IMMUNOGENIC COMPOSITION Technical Field The present invention relates to the field of
Staphylococcal immunogenic compositions and vaccines, their manufacture and the use of
such compositions in medicine. More particularly, it relates to vaccine compositions
comprising PNAG (PIA) polysaccharide and type 5 and/or 8 polysaccharides from S. aureus.
Methods for the treatment or prevention of staphylococcal infections using such vaccines are
also provided. 10 Background The numimustaeRicanpmeataoguired and hospital acquired
infections have increased over recent years with the increased use of intravascular devices.
Hospital acquimeshHiqieatqial) infections are a major cause of morbidity and mortality, more
particularly in 15 The US, where if affects more than 2 million patients annually. Following
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Staphylococcus aureus, Coagulase-negative Staphylococci (mostly Staphylococcus
epidermidis), enterococcus spp, Esherichia coli and Pseudomonas aeruginosa are the

25  major nosocomial pathogens. Although those pathogens almost cause the’same number
of infections, the severity of the disorders they can produce combined with the frequency
of antibiotic resistant isolates balance this ranking towards S. aureus and S. epidermidis
as being the most significant nosocomial pathogens.

30  Staphylococcus aureus is the most common cause of nosocomial infections with a
significant morbidity and mortality (Romero-Vivas et al 1995, Infect. Dis. 21; 1417). It is
the cause of some cases of osteomyelitis, endocarditis, séptic arthritis, pneumonia,
abscesses and toxic shock syndrome.

35 8. epidermidis is a normal skin commensal which is also an important opportunistic

pathogen responsible for infections of implanted medical devices and infections at sites of



10 the recent emergence of vancomycin resistant S. aureus strain has aroused fear that
methicillin resistant S.eureus strains will emerge and spread for which no effective therapy is
available. An alternative approach of using antibodies against staphylococcal antigens in
passive 15 immunotherapy has been investigated. Therapy involving administration of
polycional antisera are under development (WO 00/15238, WO 00112132) as well as
treatment witls@gagnddtainal ardibedy agaiadt bpoteichmwieadits (\WOUOS/5Z8E). parealakerative
approach would he 4450 0f A6l e¥RARRNAUGMHIAIENSIALEIABHMBRHMEEA remRAISe ABRiRTS,

staphylococci. Several candidates for inclusion as yaccine components have been identified.
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fibrinogen binding protein (US6008341), GehD (US 2002(0169288), collagen binding protein
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hours after induction, lane lysate, lane 19 - soluble fraction, lane 15 - insoluble
response against staphylococm 'Several candidates for inclusion as vaccine components

have been identified. These include Fibronectin binding protein (US5840846), MHC i

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
25 protein (WO 01/60852).

fraction. 20

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

30 recognised by hyperimmune sera from patients who have suffered staphylococcal
infection (WO01/98499, WO 02/059148).

The first generation of vaccines targeted against S. aureus or against the exoproteins it
produces have met with limited success (Lee 1996 Trends Microbiol. 4, 162). There
35 remains a need to develop effective vaccines against staphylococcal infections.
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Panel B shows a coommassie stained SDS-PAGE of 10, 5,2 and 1ul of the purified alpha
20toxin. Figure 4 Purification of Sdre undercfenaturing conditions. Panel A shows a
coommassie stained SOS-PAGE of samples prepared during the purification of alpha toxin.
Lane M - molecular weight markers, lane Start - supernatant fromed from the insoluble
fraction 25 containing over-expressed SdrC, lane ET1 - flow through from the Ni-NTA column,
lane C - fractions eluted with wash buffer C, lane O - fractions eluted with buffer 0, lane E -
fractions eluteq with.b ffer anel B shows a coommassie stained SDS-PAGE of 1, 2,5 and
10m1 of the p Giiicn] 'g ‘gfoégHF&% ELISA results for antisera against staphylococcal

proteins in plates coated with purified proteins. Pool mice pre - result using pooled sem
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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 —

molecular weight markers, lane Start — supernatant fromed from the insoluble fraction
25  containing over-expressed SdrC, lane FT1 - flow through from the Ni-NTA column, lane C

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

fractions eluted with buffer E.

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

30 Figure 5 — ELISA results for antisera against staphylococcal proteins in plates coated
with purified proteins.

Pool mice pre — result using pooled sera extracted from mice pre-innoculation. Pool mice
Post Ill — result using pooled mouse sera extracted post-immunisation. Pool rabbit pre —

35 result using pooled sera extracted from rabbits pre-innoculation. Pool rabbit Post Ill -
result using pooled rabbit sera extracted post-immunisation. Blc- negative contol.

Figure 6 — ELISA results for mouse antisera raised against staphylococcal proteins in
40 plates coated with killed staphylococci.



The present invention discloses particular combinations of Staphylococcal antigens which
when combined, lead to the production of an immunogenic composition for treating or 25
preventing staphylococcal infection. immunogenic compositions of the invention incorporate
PNAG (PIA) and S. aureus polysaccharides type 5 and/or B. This combination of antigens is
capable of eliciting an immune response against a range of staphylococcal infections. PNAG
(PIA) is highlycapsgryssl aRRRLGHeIRRSEI v RAsesRIARIDIMK ah AEcteri A ANt &
oroad range ol facEHANAkPas Joﬁeﬁs%éva S roliRaceRBrdesSe-RAPe eRldpHRAdeRRhat

elicit an |mmun%¥ §sg se %gsq(q %@gns of S. aureus which is the most common cause
of nosocomlafN ectu’f ysacc arl The immunogenic compositions of the invention

comprise PIA (also known as PNAG) and type 5 and 8 poli;saccharldes from S. a reus PIA
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polysaccharides or oligosaccharides derived from them. 5 RA is a polysaccharide intercellular
adhesin and Isigamgosedlo$A psiyitadorofabilt -d8iselialkeideyl LagadanatapBylbetitcab drolgins in

N-acetyland Qrsiascinyteaanstitiedtsaghyisdeatysaccharide is present in both S.aureus and S.
epdermidis and can be isolated from either source (Joyce at ai 2003, Carbohydrate Research

338; 903; Malﬁ%@ifﬂ%&éﬁ@@@%é@@&%ﬁ el EXigSamBIE ENASaRBAY BSes
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integral const r% M |I|lse SspoNsI or mediating cell-cell adhesion and probably
also fun(#ons 0's growing colony trom 15 the host's immune response. The
polysaccharide preV|ous known as poly-N-succiny1-8-(1 -->6)-gitic,0sansine gPNSG was

recently showH'RdiN® RaVEdER 88 FeRs caRES SR RO AR USING R RSRIA R SRS n
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the term PIA. result for pre-immune rabbit sera.
20
Detailed description

The present invention discloses particular combinations of Staphylococcal antigens which
when combined, lead to the production of an immunogenic composition for treating or

25 preventing staphylococcal infection. Immunogenic compositions of the invention
incorporate PNAG (PIA) and S. aureus polysaccharides type 5 and/or 8. This combination
of antigens is capable of eliciting an immune response against a range of staphylococcal
infections. PNAG (PIA) is highly conserved among Gram positive bacteria and provides
protection against a broad range of bacteria whereas Type 5 and 8 polysaccharides are

30 potent imunogens that elicit an immune response against most strains of S. aureus which
is the most common cause of nosocomial infection.

Polysaccharides

35 The immunogenic compositions of the invention comprise PIA (also known as PNAG) and
type S and 8 polysaccharides from S. aureus.

PlA (PNAG)



PIA (or 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 25 (of 13-(1
-6)-linked glucosamine substituted with N-acetyl and 0-succinyl constituents). Any size of RA
polysaccharide or oligosaccharide may be use In an Immunogenic composition of the
invention, however a size of over 40kDa is preferred. Sizing may be achieved by any method

known in the aftfRbingtanaebnasreliyidinrtioniirpsenisirsadiriqRipsdeyHaRessichtified
cieavage (WC34a @%A%gggl%ﬁre B4 R2cHermiddr g@%ﬁﬁé (RARLERERA dPDAGAre
i

if
40-400KDa, 502350 Dy 050D, 60,00, o) 2501 0,60 2RO ELA (BN AGLcan
have different Hﬁ)gree 0 gf 1affon u%o su st:tuggrn rgrt]hthn? amino 35 groups by acetate. RA
produced in vi %ag?ﬁ?é' y° &G lﬂ’%sn S0 g(;)rouf)’s (95- / 00%). Alternatively, a
deacetyla%d PIA (PNAG) can be used having less than 60%, preferably less than 50%, 40%,
30%, 20%, 1004 aEctnalisrdids inreivion AMNss RANAINXEPRS§H S Ry GiRE el B-(1 —6)-
non-acetylatedn&giogésesarminaGsabstifirslentitt ieasieiihpopsShftGinig ePstitienisositive
bacteria, prefepalpbpShanide ispaestiuri® belpiSarmidisandoSt exddprasidiadid, cae Fl sqRIABIMas
a size betweesithersblacantogEOki202908, ISztlssietylatRessartha3iE: 0 3h MaiGoLirab @al 2003,

30% or 2096 oinfsBin@ LRSS Fs ratasle, PR Hayinsicoai i I3 darédPNAG Meess to
a PNAG polysggeh@isiey@r)oligosacchande In which less than 60%, 50%, 40%, 30%, 20% or

10% of the amino agroups are acetylated. In an embodiment, PNAG is a deaceylated to form

dPNAG by Chgm9@3\&{;@%99@smsixﬁdmgvgqa@%%i nERGSX ARSI BB ENAG i
treated with a basic solutjon such that t H rises 1o above 1Q, For instance PNAG is
veatd w0 Ay sohetadhonth 18 kBT RSB Rl MRS elga
Treatmerf is 1Y 07 BP0 inutes, or 1, 2, 3, 4, 5, 10, 15 or 20 hours at a
temperature of 20-100, 25-60, 30-60 or 30-50 or 35-45 C. dPNAG may be prepared as
described in WES0P1432@%ritp @EYRMACKAAMA S PRICNGRer Y HRe ImtRUBLERIAIRIES Hp b Rion
of the inventiowasreesestlyrabiwoongtidatesyeothecaxpiesterotsistue duresiled iBendleation of N-
alternatively 15umguytgtigraves. ifogued Gitaird-{ s gd eh202c rdeid ebnfronita 4488l I Mosforstthins
of Ssure@8 thatotaasehaféctifomalinamaontais GNSE Taqpe bow Tyyed 820 ol PdEdE haridiss:

Approximatelyeh€9mgissemantiritatnsrase Type 8 and approximately 30% are Type 5. The
structures of Type 5 and Type 8 capsular polysaccharide antigens are described in Moreau et

a! CarbohydraigaREs pRIAL) 4Rz (19 3P RO AWALErRiAY ERFLVRABHRDA Hetledh s BA
have FUCNAC%B%WS’&%&WH ARSI MAHIDAGA IS SR AR H'SPEH IR 'S RIUGE Rits
sulfhydry}@rm(lgf a_-( jﬁ}!ﬁ,ﬁl{ggsgwggseafﬁ S réﬁgs | ut:egSWith N-acetyl and O-succinyl constituents).
Any size of PIA polysaccharide or oligosaccharide may be use in an immunogenic
composition of the invention, however a size of over 40kDa is preferred. 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
Preferred size ranges of PIA (PNAG) are 40-400kDa, 50-350kDa, 40-300kDa, 60-300kDa,
50-250kDa and 60-200kDa.

PIA (PNAG) can have different degree of acetylation due to substitution on the amino

35 groups by acetate. PIA produced in vitro is almost fully substituted on amino groups (95-
100%). Alternatively, a deacetylated PIA (PNAG) can be used having less than 60%,
preferably less than 50%, 40%, 30%, 20%, 10% acetylation. Use of a deacetylated PIA
(PNAG) is preferred since non-acetylated epitopes of PNAG are efficient at mediating
opsonic kKilling of Gram positive bacteria, preferably S. aureus and/or S. epidermidis. Most

40 preferably, the PIA (PNAG) has a size between 40kDa and 300kDa and is deacetylated
so that less than 60%, 50%, 40%, 30% or 20% of amino groups are acetylated.
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Type 5  --44)-13-D-ManNADA(30Ac)-(1 -->4)-e-L-FucNAc(1 --t3)-13-D-FucNAc-(1 30 Type
8 ---$3)-(3-D-ManNACcA(40Ac)-(1 --1.3)-a-L-FueNAc(1 ---+3)-0-D-FucblAc-(1  Recently
(Jones Carbohydrate Research 340, 1097-1106 (2005)) NWIR spectroscopy 35revised to
structures to : Type 5 ---44)4p-D-ManNADA-(1 -->4)-a-L-FucNAc(30Ac)-(1 6 Type 8
--43)-13-D-ManNAcA(40Ac)-(1 ----t3)-a-L-FucNAc(1 ---3)-a-Dicuct'lAc(1 Polysaccharides, may
he extracted from the appropriate strain of S. aureus using method well known to the skilled
man, for instarge a&ﬁ#SS@Q@%AQtébSWKéWdM Smele. K1GCAIRA2 BATIRERS. o
aureus strain gy 1e68 wiich TRE o G SUIRTA, PRWR SR RRALE Hlnai

size or alternatl q/ &ﬁ or Instanc y 'microfiuidisation, ultrasonic irradiation or by
chemical treatfi¥eN ﬁ'ﬁ(? i ?8% also covers ollgosaccharldes derived from the type 5 and 8

polysacchgrld?s from S aureu|§w}8The (}XQC ja tof gg’;}@gg rid %mgﬂfﬁg’aﬁhﬁhﬁe

Immunogenic Composfon OP he invention ar ereral C0n ugate tO a carrier protein as

described beldgtie aﬁ@%a@fmﬂeeﬁpm@m@m@aatwe ?Hé%ﬁﬁf@ﬁt?&éﬂte 2oAHSTIYAR Bithe
invention altermwéxpﬂorgb'y s ither ty Ferinetaheaniihpays seatiaride G1-aMmas830.3-

antigen %%%%ﬁ“ C‘fé‘tr Bhgﬁ m@g ni &QWAW Py RSP EQGFRH%‘?%(B“G

S. 25 aureus 336 antigeh descri 7, The 336 antigen co é)rlses p-linked
hexosamife, CBItAR%s Hd FRabetyP gtBulRea40 ’%’éﬁﬁf&\ﬁ?‘ﬂﬁfﬁ@%%ﬁﬁﬂb@ PSR es
Type 336 deposiEgloiagasATHPHREMay be prepared as described in WO 04/43405.

