Antimicrob.Agents.Chemother. 47; 1589-1597.

Classical multiple linear regression analysis was carried out on the data using “Design

16 Expert 6" software. The presence of an antigen was coded as +1 and the absence of an
antigen by -1. Using the equation of the model it was possible to determine which
antigens were the key antigens which produced a large decrease in the number of
colonies per nose.

20 Results

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, 9 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

Group 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 2.98193 B

7 2.21481 2.30705
8 3.51355 3.47317
) 1.22480 1.44080 .
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20 polysaccharide or oligosaccharide is between 30% and 100% O-acetylated. 4. The
immunogenic composition of any one of claims 1 to 3 comprising staphylococcal PNAG. 25
5.The immunog®%¢®¥aMptition of claim 4 wherein the PNAG is less than RGV/FRIMAEENMfed.
6. The immunogenic composition of any one of claims | to 5 further comprising Type I, and/or
Type Il and/or Type i capsular polysaccharlde or ollgosaccharlde from 30S. eplderm|clls 7.
The i |mmunoge, rther comprisinga S 8LiffitdS-336
antigen. - 86 -

staphylococcalp FrG5IvY ;
staphylococca iracellular cor p8R##R binding protein or fr djﬁﬂﬁ%thereof selected from the

group consisting3of laminin recept@f@C/MniCisaliva bindinqmeﬂ@m EbhA, BAB, Elastin
binding protein {(EbpS), EFB (FIB)3804 autolysin, CIfA, SArCq 3geby SdrE, SdrG, Sdrl-1,
Lipase Gehl), SgsA, FnbA, FnbB; &33a9 CIfB, FbpA, Neese, [spddB3sA, SsaA, ERB, SSP-1,
SSP-2, Vitronegin binding protg INsgiynogen binding protein ﬂqﬁgghllase Fig and MAP; 10Db)at
least one staphylococcal transporter protein or fragment thereof setected from the group
consisting of| unodo mantﬁBC transporter, ISdA, IsdB, WC, HarA, Mg2+ transporter, Site
and Ni ABC tra %8&'3? Hjior aLEp ?ﬁ‘f ﬁWo%B@Eéb?eﬂﬁ'%ﬁBr"&\Wﬁﬁl@ﬂ'&@'ang(le&ngﬁ‘g‘jm@wt
thereof selecteéeﬂr(?ﬁ?'f’ﬁ‘eaﬁ?yﬁﬁ Bﬁﬁﬁéﬁﬁ glanriee dRFElRS fapmdt rnRinsshe ssrankeft
and RNA III acﬁ&éﬂ?@pﬁﬁ@HS(ﬁ@Amesmn#Q@mrﬁﬁwgme dahimp38itiBhin by eantent efalims

4.9 whereif thePRi¢RG, the inclusion of HarA gave the greatest decrease in nasal colonisation,

—C

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

10  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 36 -1.154 14.3

Shi 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

Ebh 0.297 -0.286 1.9 -2.914 821.0
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conjugated to a carrier protein. 2011.The immunogenic composition of claim 10 wherein the
carrier protein is selected from the group consisting of tetanus toxoid, diphtheria toxoid,
CRM197, Haemophilia irffluenzae protein I), Pseudomonas aeruginosa exoprotein A,
pneumococcal pneumolysin and alpha toxoid. 2512.The immunogenic composition of any one
of claims Ito 11 wherein an effective une response i'saéenerated against both S. aureus and S.

epidermidis. 13.ﬁymwm§qﬁ§.,w%ﬁ%%@(w§j any one of claims ito

12 and a pharmaceutically acceptable excip making a vaccine

antigens to make the immuno,%genic composition of any one of

comprising the sseps 0
ey Pe andlor 8 capsular

f mixin
claims 1 to 12 and addiMy a JRRHARE iceARPRstiop FRE IR

polysaccharide or oligosaccharide from S. aureus wherein the Type § capsular
5 polysaccharide or oligosaccharide is between 30% and 100% O-acetylated and is
conjugated to a carrier protein 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 and comprising a staphylococcal protein or fragment thereof which is CKA.

10
2. An immunogenic composition comprising Type 5 andlor 8 capsular
polysaccharide or oligosaccharide from S. aureus wherein the Type 8 capsular
polysaccharide or oligosaccharide is between 30% and 100% O-acetylated and is
conjugated to a carrier protein wherein the carrier protein is selected from the group
15 consisting of tetanus toxoid, diphtheria toxoid, CRM197, Haemophilus influenzae
protein D, Pseudomonas aeruginosa exoprotein A, pneumococcal pneumolysin and
alpha toxoid and comprising a staphylococcal protein or fragment thereof which is CIfA.

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

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

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

6. The immunogenic composition of any one of claims 1 to 5 further comprising
Type |, and/or Type |l and/or Type Ill capsular polysaccharide or oligosaccharide from
30 8. epidermidis.

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

35 8. The immunogenic composition of any one of claims 1 to 7 further comprising a

staphylococcal protein or fragment thereof.
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9. The immunogenic composition of claim 8 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 and RNA il activating protein (RAP).

10.  The immunogenic composition of any one of claims 4-9 wherein the PNAG is
conjugated to a carrier protein.

11.  The immunogenic composition of claim 10 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.

12.  The immunogenic composition of any one of claims 1 to 11 wherein an effective
immune response is generated against both S. aureus and S. epidermidis.

13. A vaccine comprising the immunogenic composition of any one of claims 1 to 12

and a pharmaceutically acceptable excipient.

14. A method of making a vaccine comprising the steps of mixing antigens to make
the immunogenic composition of any one of claims 1 to 12 and adding a

pharmaceutically acceptable excipient.

15. A use of the immunogenic composition of any one of claims 1 to 12 in the
manufacture of a vaccine for treatment or prevention of staphylococcal infection.