The polysaccharide(s) included in the immunogenic composition of the invention are
preferably conjugated to a carrier protein as described below or alternatively
15 unconjugated.

Type § and Type 8 polysaccharides from S.aureus

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

20  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. The structures were reported as :

25

Type 5

—4)-B-D-ManNACA(30Ac)-(1 —4)-a-L-FucNAc(1 —3)-B-D-FucNAc-(1 —
30 Type8

—3)-B-D-ManNACcA(40Ac)-(1 —3)-a-L-FucNAc(1 —3)-B-D-FucNAc-(1 —

Recently (Jones Carbohydrate Research 340, 1097-1106 (2005)) NMR spectroscopy
35  revised to structures to :

Type 5
—4)-B-D-ManNAcA-(1 —4)-a-L-FucNAc(30Ac)-(1 —3)-B-D-FucNAc-(1 —
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30In 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
chemical treatment, The invention also covers oligosaccharides derived from the 336 antigen.
35The 336 antigen, where included in the immunogenic composition of the invention is
preferably conjugated to a carrier protein as described below or are alternatively
unconjugated, Type 1. Il and illoolysaccharides from S. epiderrnidis Strains ATCC-31432,
SE-360 and Sggjlg f S. epidermidis are characteristic of three different capsular types, I, H
and Il respecti\)’ yé)lchiman and Yoshida 1981, J. Appl. Bacterial. 51; 229). Capsular
polysaccharides gxjracted from h serotype of S. epiciemddis i Type I, Hand Il
polysaccharides. %é’l@é'{a}%gﬂg%@sg %‘ncgﬁﬁbe f%%r@c%@g%ﬁgé %T%ﬂﬁﬁésﬁnéﬁding the
method deScribed in U34197290 OF as described in Ichiman eta] 1991, J. App]. Bacterial. 71;
178. In one embodiment of the invention, the immunogenic composition comprises type 1
and/or |1 and/oPely§sshasiden arrickecRgIESLan drrIBRPIRATALS, EiSfrfei g using method
Polysaccharideshiaofmtitke sikéiar aherfetivsignemphdesicred forlR8eddé7byor example,
microfluidisatioxTCdtrezsonis mraghatioh aurehe stigialarie ATa 1606 inedivtierd Slsa/owsastsin.
oligosacct@rides extracted from S. epidormiclis strains. 15These polysaccharides are
unconjugated eoRERRIRIRIEDINE0BIUSRIRS Sscdescaikerabrlgwmapyctaidan @ instance by
polysaccharides; a0ntimongn! He.RPRI-AsTeF et hieunErR TR RAGBRELE 2dlers
vaccination, is 4 aeb A RULRACE RAHRe BBL 588 PAIEBRINAAORAR Sliatamies, which

0 - al

have been desighed to overcome this lac Ininiunogenicity, include the linking of the

POl S O e T I S e RSk B S LS5 riE BoraSsition of the
invention are preferably conjugated to a carrier protein as described below or are

alternatively unconjugated.

The immunogenic compositions of the invention alternatively contains either type 5 or type
20 8 polysaccharide.

S. aureus 336 antigen

In an embodiment, the immunogenic composition of the invention comprises .the S.
25  aureus 336 antigen described in US6294177.

The 336 antigen comprises B-linked hexosamine, contains no O-acetyl groups and
specifically binds to antibodies to S. aureus Type 336 deposited under ATCC 55804.

30 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
chemical treatment. The invention also covers oligosaccharides derived from the 336
antigen.

35 The 336 antigen, where included in the immunogenic composition of the invention is
preferably conjugated to a carrier protein as described below or are alternatively
unconjugated.

Type |, Il and Il polysaccharides from S. epidermidis
40



25 preferred that the polysaccharides utilised in the invention are linked to a protein carrier
which provide bystander T -cell help. Examples of these carriers which are currently used for
coupling to polysaccharide or allgosacchande imrnunogens include the Diphtheria and
Tetanus toxoids (DT, DT Crm197 and TT), Keyhole Limpet Haemocyanin (kW),
Pseudomonas genigirposa exoprotein A (rEPA) and the purified protein derivative 30 of

Tuoercutin (PRI BRI 3if1gs §|‘-?§66°£HH"$%'H‘HRW§38 BERHROMEIR I SERgmRNES Bhany
of the above. F%?eg 3 SHiPplE. or “ﬁeaHabH ﬁ|ﬂﬁ%%ﬁs$&9|§ahﬁj@?rﬁmmes
in particular pr fotein ;g em aﬁa?er}y: co tglrll () rac ﬁ]q% hseelg glnof S,

Protein O is a a‘rﬁnd ilus |n |cre ch des ma be
JUEHSR 8?' anti y

Despite the ccﬁﬂﬁ?ﬂﬁ’ﬂgecf}f‘?ﬂ%’é% Eéﬁ?ﬁefs Qnﬁ’ﬁwéw QBE@@ r?
polysaccharid@HAMEE Y reepEhSBetaeey delusding dhsieaalited %&F@Fﬂra‘wygﬂg £ Safiple,
it is known thatesatiepshirslsatige rhah 9@ rdspemsBactads)- id: ifpressed by the presence of
pre.existing antibodies directed against the carrier, in this case Tetanus toxin (Di John at al;
Lancet, Decennbend @nibd8@ern thehaopuéation, dbéangsuaogenichigimpesitientagrerobee tysle Will
have pm-existing/gnmsarty (v fanibabthaxadsl oratidoeaieantes dutngyydeawdided with these
antigensqn the UK for example 95% of children receive 5 the DTP vaccine comprising both

DT and TT. Oﬂwsawha{éegaxﬁe deserabed the REPRIRIMAHRRIIORS, SHP eSS O LarReIIE ey
vaccines in anim 1 é[ﬂ&g %f'i\t: ITURYRHOP eredfdal ‘Gidnd? The GERR £ Bso’ covers
C

Immunol. 135: A} osacch )% » fr IS kxagy,vnr;da%ggﬁ%nt irnmunogen and has already
been used as a%arner ?glg Bpeptl es 1h human clinical trials. However, some adverse
reactlonslt(fOTH -like reactions or IgE sensitisation) as well as anti cidy res onses a msL
antibody Rave HE&H BRIACRENARS A8 MRAONYEARE r r G18ir 18 TRRM N ﬁﬁ}?ﬂjﬁgg figioed
composition oP#&invention is a single staphylococcal protein or fragment thereof or a fusion
protein comprlsmg at Ieast or 15exactly 1, 2, 3 or 4 or more of the staphylococcal proteins
listed in the sdetivab apct@ntteshereof. A new carrier protein that would be
particularly advantageous to use in the context of a staphylococcal vaccine is staphylococcal
alpha toxgid. The native form may be 20 conjugated to a polysaccharide since the process of
conjugation retimoegstdkecsatitrefeaatiiyiatagonwishi dadlysieth xiflkshatbhedrsxin wnsinaliothds the
His35Leu or H&@@&%ﬁ%é&gﬁaﬁﬁ%yﬁgﬂ ﬁaﬁ@rB&S? ﬁhﬁﬁﬁd@&*ﬂuabﬂ@féa%lsdﬁwehave been
Alternatively tqﬁﬁ ftoxm IS chemically dﬁ%ox r%&j treatrg nt with & crgss Imkmg e ent
formaldehyde EF[E raf"de‘??ﬂ‘?('i%onl‘\e %tl QetOX ed)%?ph'ytoxm IS op |ona yc emica
detoxified, 25 prufershiyids tredarae neraigin acer@%lmﬁ@ rEayeat bistandriehygd belp- It s
giutaraldghydeprigeiisthearachipenjsxiciridthaniséaphylecnosaiign cieinsied ftagrpernis tharzeof,

particularly thGagisied Abaye mau e Usicana EIIRIAACIRLY LrBRaAarbRyidGRdinipd

‘EtE% bf

above. The carrier protein niay be a fusion protein comprising at least or exactly 1, 2, 3, 4'or 5

of the staphyl&é@ﬁc&lrpﬁﬂé‘?mﬁhéﬂao"%%?ﬂ%ha”de or oligosaccharide immunogens include the
Diphtheria and Tetanus toxoids (DT, DT Crm197 and TT), Keyhole Limpet Haemocyanin

(KLH), Pseudomonas aeruginosa exoprotein A (rEPA) and the purified protein derivative
30 of Tuberculin (PPD), protein D from Haemophilus influenzae, pneumolysin or fragments of
any of the above. Fragments suitable for use include fragments encompassing T-helper

epitopes. In particular protein D fragment will preferably contain the N-terminal 1/3 of the
protein. Protein D is an IgD-binding protein from Haemophilus influenzae (EP 0 594 610
B1).

35
Despite the common use of these carriers and their success in the induction of anti
polysaccharide antibody responses they are associated with several drawbacks. For
example, it is known that antigen specific immune responses may be suppressed by the

8



30 The polysaccharides may be linked to the carrier protein(s) by any known method (for
example, by Likhite. U.S, Patent 4,372,945 by Armor et al., U.S. Patent 4,474,757, and
Jennings et al" U.S. Patent 4,356,170). Preferably, CDAP conjugation chemistry is carried out
(see W095/08348). 35 In CDAP, the cyanylating reagent 1-cyano-dimethylaminopyriciinium
tetrafluorohorate (CDAP) is preferably used for the synthesis of polysaccharide-protein
conjugates. Theeeyartlatioe-miEtitigardivodies péeatahaghinstibe resuitrly tisl gasendivoHs feiich
avoio:_s hygroly@'ﬁ jzjhuh%ﬁH@U%ﬁﬁéerﬁ@é\éﬁ\pﬂlyﬁagomw)ldbmsthﬁhba;?yaﬁbﬁs& &H@a,v%dieels_zthigh
coupling Oto a carrier protein. The polysaccharide may be soluhilize W r ne
solution. CDABeﬁ‘fﬁ(}tT% d’lﬁgﬁ?@éed"% C&ToRiitriTE &g 5({3%"% ng?g%o m%ejlinat'})gtﬁ %%%/é%é%ﬁ&rl?ide
solution. The CARIyeGcENatitt with Hyzhorpligrduds Bkl Mﬁaﬁ%é/ﬁé & fHHdTen E5eaivge
ester. 10 Afteritaengetivation sieRsibisgcestien Pepie mTiscasisteditmingvg ratestetiyisinedtsent
with the activated pplysaccharide tq form.an isoure v lj ' jon,
a large exceSSO%F é@g%éqg%rﬁgﬂogﬁgeﬁe%ﬁeug%%ﬁ(n?%s?lrguag %%ti’\llnéstje fﬁ%@%ﬁg}ﬂm@%
product is ther! P IR BRraei IS eheer séAnedisrrastuAR fb T8R! Bfié2ded carrier protein
and residual reagents. 15 Proteins The immunogenic composition of the invention preferably

furiher compriRep A KABAX'A8A5GRKPIAIRINCIR &R R et PIBLR SRS actlie ©F R

epiderrnidis, Some 20e Nt the invention contain protein ,frorﬂi)tF tq S.aumus and
S epidertAith@eRHRFarB GRS S B BHET AOBR R COMBRIo i R Ta S FRSLaM O
which comprisig& aansitisativeicid weltjae actbodyictspenses dgansBaWbribiiRye peefcrbisived least
90% identity, more preferably at least 95% identity, most preferably at :east 97-99% or exact
identity, to that of any sequence of figure 1. 25 \Where a protein is specifica:i '
herein, it is pré@éfﬁé‘%‘\%f@gﬁ&@rﬁ!‘%‘r%%t‘l'@g Qr\{\rr{éa'c'(r)nrrrrl] {ﬁgﬁ?',c ﬁ?ﬂé\%@ﬁnp?gé%gé @%ﬁﬁzﬁly
a mature proteiingre wartylegnceibprateie gL EAS@IMA S BEOhAchivR/eY P'Hﬁé’kﬁ@f&?ﬁl’?&?tks" or
isolated disectsliquyp the, Japhyie casrcasistaistaphpredues phajeractsiadinatiRhAide teigues,

immunogenic ngn&@a}g;et&e protein may be 30 incorporated into the immunogenic
composition of thie invention. These are fragments comprising at least 10 amino acids,

preferably 20 amino acids, more preferably 30 amino acids, more preferably 40 amino acids
or 50 amino acidswnstierrpfetin =k @ alch beopadidslathkedvauagepisusiyuseoin treecantibdcid
sequence of the,prof&in.ds addiien. SUch IRYBEARIENGHAABBIS 28 tyBitdllorm may be
Immunolgglcalé%r%%gg{é\ée t\éVItQ %gi[)lfgggclﬁgrigg ngrnactee(%he process of conjugation reduces toxicity.
Preferably a genetically detoxified alpha toxin such as the His35Leu or His 35 Arg variants

are used as carriers since residual toxicity is lower. Alternatively the alpha toxin is

chemically detoxified by treatment with a cross-linking reagent, formaldehyde or

glutaraldehyde. A genetically detoxified alpha toxin is optionally chemically detoxified,

25 preferably by treatment with a cross-linking reagent, formaldehyde or glutaraldehyde to

further reduce toxicity. Other staphylococcal proteins or fragments thereof, particularly

those listed above may be used as a carrier protein for the polysaccharides listed above.

The carrier protein may be a fusion protein comprising at least or exactly 1, 2, 3, 4 or 5 of

the staphylococcal proteins listed above.

% The polysaccharides may be linked to the carrier protein(s) by any known method (for
example, by Likhite, U.S. Patent 4,372,945 by Armor et al., U.S. Patent 4,474,757, and
Jennings et al., U.S. Patent 4,356,170). Preferably, CDAP conjugation chemistry is
carried out (see W095/08348).

35



35 against the Staphylococcal proteins or with antibodies generated by infection of a
mammalian host with Staphylococci or contain T ceil epitopes. Immunogenic fragments also
includes fragments that when administered at an effective dose, (either alone or as a hapten
bound to a carder), elicit a protective immune response against Staphylococcal infection,
more preferably it is protective against S. aureus and/or S. apidermidis infection. Such an
immunogenic ﬁﬁagmmnt maydym{wdfmg‘oreegam plesytine-pirotdhpldachopgridimibivtcetnafiablobatate

sequence, andy TANSMENIANESAMAD SRHaLS & IEHIBARBIRE EATAHGRR. The

preferred aspect the unogenic fragment according to

inve is
substantially aqygf'\ﬁ@réiﬁ%‘é@m%"d%ﬁﬁﬁf%%%hﬂgﬁﬁ vﬂﬁEY?Wa@'ﬁi 5’9? 5’55 Y%ﬁé?ﬂlt?/vo'ds
preferably at |apdo8@RHdtithetiikalinerse psitifer pbilys atdemisted STbifoMthgsimaliswsrdiferhishuplingast
97-09% identity,tadhat ﬁragg,uence selected from Figure 1 over the entire length of the
fragment sequence. 10 In an embodiment, immunogenic compositions of the invention may
contain fusion proteins of Staphylococcal proteins, or fragments of staphylococcal proteins.

Such fusion pmigipsiysakeideadearcso Ry andateaywcanspiisesohtiquorttDAGT ataleast 2,
3, 4, 5 or 6 staploeaCRARIRIMNS. MNieraabyahimadidsign oraleipomesccieiyiseluoipEhe
portions 15 Of@é}ﬁﬁ%gctéw‘iu%é praﬂﬁffﬁ' B HEisI ThaseimaY.CRmbineydiiaesiter.
Staphylo ccz;\# e twa (SPHE RO o ??H&%&f‘)tﬁ?ﬁﬁln@g?&%“&ﬁ%ﬂ@Qéé‘éi%ﬂpn
also includes divi “ ?%s tC aer‘. S Bl oraniogoccal pi H?'ﬁh? %Hﬁ%e&'ﬁpﬁﬂg%%ﬁﬁ a

fusion protein wﬂﬁ%e?ero

vider o
purification ta ang é')’(‘&ﬁ?ﬁlg J@ﬂ%&ﬁ&ﬁ%@‘ﬁ L%aﬁlflone g ﬁ'rdalljr?ls wateezﬁﬁ)%onal groups.
fluorescent profimEoRueas theneaRsad Jrushp g8lmerpe iy Cp ‘{j"'bb‘im?ffauﬁ regfl;tsﬂgiarner
surface proteiRESit AN $5¥eH2a9ARs haemagglutinin, or bacterial proteins such as tetanus
toxoid, dif$htheria toxoid, CRM197, Proteins 25 In an embodiment, the immunogenic
composition oPmiQw&ntlon further comprises one or more of the proteins mentioned below.
Many of the preferred proteins fall into the categories of extracellular component binding
proteins, transpertemprategesior toxinesition refutheorsainlivnlcpieteratie ifHAIGhosRMRESes a

composition ofinbeeBEAPHRRICHAME BERALE0 §9merismsstambymosch:mmellsme
oD i aSBSRRTAha RARGARAR LHARP U IR S NP2 SRR XpaeRRRlc " O

regulator of VII’LWGI’\CE munogenic compaosituon O € Invention option omprlses at

least or exactl{fmmumogenic Sompesﬁl‘éﬂﬂﬁfl%E@tbmm'%f?ﬁd?ﬂ@teﬁ%%ﬁbwm TPR'ER_Es out
the SEC.) ID rannpair® ofcir cieqnesrequeiiice handiDbEstsesfueidestthatefeabhuat lraftigate 1

and Figure 2 f‘aanﬁtg;t'm‘dae ﬁé‘rée%\setﬁeaztwmﬂﬁtmép%e%ﬁ,%mééEgﬂ@mt&Seaact

sequence from S. epidermidis.
identity, to that of any sequence of figure 1.

25
Where a protein is specifically mentioned herein, it is preferably a reference to a native or

recombinant , full-length protein or optionally a mature protein in which any signal sequence
has been removed. The protein may be isolated directly from the staphylococcal strain or
produced by recombinant DNA techniques. Immunogenic fragments of the protein may be
30 incorporated into the immunogenic composition of the invention. These are fragments
comprising at least 10 amino acids, preferably 20 amino acids, more preferably 30 amino
acids, more preferably 40 amino acids or 50 amino acids, most preferably 100 amino acids,
taken contiguously from the amino acid sequence of the protein. In addition, such
immunogenic fragments are typically immunologically reactive with antibodies generated
35 against the Staphylococcal proteins or with antibodies generated by infection of a
mammalian host with Staphylococci or contain T cell epitopes. Immunogenic fragments also
includes fragments that when administered at an effective dose, (either alone or as a

10



Immunodernhani ABC transporlet SEC/ ID 1 SE Laminin receptor SASEG ID 3 SE SEQ ID 4
Secretory Antigen A SsaA SA 1SEQ ID 5 5A2SEC) ID 6 SESEG ID 7 SitC SESEC) ID 9
SASEG ID 6 IsaA / PisA (IssA) SA SE EbhA B SA EbhA SA EbhB SE EbhA SE Ebha SEQ

ID 12

10

15

20

25

30

35

hapten bound to a carrier), elicit a protective immune response against Staphylococcal
infection, more preferably it is protective against S. aureus and/or S. epidermidis infection.
Such an immunogenic 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 a
preferred aspect the immunogenic fragment according to the invention comprises
substantially all of the extracellular domain of a protein which has at least 85% identity,
preferably at least 90% identity, more preferably at least 95% identity, most preferably at
least 97-99% identity, to that a sequence selected from Figure 1 over the entire length of

the fragment sequence.

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. 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 example: B-galactosidase, glutathione-S-transferase,
green fluorescent proteins (GFP), epitope tags such as FLAG, myc tag, poly histidine, or
viral surface proteins such as influenza virus haemagglutinin, or bacterial proteins such as
tetanus toxoid, diphtheria toxoid, CRM197.

Proteins

In an embodiment, the immunogenic composition of the invention further comprises one
or more of the proteins mentioned below. Many of the preferred proteins fall into the
categories of extracellular component binding proteins, transporter proteins or toxins and
regulators of virulence. The immunogenic composition of the invention optionally further
comprises a staphylococcal extracellular component binding protein or a staphylococcal
transporter protein or a staphylococcal toxin or regulator of virulence. The immunogenic
composition of the invention optionally comprises at least or exactly 1, 2, 3, 4, 5 or 6
staphylococcal proteins.

Table 1
11



SEQ 1013 SEQ 10 14 5E0ID 15 SEQ 1043 SEO 1044 SEQID 45 SEQID 46 3EOQ ID 47
SEQ 1048 SEQ 1049 SECID50 SEQID51 SEQID52 SEQ ID 53 SEQ 1D54 SEQ 10
65 SEO ID 56 SEQ ID 57 SEOID 58 SEQID 59 SEQ ID 60 SEQ ID 61 SECID 62 SEQ ID
63 SEQ ID 64 SEG ID 65 SEQ ID 66 SEQ ID 71 SEQ 10 72 SEQ ID 73 SEQ ID 74
Extracellular component binding proteins Extracellular component binding proteins are

proteins that bijd (R RARhEAIRG LRl GPRCBERISOT EHBER BCiidRi lidlmRRIBHeBa,
adhesins. 13 Examples Qe aSRIlHR FRRMACHRIHIRIS L B5aLEIRR IRplyRR AR B IeiRRRLT

(Naidu et from S. aureus and SE indicates a sequence from S. epidermidis.

Name Protein sequence DNA sequence
Immunodominant ABC transporter
SA SEQID 1 SEQ ID 34
SE SEQID 2 SEQID 35
Laminin receptor
SA SEQID 3 SEQ ID 36
SE SEQID4 SEQ ID 37
Secretory Antigen A SsaA
SA1 SEQID5 SEQ D 38
SA 2 SEQID6 SEQID 39
SE SEQID7 SEQ ID 40
SitC
SA SEQID 8 SEQ ID 41
SE SEQID 9 SEQID 42

12



S J. Med. Microbiol. 1992, 36; 177), SIICIMMCisaliva binding protein (US5801234, Wiltshire
and Foster Infeo. Immun. 2001, 59; 5198), BbhA (Williams et at Infect. Immun, 5 2002, 70;
6805), BbhB, Elastin binding protein (EbpS) (Park et at 1999, J. Biol. Chem, 274; 2845), EFB
(FIB) (Wastfel( and Flock 1995, J. Clin. Microbiol. 33; 2347), Ml (Zhang et al FEMS Immun.
Med. Microbial. 2000, 28; 211), autolysin (Rupp et at 2001,1 Infect. Dis. 183; 1038), CIfA (
US6008341, McDevitt et at Mot. Microbic* 1994, 11; 237), SdrC, SdrG (McCrea et at

Microbiology
GehD (US20
US6054572),

J&igg%éﬁs
NbEi (WO 97114799, Boot
B \

SasA, FnbA (Rocketat

Eﬁ?) SdrH (McCrea et at Microbiology 10 20

00, 146; 1535), Lipase

o pial. 199

£0 1090

» 12, 9996EQ Ip 43

hetal26 Eé”lﬁ,d;]m"”un 6q;

345),Co ,gflb 4

binding prote
(Phonimdaen
3999), IsaA/H
(Lang et at FE

symposium onS&t&phA>enmark 14-17tn 2(
\GECEIshiB. et at 1996, J. Bacts

537), SSP-2

m-A\/icai et Al 2000—1—R4
T ST rctar<ovvvu,g. il

gE@PﬁJ?E%S J. Gen Microbio

A7\ _ D
oJ007), CIib

\ALO—-O OO
WO 99/47 UU) |_U|J/'\

11 Paectarinl 109
L J. UabLCIIUI LOJ

iSA fbdMenz at at FEMS Imn
ERFsEPhBUNol, Med. Microbial, 2000, 28EQ1R)1$pPR (Huqc
00), SSP-SEQ/@BMstra et at 1
rial. 178;$37)p1BkDa heparin bindinGpeoteiteHBP

3
L ain and HRERUIAS

996, 1 BaBkRith 4778;

(Fallgren at a 20QihdlehbRChsMHSEABRbSO:

Microbial, 42;
(U85648240)
homologue of
lipoprotein wh
1998 66; 376
40kDa homol
iron-regulateg
Streptococcu
proven or put
biding protein
US5,801,234
the invention.

3al), fibrinogen 20 binding |

547), Vitronectin binding pro

ein (Li et al 2001, Cum

protein, coggylpses Fig (WO

)7148727) g \NAG

tein T_hIS §E%1|6$P tra_mspor

[er proteingehigH iy a

7Y,

ne-is nrncnnf in-S.-hominig

%&/MnlClsallva binding prd
NiC Sigt-o fﬂt%ﬁg th

t is expressed in S. surel

efrnaniae. 1S a highty immur)

ogenic 32k0a

bacterial i

i L,U(,Kdyn

1

et al mregéd M.

IDGDQQ
s

In-S- nnl EQvl

oW aYaY s

t\LJd IIIJUIJI Lg&lllb(%lu [=}

6'}§e/r§ﬁf¢t shows considerab

u\zllllulo tiTlo AU UUI

IPUI [\ | IL UI arl
s-including-FirrA-of

s$Mrasanguis, 30 and with |
p8ife metal iron transport fun

OOt aeteri ot

ctions. Th&EAIREIIfC is incl

poprote|n§EﬁlAD‘£iﬁnly of ABC

TI’FIF\QIDOI’EE‘Q \':Q15|3
ded as arPBS&tBdE|ular

seBoth these proteins have

is&lso a form of SitC and ca

angtmshindnripld@mteEppsporter. The saliva binding proteir]

disclosed in

n be Incluged ip 2p immunog

enic comBexitionsef

fibrinogendgiadmgaactivity an

d trigger SEdineussto

form clumps 4

B
1S, _CIfA

O REPBRIGH PER'SAMA

They cordaiy @ L XTG moti

commongdgdviglls7

associated pr
Coaoulase(F b
in the presen
at al (J. Gen. {

algha 1o

XIn.

E described n UbbUUUd4é€&(ib(2|§ IS descrl

edin Wg@g;g?s%w

384540 1088, 134:75-83)

aureus tog@m %nps

YRALISENKC! IIUIIHUQUII Ulllunlg plutcléé%nllbréérlggers S,
é@f—%&ma—k—ﬁ—deseﬁbedﬂﬁ references re.a?ﬁu to-€Coag

Dhnlmmrl ut S /!\vllGI [SWiH

Idbe |"|| 419
rabinl-100

OO/

LAALAY

FORIOTL99U;

S (J.CL ..$EQ ID 61

404), Cheun
10Microbial, 2

2VOT 3B 3453-3456). Preferr

Jzﬂdﬂrsﬁqur‘t Immun 1995; 63:

1914- 105%'3@@12&mmm et
ed fragmpﬁﬁgfﬂ? lusion in

A A R A

he |mm||r§FfQ:mr62

composition @

fGHé §fvention include the m

ature prot&iaQrdihdfich the sig

nal pepﬂd@&@sﬂ'-b@'bn

removed (am

rnbkislia 27 to the C-terminu

S). 15 SEQ ID 31

SEQ ID 64

CifB SA

SEQID 32

SEQ ID 65

Coagulase SA

SEQ ID 33

SEQ ID 66

FnbB SA

SEQ ID 67

SEQ ID 71

MAP SA

SEQ D 68

SEQID 72

SdrC SA

SEQ ID 69

SEQID73

SdrG SA

SEQID 70

SEQ ID 74

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.
13



Coagulase has three distinct domains, Amino acids 59-297 which is a coiled coil region,
amino adds 326-505 which is a praline 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 is a
fragment which may be incorporated into the immunogenic composition of the 20invenlion
SdrG This protein is described in WO 00/12689, SdrG is found in coagulase negative
25staphylococci and is a cell wall associated protein containing a LPXTG sequence, SdrG

contains a sigag Rithsdo? é%‘&ﬂgﬂ%% Sdnfdi gg ?&eﬁ%nmé@m&ﬁn a?agateéand

collagen b|nd|n arl’ollno adl 49 N2i0s @WiA 0211%

738-809), aS | amlno CI 38 |3I amllno aC|ds

C
1009-1058). PY\Q té“B?Fs e % ﬁﬂ ?1"}?@
and/or théSD%%Q?eg& Qﬁ hg%fﬁ?ﬂﬁrﬁm’}ﬁ’a@@tﬁ@ 98%65@6‘ e
polypeptides cOitiptfdivly BTECOHBISHYRp 7P Blersd 8208 5N ML B §§4@§§%ﬁ%?ﬂ5‘9
acids 50-597 35 {SEM$DMNOR BeyvPigehizb 200, adhirid heide! s (Borr(SEC(H Nolfest:
WO 0317647@)jsartso1ask]s@73 S6(SEa1 | R Btaft \4 GO 3NME4P0). 49840 1R L 5HC,
amino acids 2$8r84rinengidaidabiddy, 2000)0146105230-5@8! dviciDrea cids! 285-828 agly
SEQ ID N@: 78000,2948F Ak350Pafesablyern GokEhonlypertsie baymgraeqrenceaklenst
80%, 85%, 90W 2B 9584 97 "/5988%8&)%45?2)199% heBolepaYsIORbES Y uLP0e OinkEC)
'D NO: 70, 20 '%HJ%Q{BOV énte.mﬁmwﬁwq\ﬂemepaﬂlgﬁb@f thesipvesHion. 27he
compositions % % %f?}r!u?a% e %CE&WIXBBBFG‘% 75),
5 %§h§9

d ibed ab
i G e e

1-713 , 11849, 2@%9!92%% o145 $p9A(L09 o @d’%@‘gg 5 'i"r egf‘?f{] ‘j@"B@IgHé ai%ds

1-630, 1-620, 218MEPBAbUSINAYY Herann 84TBaYUS SESapH ﬂ?wgréqh‘*e%eéq?gb.ég%é%

90%, 929, 9506eETFIR 989b,16884-bBROIRIdEFRiHID SEB-TO\YepBi b 1996, J. Bacteriol
178; 537), 17 kDa heparin binding protein HBP (Fallgren et al 2001, J. Med. Microbiol. 50;

547), Vitronectin binding protein (Li et al 2001, Curr. Microbiol. 42; 361), fibrinogen
20 . binding protein, coagulase, Fig (WO 97/48727) and MAP (US5648240)

SitC/MntC/saliva binding protein

This is an ABC transporter protein which is a homologue of adhesin PsaA in S.

25  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
considerable homology to both adhesins including FimA of Streptococcus parasanguis,

30 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.

The saliva binding protein disclosed in US5,801,234 is also a form of SitC and can be
35 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
40 in the presence of plasma. They contain a LPXTG motif common to wall associated
proteins.
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10 Preferred fragments with the signal peptide deleted have a rnethionine residue at the
N-terminus of the fragment to ensure coneel translation. A more preferred fragment has the
following sequence:- 15
MEENSVOWDMTDDELSDSNDWSDEEKNDVINNNOSINTDMINOTICKEETNNYDGIEKRSE
DRTESTTN
VDNEATFLQKTPONTHLTEEEVMESS2VESSNSSIDTAWPSHTTINREESVOTSDNVEDSHV
SDPANSKI KESNTESGHEENTIEQNSYKERSTE SUSGYTNIDRKISHO o,
LLNLPINEYENKARPLSTTSAUSIKEVTVNOLAABWRIVITALIKVTDQSITEGYDASEGVIKAHD
AENLIY 20

DVTPEVDDK&%@%@@@ DMTVPSDLTDSPTIPKIKDRSGEIZATGTYDNKNICQITYTPTD
YVDKIENFK

ARJALTSYM»&%%@@@%@T%‘ N%gﬁg éﬁﬁ%&ﬁ%&é&%@%&@%ﬁﬁﬁg T

VEQTIYINP L W275.83), Phonimdaeng et al. (Mol Microbiol 1990; 4:393-
[IDDSTII PMVQ@N QNG SN RININISE YiAih NDESY AEH IBNNIRON BHA BANSD S ¥4I KWULISBLYD Y
NKDD 10  Microbiol. 2000; 38:3453-3456).

YTT/QQTVTMWTIMBYTGEPRTASYDNTIAFSTSSOCGWDLPPEXTYKICAYVNEDVDFDGIQ
NTNONEKP 2Breferred fragments for inclusion in the immunogenic composition of the invention include
LSNVLVTLTYRP @Gt PriteiiDik oD@ inKINENtiTy KisTieen REGYETRIMIOHESGTNRALRSE
ONSVWVTINGfekMIdIDSGFYQTPKYSLGNY
WYDTNI@GIOCODEKGISCVKVTLIMENGNISTTTTDENGKYWDNLNSGNYIVRFDKPSOMM

TTTDSGD DD@Q&B&E@WE'E%HQ&%AW%Y@QE&%&E@AM EPhBJIRhRchERNS
are proteins th gg(f)sg ?fﬁég 650,84 %Hﬁ% ﬁeggt.&oaféﬁ ﬁsﬁ&nge&@%mt@anke fret
VY& t gl I

L:B:gzgcﬁr? Oélnce f%ronec(ﬂn IS.an im [?]f%cﬁas abets S%ei C%Rfo 'ﬁ%aaarlgn%ﬁ% MHE % ci
EbhB have an'?rr?po e fg%'|H‘5§JEP§HW§°§P§£)%WFE&%8CW§) { PR Cefoiar matrx heI'he

Ebh protéfhs dr¥6a¥8&, having a molecular weight of 1.1 mogadaltons It is advantageous 40to
use a fragment of the Ebil protein rather than the complete sequence due to ease of
production an@@eT he central region of the protein contains Imperfect repeats which contain
fibronectin binding sites. Fragments containing one or more of the repeat domains described
below are prefeniedfrteyméntsemribecoipova@oninizedse Bdrtunodewd donfoegiticae ofiehative
invention2s  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

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

Preferred fragments of SdrG include polypeptides in which the signal peptide and/or the
SD repeats and the anchor domain have been removed. These include polypeptides
comprising or consisting of amino acids 50-825, amino acids 50-633, amino acids 50-597

35 (SEQ ID NO 2 of WO 03/76470), amino acids 273-597 (SEQ ID NO 4 of WO 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.

40 Preferably, 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.
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5 Ebh proteins contain imperfect repeats units of 127 amino acids in length which are
characterised by containing the consensus sequence:- 1.4.G.{10}A.(13)0.(26)L...M..L.(33)A
Preferably  .(19)1.0.G,i10)A.{1.3}0.(26)1,...M..L.{33}A.112) 15 More preferably
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 /0 20 Wheremeans 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;
12264240, anthg5Eahipstidhe Epert semamebcespubrin Etimprrieinas ragnieadily drdusars
Preferred fragﬁggﬁttgbpgég&mg@gg&me 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 asn'n%‘fgsd{ésg%@wss h%w RS SRISE'Sh Zorkef il aﬁd/& o

30 more epeble e 197 Aol g o '°ﬂe%f <5 SoesDant ’On’t(’%%@vm% o

or more re r‘tonV\ﬁ Om 10nal ernino C|
10 or more reflls it sdlg e?n‘ﬂﬂhyﬁ%ﬁd @%B ﬂ&ﬁﬁ% T Do PR A, dab

repeats (amlnb'eoﬁgdé 8Hb 2880554 edérfed SHQIh Ao ASIHENFRR AR 75 %
6680- 8687, b BltcI9Fradinents HilPBrers iy erdividasbmtPisrenetini &hd/or to elicit
35antibotfles that are reactive against the whole Ebh protein. The Ebb proteins are capable of
binding to fibrBredetied Paghernédvitagheesignaipdgide pelbtpe htide s serjbienioesestaim ahnability
to bind to fibrasrashin &indinggiadiptorasiive cancberansiassed by ELISA as described by
Clail<e el al ( Infection and Immunity 70; 6680-6687
A more preferred fragment has the following sequence:-
15
MEENSVQDVKDSNTDDELSDSNDQSSDEEKNDVINNNQSINTDDNNQI IKKEETNNYDGIEKRSEDRTESTTN
VDENEATFLQKTPQDNTHLTEEEVKESSSVESSNSSIDTAQQPSHTTINREESVQTSDNVEDSHVSDFANSKI
KESNTESGKEENTIEQPNKVKEDSTTSQPSGYTNIDEKISNQDE
LLNLPINEYENKARPLSTTSAQPSIKRVTVNOLAAEQGSNVNHLIKVTDQSITEGYDDSEGVIKAHDAENLIY
20 DVTFEVDDKVKSGDTMTVDIDKNTVPSDLTDSFTIPKIKDNSGEIIATGTYDNKNKQITYTFTDYVDKYENIK
AHLKLTSYIDKSKVPNNNTKLDVEYKTALSSVNKTITVEYQRPNENRTANLQSMFTNIDTKNHTVEQTIYINP
LRYSAKETNVNISGNGDEGST
IIDDSTIIKVYKVGDNQNLPDSNRIYDYSEYEDVTNDDYAQLGNNNDVNINFGNIDSPYITIKVISKYDPNKDD
YTTIQQTVIMQTTINEYTGEFRTASYDNTIAFSTSSGQGQGDLPPEKTYKIGDYVWEDVDKDGIQNTNDNEKP
25 LSNVLVTLTYPDGTSKSVRTDEDGKYQFDGLKNGLTYKITFETPEGYTPTLKHSGTNPALDSEGNSVWVTING
ODDMTIDSGFYQTPKYSLGNY
VWYDTNKDGIQGDDEKGISGVKVTLKDENGNIISTTTTDENGKYQFDNLNSGNYIVHFDKPSGMTQTTTDSGD
DDEQDADGEEVHVTITDHDDFSIDNGYYDDE

30
EbhA and EbhB

EbhA and EbhB are proteins that are expressed in both S. aureus and S. epidermidis (Clarke
and Foster Infect. Immun. 2002, 70; 6680 , Williams et al Infect. Immun. 2002, 20; 6805) and

35  which bind to fibronectin. Since fibronectin is an important component of extracellular matrix,
EbhA and EbhB have an important function in adhering staphylococci to host extracellular
matrix.

The Ebh proteins are large, having a molecular weight of 1.1 megadaltons. It is advantageous
40 to use a fragment of the Ebh protein rather than the complete sequence due to ease of

16



52002). Still further preferred fragments are those which comprise a B-cell or T-helper
epitope, for example those fragments/peptides described in Tables 3 and 4. 10TABLE 2
Repeat sequences in the full-lencith sequence of Ebb. The full-length sequence of Ebb is
disclosed in Kuroda et al (2001) Lancet 367; 12251240. The following table shows the amino
acid residues at which the 127 amino add repeats begin and end within the full length
sequence. 24626634 hn@ 534646 Th2GEAIGT 6588 I 16598 6N LotEsy 196gad B8ade Which

697117097 7098\ 4? Rofrdath IUing AALA R IR QAIARE A &7 BEré/ STtR838p 841/ ERRARY 8
described below are preferred fragments for incorporation into the immunogenic composition

of the invention.

5
Ebh proteins contain imperfect repeats units of 127 amino acids in length which are
characterised by containing the consensus sequence:-
L.G.{10}A.{13}0.{26}L...M..L.{33}A
10

Preferably
.{19)L.G.{10}A.{13}0.{26}L.. .M. .L.{33}A.{12}
15 More preferably

..... I1/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

20
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
25 Table 2, the repeat sequences within Ebh proteins are readily deduced.

Preferred fragments to be included in the immunogenic composition of the invention include
proteins containing of one, two, three, four, five, six, seven, eight, nine, ten or more than 10 of
the 127 amino acid repeat units. Such fragments may consist of 1, 2, 3,4, 5,6,7,8,9, 10 or
30 more repeats of the 127 amino acid repeat region or may consistof 1,2, 3, 4,5,6,7, 8,9, 10
or more repeats with additional amino acid residues present at either or both ends of the
fragment. A further preferred fragment is the H2 polypeptide of about 44kDa spaning three
repeats (amino acids 3202-3595) as described in Clarke et al Infection and Immunity 70, 6680-
6687, 2002. Such fragments will preferably be able to bind fibronectin and/or to elicit
35 antibodies that are reactive against the whole Ebh protein.

17



3879788104

10

15

8482 8808 88048730 88588984

The Ebh proteins are capable of binding to fibronectin. Preferred fragments of these
polypeptides sequences retain the ability to bind to fibronectin. Binding to fibronectin can be
assessed by ELISA as described by Clarke et al ( Infection and Immunity 70; 6680-6687
2002).

Still further preferred fragments are those which comprise a B-cell or T-helper epitope, for

example those fragments/peptides described in Tables 3 and 4.

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.

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
1" 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
20 5711 5837
21 5837 5963
22 5963 6089
23 6089 6215

18



Table 3 B-cell epitope prediction for a 127 amino add repeat The kill-length sequence is
disclosed in Kuroda at al (2001) Lancet 357; 1225-1240, One of these repeats, encoded by
amino acids 3204-33310f the full-length sequence was 5chosen to carry out an epilope
prediction:- IVEDVNT
\INOKAASVKSTKDALDGENNLQRAKTEATNAITHASDLNQAQKNALTQ

5VANI-INQVVQSDNYVNADTNKK.

pin' and "End" COIUMFIS present the position
no acid repeat 15The "Start and "Stop" columns
opes the Ebb till/ length sequence Table 4

[l-length sequence is disclosed in TrEMEL

QVNSAQNVHAYNDIK@ITHSLNTAMBHLKRC
NDYNNAYNTIANDIINGBIAQI-IRVT  ghkhe "Be
of the predicte%_%-cell '@%&;ﬁés_ i thegkd4 ami
present the p nof é)redl rted B=cgliepi
T-helper cell gditopepredictioninEb:—Thefu
databp;se, se¢|u2§n Ee chezr%ce 8!\:\/\/68'3.50.“.6
3204-3331 ofil?t&iu!!-!eﬁ?ﬁﬁ 5seguenddidas ch

30 6971 7097

31 7097 7223

32 7223 7349

33 7349 7475

34 7475 7601

35 7601 7727

36 7727 7853

37 7852 7978

38 7978 8104

39 8104 8230

40 8230 8356

41 8356 8482

42 8482 8608

43 8604 8730

44 8858 8984

of these repeats, encoded by amino acids

osen to carry out an epitope prediction:-

19



MDVNTVNQKAASVICSTIMALDGQQNLQRAKTEATNAITHASDLNQAQKNALIQ
QVNSAQNVHAVNDLKQTTQS'LNTAMTGLKRGVANHNQVVQSDNYVNADTNKK
NDYNNAYNHANDIINGNAQHM 10 Position reps t Epttope sequence Position sequence
1 IVIDVNTVNOK 3204 3 1i VNTVNOKAA i 3206 6

10

15

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:-

MDVNTVNQKAASVKSTKDALDGQQNLQRAKTEATNAITHASDLNQAQKNALTQ
QVNSAQNVHAVNDIKQTTQSLNTAMTGLKRGVANHNQVVQSDNYVNADTNKK

NDYNNAYNHANDIINGNAQHPVI

Begin | End | Epitope sequence Start | Stop
5 10 | TVNQKA 3208 3213
14 19 | KSTKDA 3217 3222
21 33 | DGQQNLQRAKTEA 3224 3236
42 51 DLNQAQKNAL 3245 3254
66 74 | DIKQTTQSL 3269 3277
100 112 | ADTNKKNDYNNAY 3303 3315
117 123 | DIINGNA 3320 3326

- The “Begin” and “End” columns present the position of the predicted B-cell epitopes in

the 127 amino acid repeat

- The “Start” and “Stop” columns present the position of the predicted B-cell epitopes in

the Ebh full length sequence

20
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VNGIKAASVK 3209 26 LGRAKTEAT1 3229 37 ITHASDLNQ 3240 43 LNQAOKNAL 3246
51

Table 4 T-helper cell epitope prediction in Ebh :

The full-length sequence is disclosed in TrEMBL database, sequence reference
QB8NWQS6. One of these repeats, encoded by amino acids 3204-3331 of the full-length
5 sequence was chosen to carry out an epitope prediction:-

MDVNTVNQKAASVKSTKDALDGQQNLQRAKTEATNAITHASDLNQAQKNALTQ
QVNSAQNVHAVNDIKQTTQSLNTAMTGLKRGVANHNQVVQSDNYVNADTNKK
NDYNNAYNHANDIINGNAQHPVI

10
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 B
74 LNTAMTGLK 3277
78 MTGLKRGVA 3281
81 LKRGVANHN 3284
85 VANHNQVVQ 3288
91 VVQSDNYVN 3294
92 VQSDNYVNA 3295
97 YVNADTNKK 3301
98 VNADTNKKN 3302
108 YNNAYNHAN 3311
112 YNHANDIIN 3315
118 IINGNAQHP 3321
119 INGNAQHPYV 3322
- The “Position repeat” column presents the position of the predicted T-cell epitopes in
the repeat
- The “Position sequence” column presents the position of the predicted T-cell epitopes
15 in the Ebh full length sequence
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LTQQVNSACI 3254 55 VNSAONVHA 3268 61 VHAVNDI1KQ 3264 64 VNDIKQTTO

3267 67
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IKOTTOSIN 3270

Fragments of the proteins of the invention may be employed for producing the corresponding
full-length polypeptide by peptide synthesis; therefore, these fragments may be employed as
intermediates for producing the full-length proteins of the invention.

Particularly preferred are variants in which several, 5-10, 1-5, 1-3, 1-2 or 1 amino acids are

substituted, deleted, or added in any combination.

Elastin binding protein (EbpS

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).

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).

A preferred 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). Some preferred 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
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

The laminin receptor of S. aureus plays an important role in pathogenicity. A characteristic
feature of infection is bloodstream invasion which allows widespread metastatic abscess
formation. Bloodstream invasion requires the ability to extravasate across the vascular
basement membrane. This is achieved through binding to laminin through the laminin
receptor (Lopes et al Science 1985, 229; 275).

Laminin receptors are surface exposed and are present in many strains of staphylococci
including S. aureus and S. epidermidis.

22



74 LNTAMTGLK 3277 78 MTGLKRGVA 3281 81 LKRGVANHN 3284 85 VANFINQVVO
3288 91 1 VVQSDNYVN 3294 92 VOSDNYVNA 3295 97
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SBlI

Sbi is a second IgG binding protein in addition to protein A and it is expressed in most
strains of S.aureus (Zhang et al 1998, Microbiology 144; 985).

The N-terminus of the sequence of Sbi has a typical signal sequence with a cleavage site
after amino acid 29. Therefore a preferred fragment of Sbi to be incorporated into an
immunogenic composition of the invention starts at amino acid residue 30, 31, 32 or 33
and continues to the C-terminus of Sbi, for example of SEQ ID NO: 26.

The IgG binding domain of Sbi has been identified as a region towards the N-terminus of
the protein from amino acids 41-92. This domain is homologous to the IgG binding
domains of protein A.

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

QTTONNYVTDQQKAFYQVLHLKGITEEQRNQYIKTLREHPERAQEVFSESLK

*Kh wKhKk * *k Kk * * * * *

* - denotes amino acids which are similar between IgG binding

domains

Preferred fragment of Sbi to be included in the immunogenic composition of the invention
contains an IgG binding domain. This fragment contains the consensus sequence for an
IgG binding domain as designated by * as shown in the above sequence. Preferably the
fragment contains or consists of the complete sequence shown above. More preferably,
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.

Preferred fragment may contain 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 amino acid substitutions from
the sequences indicated.

Preferred fragments may contain multiple repeats (2, 3, 4, 5, 6, 7,8, 9 or 10) of the IgG
binding domain.

EFB - FIB

Fib is a 19kDa fibrinogen binding protein which is secreted into the extracellular medium
by S. aureus. It is produced by all S aureus isolates tested (Wastfelt and Flock 1995, J.
Clin. Microbiol. 33; 2347).
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YVNADTNKK 3301 98 VNADTNKKN 3302 108 YNNAYNHAN 3311 112 YNHANDIIN
3315 118 I IINGNAOHP 3321 119
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S. aureus clumps in the presence of fibrinogen and binds to fibrinogen coated surfaces.
This ability facilitates staphylococcal colonisation of catheters and endothelial cells.

Fib contains a signal sequence at the N-terminus of the protein with a putative cleavage
site at about amino acid 30. Therefore a preferred fragment to be introduced in the
immunogenic composition of the invention would contain the sequence of the mature
protein (from about amino acid 30 to the C-terminus of the protein).

Ebe — EfB/FIG

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
(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 preferred fragment of Fbe contains the mature form of Fbe extending from
amino acid 52 to the C-terminus (amino acid 1,092).

The domain of Fbe from amino acid 52 to amino acid 825 is responsible for fibrinogen
binding. Therefore a preferred fragment of Fbe consists of or contains amino acids 52-
825.

The region between amino acid 373 and 516 of Fbe shows the most conservation
between Fbe and CIfA. Preferred fragment will therefore contain amino acids 373-516 of

Fbe.

Amino acids 825 — 1041 of Fbe contains a highly repetitive region composed of tandemly
repeated aspartic acid and serine residues.

IsaA/PisA
IsaA is a 29kDa protein, also known as PisA has been shown to be a immunodominant
staphylococcal protein during sepsis in hospital patients (Lorenz et al 2000, FEMS

immunol. Med. Microb. 29; 145).

The first 29 amino acids of the IsaA sequence are thought to be a signal sequence.
Therefore a preferred fragment of IsaA to be included in an immunogenic composition of
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INGNAQHPV 3322 The "Position repeat" column presents the position of the predicted Tce
epitopes in the repeat The "Position sequence column presents the position of the
predicted T-cell epitopes 15in the Ebh full length sequence Fragments of the proteins of the
invention may be employed for producing the corresponding polypeptide by peptide synthesis;
therefore, these fragments may be employed as intermediates for producing the full-length

proteins of the jnveRtiRibn RAKEWantyiR SiRrEe Rl eoxatiantsoipnvRils Severabrid- b0 tHe Toded,
1-2 or 1 aminog@gids,ae substituted, deleted, or added in any combination. Elastin

bindingprotein (EbpS) 10 EbpS is a protein containing 486 amino acids with a molecular
weight of 83k0§ It ise ssogi "ged vvti(tal‘nnthe cytoplasmic membrane of S. aureus and has three
hydrophobic reg%%%—%%h-@o% rotein in the membrane (Downer et al 2002, J. Biol.
Chem, 2775, 243; Packet al 1996, J. Biol. Chem. 271; 15803). 15 Two regi]ions be,twee(rj)i amino

acids 1-205 anGitsaneABeoHIding  FrRlRineR FOBLANS n SR TAKS SHh R RYRIESHIiinding to
membrane. ThEblepestini@IRs/d8RAINTBRED S ralge R drethben BdidUstsiod Segments of
N-terminus (Pdittarteatil 9B9ing. BiteirOhent 2qupres) comsipb it & iRy RénPiddse D2-D3.
incorporated int3-i MMrdanDZEA crddPasition of the invention is the surface exposed
fragment gpntaining the elastin binding region (amino adds 1-205). Some preferred fragments

do not contain gigdspatir BxeagerleprRibinbaud sanmitithegalastigueindinmregintpgamino
acids 14-34). An alternative fragment which could be used consists of amino acids forming the

second surfacg, 8X0QSErk 0P PO ZrARIGR:343:406). Alternative fragments containing up
to 1, 2,5, 10, 20, 50 amino acids less at one or both ends are also possible. Lan mil receptors
30The laminin receptor of S. aureus plays an important role in pathogenicity. erjstic
feature o?ﬁecﬁBﬁoﬁa@ﬁbéaestrgg%r?n arS|8'rr1', Wonrrlrﬁéﬁngl%&ss v?/l@easlprsg %gﬁ]%tagaiﬁg a %saigés{ﬁg

formation. BlodBSHIZATHALRTBATER B AIRY to extrayasate, across the vascular

basement membrane. This is achieved through binding to taminin through the laminin
receptor (Loped N RUISTRIPERINS 29; 275).

20 The cell wall of Gram positive bacteria acts as a barrier preventing free diffusion of
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

25 into the bacterium.

Molecular iron is an essential co-factor for bacterial growth. Siderophores are secreted
that bind free iron and then are captured by bacterial surface receptors that deliver iron for
transport across the cytoplasmic membrane. Iron acquisition is critical for the

30 establishment of human infections so that the generation of an immune response against
this class of proteins leads to a loss of staphylococcal viability.

Examples of transporter proteins include Immunodominant ABC transporter (Burnie et al
2000 Infect. Imun. 68; 3200), IsdA (Mazmanian et al 2002 PNAS 99, 2293), IsdB

35 (Mazmanian et al 2002 PNAS 99; 2293), Mg2+ transporter, SitC (Wiltshire and Foster
2001 Infect. Immun. 69; 5198) and Ni ABC transporter.

Immunodominant ABC transporter

40 Immuncdominant ABC transporter is a well conserved protein which may be capable of
generating an immune response that is cross-protective against different staphylococcal

25



35 Laminiri receptors are surface exposed and are present in many strains of staphylococci
including S. aureus and S. epidenvidis. Sig Shi is a second IgG binding protein in addition to
protein A and it is expressed in most strains of S.aureus (Zhang at al 1998, Microbiology 144;
985). The N-terminus of the sequence of Shi has a typical signal sequence with a cleavage
site after amino add 29. Therefore a preferred fragment of Shi to be incorporated into an
immunogenic geaRAQRIENS of therinnantiarosiartssasaeninatiaciticresidinet s BhtE2 8 Beend
continues to thg, Q4 muRssOkikde fREs I BleraE SEP2000N Rre26 Iiduhhesig2ob)nding domain
of Skil has been identified as a region towards the N-terminus of the protein from amino adds

41-92. This domain is molg%gugft%'aﬁ %.RM'%EO’PQAQEOREPVW'%uéﬂH@ B
igG blndl ﬁ

R L more referabl
QTTONN w«fgg%qg F_ FS sncéo*
- denotes amn‘.%'%‘&@% @N&“%Ss rTTYA %lfw indf aomaln erre ment of
Shi to be inciuteae SaRENTRR GRRIGE AR OBRS Rt Bt RAOgS E’ﬂ?ﬂ‘ﬁ@ﬁ{hmg‘%ﬂ? é ding

domain. This fragment contains the consensus sequence for an 25 lig0 binding domain as
designated bylagAstsd@/n in the above sequence. Preferably the fragment contains or consists
of the complete sequence shown above. More preferably, the fragment contains or consists of
amino acids 3G+ is¥393nd9-GrbnISglhicd0 <A cS deldtnidintg 50, 33-26@180180Ie33-0160s
33-170, 33-18f33nd 2R 38n3BR0gRBLADEIAING andlih eagbbifRacn atiethé SEIAEMN @ti2ée B0
Preferred fragmantmay £RBIRAI dutdert. faR HaTlsds Sre RN aciccaubisiitationpripoodbe
sequences inqleglCtne, P{@fséreeq segansntw@quw BRI TEPRER R Sushepie 7B, 9
or 10) of § %5 hjp doma'“r%EE iy g&%@eg@gﬁegmmg RifteiRgubich
is secrete |nt e exFrace I’ §2g0|§ o UCQQg ¥0% aureus
isolates testedRATSIHIPSRE'H1S ‘i@@lgnj anlan d clence

IsdA and IsdB are both 29kDa proteins which bind heme. Their expression is regulated by

the availability of iron via the Fur repressor. Their expression will be high during infection

20 in a host where the concentration of iron will be low.

They are also known as FrpA and FrpB (Morrissey et al 2002, Infect. Immun. 70; 2399).
FrpA and FrpB are major surface proteins with a high charge. They have been shown to
provide a major contribution to adhesion to plastic.

25
In an embodiment, the immunogenic composition of the invention comprises a fragment of
IsdA and/or IsdB which is described in WO 01/98499 or WO 03/11899.
Toxins and regulators of virulence

30

Members of this family of proteins include toxin such as alpha toxin, hemolysin,
enterotoxin B and TSST-1 as well as proteins that regulate the production of toxins such

as RAP.

35 Alpha toxin (Hia)

Alpha toxin is an important virulence determinant produced by most strains of S.aureus. It
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

40 (Adlam et al 1977 Infect. Immun. 17, 250). Human platelets, endothelial cells and
mononuclear cells are susceptible to the effects of alpha toxin.
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Ivlicrobiol. 33; 2347), S. aareus dumps in the presence of fibrinogen and binds to fibrinogen
coated surfaces. This ability facilitates staphylococcal colonisation of catheters and
endothelial cells. Fib contains a signal sequence at the N-terminus of the protein with a
putative cleavage site at about amino acid 30. Therefore a preferred fragment to be
introduced in the immunogenic composition of the invention would contain the sequence of
the mature protein (from about amino acid 30 to the C-terminus of the protein). 10 Fbe
EfBiFIG Fbe isradfinginaainindipe: noeieiad s i unshanianan yiisotiiesiefde baidpostdissand
has a deduced malaGHAENEiIbtLeh bAAURANIFEAAtAEARRNTBEIndmRaLBy BGaRASANNItS
sequence is rglaie G tg%t%ﬁ?ﬂ?fﬂgef%?&?ﬁéf%s&i%wéa M -oPBieretiasAaiRRighRide
can blockéhe | mg A iderrnidis %qlé)bimgseﬁeggﬁggg @Ws and to catheters (Pei and
"“Foe

Flock 2001, JIREEEDR pfgp: gé) as a putative signal sequence with a cleavage site
between amino acids 51 and 62. Therefore a preferred fragment of Fhe containﬁ?}ge m

ture

form of Fbe exAdHAIRE 1R STEMIRG '9UNs’ 18 e crpAiih MR S"ALIE™CYY .CI'_IIXéNamL!Ie
domain of FhereiringriinariierMSHy6f AsitRxAcTN B 28"y eUpolaRe RS MRy 8h B A
Therefore a préfeirekitadgritemest Ristdineimeidtyrdy w@resdIVEhAHeqsiR sesidugBsubs i
region beiiveerzmnviri ohiricBY 3vaitd Bl@roid-bershogesitity (Meseiesansrieierdctdrseinfast
and CliA. PrefeniednhfragmesaoilHttaieéo 85 cappsrs amibo eriticsl 3013164 G oibPbeli@oremigakion
acids 825 - 104k ek e portainfsidhahlymepebivethegiesidoenspes edaftaitdeititly repeated
aspartic acid and serine residues. IsaA/PisA 35 isaA is a 29kDa protein, also known as PisA
hatsf bete” Sho‘%%%;fc%;gg%@%ﬁmmﬁ%é n&ngg@g%wm%ﬁggmms
patients (lorenz et al, xitiedt by HUYARSH: OF AR 35! thB5 preferdbly by repEing His- 353 Ceu
acids of the 'S%}A‘ E{)egq rﬁ%ﬁ%@é%é?ﬁ%i&&%eﬁls' el seduence, Hﬁgr@)'%@?ﬁﬁg%t%ﬁgr%r
fragment of lsaoén;[poggnltgcg) 1S }rr;,r?,ﬂn'{,“gg‘n?é‘% %Bbsiﬁgrﬁf‘ %?gfgrgglf capsular polysaccharides or

LTA, most preferably to S. aureus type V polysaccharide and/or S.aureus Type VIII

polysaccharide and/or PIA.

20

RNA Il activating protein (RAP)

RAP is not itself a toxin, but is a regulator of the expression of virulence factors. RAP is

25 produced and secreted by staphylococci. It activates the agr regulatory system of other
staphylococci and activates the expression and subsequent release of virulence factors
such as hemolysin, enterotoxin B and TSST-1.

An immune response generated against RAP would not kill the bacterium but would
30 interfere with their pathogenicity. This has the advantage of providing less selective
pressure for new resistant strains to emerge.

It would have a second advantage of producing an immune response that would be
instrumental in reducing the morbidity of the infection.

35
It is particularly advantageous to combine RAP with other antigens in a vaccine,
particularly where the additional antigen would provide an immune response that is able
to kill the bacterium.

40 Other immunodominant proteins
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the invention would contain amino add residues 30 onwards, to the end of the coded
sequence Fibronectin binding protein 5 Fibronectiri binding protein A contains several
domains that are involved in binding to fibronectin (VilCi 94/18327). These are called D1, D2,
03 and D4. Preferred fragments of floronectin binding protein A or B comprise or consist of
D1, 02, 03, D4, D1-02, D2-03, 03-04, D1-a3, 02-D4 or 01-04. 10 Fibronectin binding protein

contains a 36 gmi id signal seauence, £ar example: SIMITLR KG

ILGMIt\éPIaeTMEJpE %onally, %he mature protein omitting this signal sequence

is included in the immunogenic composition of the |nv t|on Tr r ell

wall of Gram pEaidvE PAUBALSIGL MLHS RSP r'%'vfé) Tk é%%z u%? S, éﬁ@ﬁ ,&9%{?%,% the
"ﬂ‘R!F 8 s prote

bacterium. A fafilfaessdiuaseiBirl Lfackd as84y E%Tﬁuef(r?enﬁsm %lﬁw
bacteriumSandPEreuaed riiesiicaibelafrarmayetyial b‘H'Rﬂ"BﬁH%/B%&?é’ﬁﬁ?ﬁ G\'H%'f@’ G aﬂsgb%pfgr
protein coversiproatims Antbiviiesinanioshitien sepabiadirybb bisbtaniredien dnadnbl fewell
as those involaecuinutetivrediySrapipanidig the metabolite 25into the bacterium. Motecular iron
is an essential co-factor for bacterial growth. Siderophones are secreted that bind free iron

and then are capniRstER:D3esrRhsHntRes Bagaptors that deliver iron for transport across the

cytoplasmic membrane. Iron acquisition is critical for the 30establishment of human infections

so that the 96%@5% LT ABIGIHRELFBSBRESE-AeRINs bidslassHal Breminsleaseus aness, of
staphylococca eﬁf erm'nIcYS (Lang et al 2000 FEMS Immunol. Med. Microbiol. 29; 213). Its expression
during endocarditis suggested a virulence role specific to the pathogenesis of the
infectious disease.
15
SsaA contains an N-terminal leader sequence and a signal peptidase cleavage site. The
leader peptide is followed by a hydrophilic region of approximately 100 amino acids from
residue 30 to residue 130.

20 A preferred 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-terminus).

A further preferred fragments contains the hydrophilic area of SsaA from amino acid 30 to
25 amino acid 130.

Preferred combinations

Staphylococcal infections progress through several different stages. For example, the
30 staphylococcal life cycle involves commensal colonisation, initiation of infection by
accessing adjoining tissues or the bloodstream, anaerobic multiplication in the blood,
interplay between S. aureus virulence determinants and the host defence mechanisms
and induction of complications including endocarditis, metastatic abscess formation and
sepsis syndrome. Different molecules on the surface of the bacterium will be involved in
35 different steps of the infection cycle. By targeting the immune response against a
combination of particular antigens involved in different processes of Staphylococcal
infection, multiple aspects of staphylococcal function are affected and this can result in

good vaccine efficacy.
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Examples of transporter proteins include Immunodorninant ABC transporter (Burnie et at 2000
Infect, Imun, 68; 3200), isdA (Mazrnanian et al 2002 PNAS 99: 2293), isdB 35(Maztrianian et
al 2002 PNAS 99; 2293), Mg2+ transporter, SitC (Wiltshire and Foster 2001 Infect. immun. 69;
5198) and Ni ABC transporter, Immunodominant ABC transoolier 40 Immunodominant ABC
transporter is a well conserved protein which may be capable of generat:ng an immune
response that is ﬁaﬂwai’o&emfwﬁagsibst:ei'rﬁmenmnaﬁ)Iﬁptocﬁiﬁeahtstlaﬁs&s(ﬁ@%phwm%?armoI.
Microblol. 26; ool W BBMER GRS LAIR. rigiRiIRhAYe e MR iR RATISESNER or other
septicaemia (Burnie et at 2000, Infect, Immun, 68; 3200). Preferred fragments of
imunodorninarfeRERE" &5 4pEiRER wiPHREI e HREh el Bﬁl—?ﬁLﬁg@&ﬁD %dv&“rf‘%ﬁ{%
GMTTSLS, Vmommnmmgqmaéena&ﬂgdHMMMW@NQGM@?WQHWWWW
and/or TEEFLRGL GRICFoh since these sequences contain epitopes that are recognised by

the human immune system. IsdA-IsdB 10 The isd genes (iron-regulated surface determinant)

of S. sureus encode proteins responsible for haemoglobin binding and passage of haem iron
to the cytoplashemesrsnbinations ekantioessarnipdiickirsieTeatardNdena R IFEAYEE P8l
wall of staphylpsRCeinl$iAnBRNRad iSither expanmthomdbiel sisdace xf bexttdsbdnnsineeibisples

suscepible to 1 aptoleingse K JI0esion. IoB.uah Bediabnilosing susgsstna ik bisn

partially expose acterlum (Mazmanian at at 2003 Science 299; 90

lectA and1%detar*?-.eWQQK%WOMWYFtﬁ%WSﬂﬁ@mQQB?@é%|8‘H"igmé§L?&Fé@tﬂ he
availability of imyraviartiverraircrapsesssticsT bicinecipressioespatiseddige ahligay tofebitiatioR0ime

host where th‘ﬁﬁ%@%ﬂ%@:‘i&%\%@@@ Wél!énz o&eanaﬂ%aééﬁééew&&%fﬁ%@aﬂéne&hey
a

(Morrissey et Infect Immun. 70; 2 %and Fr B are ma or sur g}ce otequs with

a high charge. '8kl t?&ﬁé"b*@@f?%ﬁ&&ﬁ{%‘ﬁ% 8tet B[67 Lo %%n x-oly S|on o plastie.
In an embodinehfota nnhnwhbg@ﬂmlédmgmmﬁmh%miﬁﬁ Fippstinseelisitadgentst e

EsdA andier 156w biegds. mmg iﬁb\é@g@ﬁé%‘ﬁ%mrew& Q3ALESADIn EoimsuBtichrewpitlagors
of virulence Mem $ ??fthls fam oftprotefln%tl?g#%e {,éggcpglmqﬂg me}ggggggy%h

enterotoxin B AN TSSO TSL A4S well a8 protelnst gulate t e production of toxins such as
RAP. beyond a critical threshold. At this critical level, sufficient antibodies of sufficient quality

bind to the surface of the bacterium to allow either efficient killing by complement or
neutralisation of the bacterium. This can be measured in either an animal challenge model

20  or an opsonisation assay as described in the examples.

Preferred immunogenic compositions of the invention comprise a plurality of proteins
selected from at least two different categories of protein, having different functions within
Staphylococci. Examples of such categories of proteins are extracellular binding proteins,
25 transporter proteins such as Fe acquisition proteins, toxins or regulators of virulence and

other immunodominant proteins.

In a preferred embodiment, the 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 or
30 3 different groups selected from;

e Group a) extracellular component binding proteins;

e Group b) transporter proteins;

e Group c) toxins or regulators of virulence.
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35 Aloha toxin (Hal Alpha toxin is an important virulence determinant produced by most
strains of S.aureus, it is a pore forming toxin with haemolytic activity. Antibodies against aipha
toxin have been shown to neutralise the detrimental and lethal effects of alpha toxin in animal
models 40(Adlam et al 1977 Infect. 1mm-run. 17; 250). Human platelets, endothelial cells and
mononuclear cells are susceptible to the effects of alpha toxin. The high toxicity of alpha toxin
requires that itghguihe-detexifisshgiormbeinmusaRae aBifaIBINgRNhE hisveatobErurther
achieved by chemical lrealment, feriBRiaDes By Y sriRawthdoamaldehye seltrrridanyds of
other CI‘OSS-|II’I§I%%§&B\%§ og;{é)g{ chemicaiiy conjugating 5it to bacterial polysaccharides or to
LTA as described below er way of removing toxidty is to. intr int.mutations that
remove toxicity Wﬂﬂ%uPe@ihiﬁ ﬁ?@ta?ﬂéélﬁgwogf) ﬁ%’e}t%ﬁr% eﬁl%rin%%%?ﬁt‘i%ﬁ%&%%oﬁé@n%éﬂon
at amino atid 35 gﬁ%?ﬁ?{ﬁ té%ﬁe\ﬂfhe?féeétﬁﬁ’stiaﬂ% r%d&%reﬁ?&é@%’\%iﬂ?a elcine residue’
results in the 10 réfYateaixrRpdingISrotainiy AR RoGEsiany %ﬂ@éegh&ER%%i I
1996; Infect, Imrnt&iR) 63811 8B SNt SES Fseatsitd. Herast @ghBr B3 oy FnbB, Cna,
oligomerization reQifebfdy, PmasE dsarsRisn aBehm RBBo R YPthiS $Estd iBRe Yinssia dipding
toxicity. When incprgteirg titdinotzmbimding getet coragosstofig efidddARvention, alpha toxin is 15
preferably dletaxifigdpypnuseiias ohéligaghyloaostapeiespdityryateplacing MenChendt detrcied
Arg. in an alternatiugremborileBinaiIRG WximdsuAcieNifiast BCOBRIGRbAEY losathasdB, Mg2+
components (4 th%ggmg%gg@mm%sgmably capsular polysaccharides or LTA,
most preferably tgﬁﬁ%&% YRS ShPRINSARGHRTCE SRRF S AHIRHET YRR Y IraghsRekaEde
andfor PIA. 20 R selectgl rf]r\()ffl\r'l“ph%'8&%3'(r:]onsisting of alpha toxin (Hla), alpha toxin H35R mutant, RNA

15 Il activating protein (RAP).

In a preferred embodiment, the immunogenic composition of the invention contains at
least one protein selected from group a) and an additional protein selected from group b)
20 and/or group c).

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

25
In a further embodiment, the immunogenic composition of the invention contains at least
one antigen selected from group ¢) and an additional protein selected from group a)
and/or group b).

30

A preferred 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
35 consisting of immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC, Ni

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

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

invention comprises SitC and 1, 2, 3, 4 or 5 further antigens selected from the group
40 consisting of immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC, Ni

ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.
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RAP is not itself a toxin, but is a regulator of the expression of virulence factors. RAP is 25
produced and secreted by staphylococci. It activates the agr regulatory system of other
staphylococci and activates the expression and subsequent release of virulence factors such
as hernolysin, enterotoxin B and TSST-1. An immune response generated against RAP
would not kill the bacterium but would 30interfere with their pathogenicity. This has the
advantage of providing less selective pressure for new resistant strains to emerge. It would

have a secong,aglyagf @Irgéomm'w%.ﬁgsmow‘mﬁmwmcbeomaamsmalm
g e Y e | b e
imimune rospoiE I € ORI IR A er.fu%qs Gl LT .
Accumulatfion %@9&@5?88"ﬁr&!8ﬂ? %%)a,kﬁ’gﬁ p Tk 61% H‘\‘/'V?lldh IS éssgnatlal ort e
accumulation of S. epiefermidis strains on surlaces (Hussain at al Infect. irnmun, 1997. 65;
519). Strains exphebs graies estotembinplion i cerarjRsfidag Iﬂ‘r’@lé?%%rﬂ%"%ﬁoémﬂﬂw%ﬂ&?
Aap appear toibe@itiooleerdpirsesofibhBoandatio?. Antileo diderthenantoanspsalectar | Ea® WRiBrewot
urn formation aoasistindpiotherawadoiaticAEICSr apicetendisi/GtagBy Mgdt derSpatetoSitantidien
SsaA 10 BraAnisatsirepatyraipnanegenip paaikin 9 R0RR & S5aNduRMORAS. Aeprents $uad.S.
epidermidis (Lang at al 2000 FEMS imrnunol. Med. Microbiol. 29; 213). its expression during
endocardiis suaqesigd AolENcs Bl ARPCHadRS RRORRRSIGlribcdsReinR dFarse.
15 Ssah contamvzﬁram EHH%@' 8 q&qve@%ﬁ ang éﬂ&ﬁ@'maaﬂ@@aéé@a\mﬁ fiteyrhe
leader peptlde Is followe nanl(c rggl?rg ag&glﬂ 2qnt’p fﬁgp féﬂ{-p Ni
residue 3 to r rs e if erre(li I_E ﬁé‘f&ﬂ? e |tncperR§a int
immunoge gg S@gﬁ%’ﬁte& ?H)ép VER3R ade up of the mature. proteih AMino agﬁs 27
to the C-terrnlnus or amino acids 30 to the C-terminus). ) . N

A further preferred 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 immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC,

20 Ni ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.

A further preferred 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 immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC, Ni
25  ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.

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

invention comprises autolysin and 1, 2, 3, 4 or 5 further antigens selected from the group

consisting of immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC, Ni
30 ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.

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

invention comprises CIfA and 1, 2, 3, 4 or 5 further antigens selected from the group

consisting of immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC, Ni
35 ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.

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

invention comprises SdrC and 1, 2, 3, 4 or 5 further antigens selected from the group

consisting of immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC, Ni
40  ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.
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A further preferred fragments contains the hydrophilic area of SseA from amino acid 30 to
25amino acid 130. Preferred combinations Staphylococcal infections progress through several
different stages. For example, the staphyloroccal life cycle involves commensal colonisation,
initiation of Infection by accessing adjoining tissues or the bloodstream, anaerobic
multiplication in the blood, interplay between S. anus virulence determinants and the host
defence mechanistns: anerinddctionmiztiomolioptans incltitingnendoganiditmnmettistatid the
abscess formgfigRidRtsapiesyssoaR Rifferent saecules anigbrsuitacel diotherzagtanum
will be involved,ip; %@f&rﬁ%éﬁsme}&eplﬁtemﬁ cYi6le 1R asgsting Zharimpsns, reBpONse
e SRR &ﬁﬁemmlx 4 BifRIesH RragRSsREF{FStaphylococcal

infection, multiple asp of sta ococcal function are affected and this can result in good

vaccine eff cacy In partl ar, com tions of certain. antigens from diffe e e
of which are iAvENRE"iP (’J%{éeﬁoﬁofg Wag?'?:ecf prsoo?r'lnes 0 r}h AT IO Hb%%%% %{Jiﬁtglr(])n

e
or other transﬂl?{ﬂ%tﬂ%ﬁem?ﬁ§e%o$i‘?5"o‘l‘%hﬂcr?a?e s 'ﬂ)rlﬂ}%( 398@ 8?'\??3% r8e angroup
|mmunodom|M§'§Fﬂ@éﬁ§%¥ﬂ@ﬁ@"@'ﬁ?ﬂﬁ$ﬁﬁ@?@%ﬁﬁﬁs§%l Brifeetst %&hﬁﬂ&lé\"
5stages of infé&hasontiercetpiisitetioraipbs endRs PR pRaR M eRAB farANARFhg an
immune tésponse. This can he measured either in animal model assays as described in the
examples andéofuisiag @efepsoncipbagiaytif asseinasrddéseribetinvdheie xamprdetonVith du

wishing 10 to fgdaasmddmptaesryipsusitenieciive tampjnasichf.ahaniigigessaselditodiflottahbe
enabled by a %W}P@ér%fs’ﬁh&@%ﬁﬁ&ﬁ%ﬁ*ﬁﬁm KBOHERsHRRBRMSEAIOSHE: MgLigeaneporingtion.
The antigens fhegaselyasatad/SualY SXBRSEHANRR Sbcor i BuminlesaccrRheelisadhau

lend to b cor% xed but also tend not to be present in sufficient quantity on the surface cell
for an optimal ericidal response to take place using antibodies elicited against the 15

single antigen. Combining the antigens of the invention cgn result in aformulatlon eI|C| an
advantageouﬁc&fﬁB?ﬁaW F??S‘F‘éﬁ:f?gﬁ oy, ir?'iﬂ?%?éc‘[ RS ﬁmlc%{;:?(r:n g su“lgbe %%d a

critical threshWeniehrOwRTiESY I&ASP &fticlert Anticoai é%?%ﬁf’ﬁ'@ pup
surface of thedoasktingrafiEnangademtieant fBfeHaamrg By ‘et SdmMeDt HalRPaieLtiBt Cofthe
bacteriuif) ThABEainabepaitsastlpbd texisitaehaiodn il PRIEHTE M PAfor aR 8psSaféation
assay as described in the examples. Preferred immunogenic compositions of the invention
comprise a plwdlitgshef preteirs seiedtestifrornf girtldeiss tino thifferemtregtedp riespdsiianed, the
having differepivintctiaitsphtiia Btaphatacacal. &xaon@dsnbesantigeategtetaidfqondte ngoape
extracelluiar bigaingidy FeinemAeianFaRI IEROrPIRkIRRICHsaA, AsdaraniaitionraieinsStaXins or
regulators; of Vigpenaa A5 otie ik RRHQ TR MEBIAHHNTEER mutant, RAP, Aap and SsaA.

A further preferred 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, Mg2+ transporter, SitC, Ni
30 ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.

A further preferred 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, Mg2+ transporter, SitC, Ni
35  ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.

A further preferred 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, Mg2+ transporter, SitC, Ni
40  ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.
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In a preferred embodiment, the 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 or 303 different
groups selected from; Group a) extraceliular component binding proteins; 0 Group b)
transporter proteins; Group c) toxins or regulators of virulence. In a preferred embodiment,
the immunogenic composition of the invention further comprises a number of proteins equal to

or greater thag 4,34 5O CCERBHARN & QAR Iplo Wb oS GrauiRdn 3t aas!
one staphylococca} extracellular l_clg)éﬂpqlr&eqt bingd 'Q%PSQU?{F\'eP ﬁ@g@g&é@@@%,ﬁq@ tgufrom

the group congist In o? iNin rec tor1 %% I\{Intelsa Iva bi +, |':a Elﬁstm
binding protei ﬁ &ééﬂ %?gse ﬁé
SasA, EnbA, ﬁ%é’%ﬁ%@ffé'ﬂ'—“ﬁé%"h@'@%‘%/ém

Vltronectlﬁ binding protein, fibrinogen binding protein, coagulase Hg and MAP 10 grou
-at least one s%aﬂlﬁ%@'c@&faﬂﬁ@rmﬁﬁﬂ!éﬁ*'sﬂof&W@Hfﬁgfﬁéﬁ?tﬁ@%ﬁpgé%‘bté?m%m'?ﬂe ﬁ'l‘?p
consisting of limentivodmminiaas ABGseandpdridr3I$di, 3 dethenrytisans 36ie6Hee residngraup
ABC transportenmsistiggoofpienuabdeathame\B tlaykpodecalstég utdibr g 2/r tienspertesxBiter Ni
fragment theregfcseiperptdromphaacginuiphe rsistingsDIGHHEE FoXint{ht| BAB) Plaa toxisdd85R
mutant, RINA 1511l activating protein (RAP). In a preferred embodiment, the immunogenic
composition of theiyeRtian EaNBIRS AkISAS INERRIHNAEIAAIRGHERINETRpBYiRI @nthe
additional projgin selected, Hgéy qgauﬂ»m%nd{o& GOURLP)s AL o e

oo s SR B L e e s
embodlment rﬁﬁﬁ%’& fca(!% 6%’%?[18 f’g w%gentlon'g%br(ﬁams? a{ Feﬁst é%}éé%ls%aﬁ

selected fom group c) and an additional proteln selected from group a) and/or grou H"l) 30 A

preferred comirfdin erefpsednsamtinatitAnRlirIgising S mBNEesHS ifYBREIICEA Hges
larninin recepioyentigncamBisasorSsaarandr Anfigar Yefclidieteiionns §RARFISOahSIetHgUBs
immunodornirransiatiBg ofdmsparedomiscint ARG ravisgaren dadpolidB, $a2NImBEtPanSjiortdl,
alpha toxin, alpBa texispbiis api 3B RalphadntinRIAS, QR HIATRI Bgam, RAP, Aap and SsaA.
20
A further preferred combination of proteins in the immunogenic composition of the
invention comprises EPB and 1, 2, 3, 4 or 5 further antigens selected from the group
. consisting of immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.
25
A further preferred combination of proteins in the immunogenic composition of the
invention comprises SSP-1 and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.
30
A further preferred 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, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.
35
A further preferred combination of proteins in the immunogenic composition of the
invention comprises HPB and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.
40
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A further preferred combination of proteins in the immunogenic composition of the invention
comprises Site and 1, 2, 3, 4 or 5 further antigens selected from the group 40consisting of
imrnunodorninant ABC transporter, IsdA, I1sdB, Mg2+ transporter, Site, Ni ABC transporter,
alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA. A further preferred
combination of proteins in the immunogenic composition of the invention comprises EbhA and
1, 2, 3, 4 or 5 fugth@eaptigenssselpsipdfsandthedepdpicansisiingiaigent unngosiioansiABE
transporter, '%qeerch %geyanﬁm@arn Sihahl ARfeiapepories, alnhaieinraiphadgyin
H351, OR H3R gﬁfﬂi‘s WA RARK O Mﬁm&{oet%ﬁféﬁéﬂwt}m ioReRT REPLEiRSEN
the |mmunog(?\4 %c?mrp |on Iny Btw (mgrrl E%ﬁhag% ﬁﬁLSGR”n%R
antigens sele frOMm th gar%géﬁ?rghls Ing o rnuno ornlnant C transporter, isdA, IsdB,

Mg2+ traﬁspoﬂ%ﬁa"él@ Nk sporter, alpha toxin, a:pha toxin H35L OR H35R
mutant, PAP, Asp and SsaA, A further preferred combination of proteins in the immunogenic

composition oﬁtﬁ@h%e?fﬁfﬁ‘f%r?@fﬂé@g@ﬁp@ Rrieinsy ing the JrEHRepenic fgmes e Rt Sront
the group conismmlgr‘cmmmwﬁeddhﬂn@mm\la@mrﬁﬁ@r@e?n%d/\ BadB, MRy2% trEhepaREIESite,
Ni 15 ABC trasmpdet fraiptte tgrnp atphsistingi roHBBIUNORNIHITRARtHANSFORP!, AshatryB.
SsaA. Aforthefgreiggrepoaemigicatitin MBproteismitethelphentoxiogelphadoripdEifiorOet SR
invention comg(ieas RAB(Kdphandskal, 3, 4 or 5 further antigens selected from the group
consisting of immunodominant ABC transporter, isdA, IsdB, Mg2+ transporter, SitC, 20Ni ABC

transporter, awrﬁl{ﬁéﬁmpr@*@nl?@dt%ﬂﬂ'@%noﬁ beRmmHiant RAinbgnianebmpsdion feirtiher
preerred Comg'vgﬁ gnnscof Rﬁ%&éﬂ%ﬁé gnan IS GOPBRIL? Sh snmsfaeea femRkises
an §m| nti ct %ong,rqgQA glzt]% 49 ansporter, SitC,

|mmunoa r%ﬂ?%@&s fransp o"rrt]g} |sgs%\ ||n g trans rte

alph. toxin, AP SFPFPEET HRTEBSR: A RHEATS A o FAP: A i SKEH:
A further preferred combination of proteins in the immunogenic composition of the
invention comprises Fig and 1, 2, 3, 4 or 5 further antigens selected from the group

20 consisting of immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC, Ni
ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.

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

invention comprises MAP and 1, 2, 3, 4 or 5 further antigens selected from the group
25  consisting of immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC, Ni

ABC fransporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.

A further preferred combination of protein in the immunogenic composition of the
invention comprises immunodominant ABC tranporter and 1, 2, 3, 4 or 5 further antigens
30 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, SdrG,
SdrH, Lipase GehD, SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB,
SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase,
Fig, MAP, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.
35
A further preferred combination of protein in the immunogenic composition of the
invention comprises IsdA and 1, 2, 3, 4 or 5 further antigens 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, SdrG, SdrH, Lipase GehD,
40  SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1, SSP-2, HBP,
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A further preferred combination of proteins in the immunogenic composition of the invention
comprises autolysin and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
iinmunodorninant ABC transporter, isdA, tsdB, Mo2+ transporter, Site. Ni 30ABC transporter,
alpha toxin, alpha toxin H35L OR I-135R mutant; RAP, Asp and SsaA, A further preferred
combination of proteins in the immunogenic composition of the invention comprises CIfA and
1, 2, a, 4 or 5 fuibiRrcantbgamng pedeste dunacydh oigomgppoatasistvaywasm higndtidmateia IdBIC
transporter, Isgfynsedfin MgR-okansroratasiiRAY, Aap e ssansporter, alpha toxin, alpha toxin
H35L OR H35R mutant RAP, Asp and SsaA. A further preferred combination of proteins in the
immunogenic gopjpositi fgﬁréﬁea&xsmgﬁ&cemmwﬁ TR ARurdgdnt QoRdHERGY Bntigens
selected fiom ,ﬁoug%ns'sws%@ R A

transporter, S rans orte er xm H 5L H3 u
RAP, Asp and%%%l%‘“%ﬁ?ﬂ?é?' éémnaéon ogpro pn;i 1, ;£ |Iq_gerg1:c%tﬂn
composition oPMEWPEHHBAERS ﬁggs(fga}esgl,@atoysg Gl écf[f#t rT%‘g eﬁ%c%cp Bom
the group conSiBHGFBPAMTABRJIRR rriEnf AEENPASEISAF 1$4u RSTE V5 Ry > trén‘% e,
Ni ABC transp¥itencaliptintindriraieinafiesiapcerssindig Poisi, rﬁeaaw{a%ﬁmwa ﬂm?e‘PX'
preferredioombiptationinHEE0IORM S Fhmutanh IRATY ddie ah§isesition of the invention comprises
SOrH and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodorninanfyARSE BrRsRRrtesmBRatdsdE, pMadih thanaportenuitenii AdB(@dsaiospoitére
alpha toxin, a'm@ﬁﬁaﬁfbbﬁﬁlséé RIRBER Mutans, RAPs Asmanshinsls 1idvhirthennreferted
combination OE&'E&L% MRS NISCOMMERIERA HidBRdnyRIEIRN RSHAPESAB, LINASR
GehD angk1, 2b|%3 rgielHr &; 9 ,S.gj?|§§ﬁegu{5qyg\,{f@|ﬁr%w§c§b§@t|§&.qf Lipase GehD,
|mmunodom|n r| 'J_% ? %Itgpgll tr§’§§9°ﬂ§l5
éF 'oxm Lﬂ ‘n p%,fp f

Iph | =
alpha toxin, a FE’ER&?HE |H{ ﬂﬂ'o Wi%ggor%b]ggﬁ go r%hcoagu%sgphg tlbeglr%g%

combination o
alpha toxin H35L OR H35R mutant, RAP, Aap and Ssa

20 A further preferred 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 consisting of laminin receptor, SitC/MntC/saliva binding protein, EbhA, EbhB,
Elastin binding protein (EbpS), EFB (FIB), SBI, autolysin, CIfA, SdrC, SdrG, SdrH, Lipase
GehD, SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1, SSP-

25 2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig, MAP,
immunodominant ABC ftransporter, IsdA, [sdB, Mg2+ transporter, SitC, Ni ABC
transporter, Aap and SsaA.

A further preferred combination of protein in the immunogenic composition of the

30 invention comprises alpha toxin H35L OR H35R variant and 1, 2, 3, 4 or 5 further antigens
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, SdrG,
SdrH, Lipase GehD, SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB,
SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase,

35  Fig, MAP, immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC, Ni ABC
transporter, Aap and SsaA.

A further preferred combination of protein in the immunogenic composition of the
invention comprises RAP and 1, 2, 3, 4 or 5 further antigens selected from the group
40 consisting of laminin receptor, SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin
binding protein (EbpS), EFB (FIB), SBI, autolysin, CIfA, SdrC, SdrG, SdrH, Lipase GehD,
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invention comprises SasA and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of imrnunodominant ABC transporter, IsdA, Isde, Mg2+ transporter, Site, Ni 20
ABC transporter, alpha toxin. alpha toxin H35L OR hi35R mutant, RAP, Aap and SsaA. A
further preferred 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
immUHOdeingéEﬁﬁﬁﬁbﬁ,m@é. lse\ Hasie, Ndaekt [EansRaiesaBitEP Bl XSPAB SSPal) stiigfter,
alpha toxin, algha,taxin HERLiAIR SR, MAiARSEA ik anfoRsaA cdatiltizer PRjerTorP,
combination o nﬁ}@‘ﬁdﬁén‘.%ﬂ? |mu%g%ﬁeqpqm§ltl,gg§f A invemiencemesisesNinB@nd
1,2,3,40r5urt eér&ntlgens %eéecked rrom the group consisting of imrinunoclominant ABC
transporter, |Sdﬂ?ﬁg "™ 5

1-135L ORPFI35R mutant, RAP, Aap and SsaA. A further preferred combi{]ati(?ln of proteins in
the immunogelfit EARPERGPEIPHEMOERTEH R RRACERL']RE T8% ° oY R PR I
antigens selecil BARAEERo GRBRATEIRHNG JhEmmYEARIL At AnirAHEE T s fi5Tenr AL 1888,
Mg2+ transpordesc$REaV85 ABC transporter. alpha toxin, alpha toxin H351.. OR H35R
mutant, RAP. Aap and SsaA, A further preferred combination of proteins in the immunogenic
compositién ofGoenbirationsofrivisespCotEedrend 1, 2, 3, 4 or 5 further antigens selected from

the group consisting of immunodominant ABC transporter, IsdA, lade. Mg2+ transporter, Site,
Ni 40 ABC transpRiigfe@IiphauiRgenialeiiadesdar- ikt @RS RumkiaabnpidsAmRapbEBaA.
components in a combination of alpha-toxin, an extracellular component binding protein
(preferably an adhesin) and a transporter protein (preferably an iron-binding protein).

SQ?QranspOrter, Site, Ni 30ABC transporter, alpha toxin, alpha toxin

15
In such a combination, the alpha toxin may be chemically detoxified or geneticaily
detoxified by introduction of point mutation(s), preferably the His35Leu point mutation.
The alpha toxin is present as a free protein or alternatively is conjugated to a
polysaccharide or LTA component of the immunogenic composition.

20

Preferred combinations include:-

An immunogenic composition comprising alpha toxin, IsdA and an extracellular
component binding protein selected from the group consisting of laminin receptor,

25  SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin binding protein (EbpS), EFB (FIB),
SBI, autolysin, CIfA, SdrC, SdrG, SdrH, Lipase GehD, SasA, FnbA, FnbB, Cna, CIfB,
FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin binding protein,
fibrinogen binding protein, coagulase, Fig and MAP.

30 An immunogenic composition comprising alpha toxin, IsdB and an extracellular
component binding protein 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, SdrG, SdrH, Lipase GehD, SasA, FnbA, FnbB, Cna, CIfB,
FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin binding protein,

35 fibrinogen binding protein, coagulase, Fig and MAP.

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

the group consisting of laminin receptor, EbhA, EbhB, Elastin binding protein (EbpS), EFB

(FIB), CIfA, SdrC, SdrG, SdrH, autolysin, FnbA, FnbB, Cna, CIfB, FbpA, Npase, SSP-1,
40 SSP-2, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig and MAP.
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A further preferred combination of proteins in the immunogenic composition of the invention
comprises FbpA and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodorninant ABC transporter, IsdA, IsciB, Mg2+ transporter, Site, Ni ABC transporter,
alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and Bask A further preferred
combination of proteins in the immunogenic composition of the invention comprises Npase

R o
C transpor B M9a ARRRELETo e NighRé, HRORPOHGHoURAG RAReY 2RE
foxin HISL %ﬁ?@& e ééﬁﬂe&q%d%&a&bﬁf%mfeas.ffalfs% DpaNansdp

A,
proteins in the’l h e Inve saAr%i \ a 3,4

rﬁuar%'ct)o ni¢ composition o nflon. comprises n

or 5 further antigEie Y8RESENPAYINARTIRY '%%'}?ﬁgﬂrﬁ’&%?%ﬁgﬁﬁnoa%?ﬁFr%%sr?fsﬁgén?rg%%orter,
IsdA, Isde?MgZ+ transporter, Site, Ni ABC transporter, alpha toxin, alpha toxin H35L OR
H35R mutant, REPMAAPIERE S9HAsItPs cATAFERS FRERIPYA. CHIRGRABSINEY (5FRERMS in the
immunogenic composition of the invention comprises SsaA and 1, 2, 3, 4 or 5 further antigens
selected from fheigroupgansstingpsifiomoompasiogviphat B ClednapbrAIsdA, IsdB, Mg2+
transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H351. OR H35R mutant, RAP,
Asp and §saAs fkipogsatesoatbentiohieationag pishainsii) B Egestagenic composition of
the invention comprises EPB and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of i ng,%g @(%qé | | Aadtiggsporter, Site, Ni ABC
transporter, alp H; toxin, alﬁ%%@ﬁ%ﬁ:ﬂ O Fgén%%iﬁﬁ: %%P{ng\%ﬂb;gr)\d Sack A further
preferred comhination of proteins in the immunogenic compaqsition igention comprises
S5t and 1, B AR L AR G e (457
irrirnunod1c§minant_ ABC transporter, isdA, isdB, Mg2+ transporter, SitC, Ni ABC transporter,
alpha toxin, alRATENAHEE ORPREYER CRTRIISNRARN AL W RISASHGurther preferred
combination of proteins in the immunogenic composition of the invention comprises SSP-2
and 1, 2, 3, 4 &nSriurtnegenitigeneosiietesmprisinaaw i derneBAsishd FHhimrnunodominant
ABC transporter, isdA, I1sdB, Mg2+ transporter, Site, Ni ABC transporter, alpha toxin, alpha
toxin H3510 ORah 3itunugtaint cBrAdsitiop ainthSstafalphiudkier Iptafand=@if@ombination of proteins
in the immunogenic composition of Me Invention comprises HPB and 1, 2, 3. 4 or 5 further

antigens selecfgd Hianhdhent estARRRSISERGRLINGBIMALUNAINGI ARERANSporter, isdA, IsdB,
Mg2+ transporter, Site, Ni ABC transporter, alpha toxin, alpha toxin F135L OR H35R mutant,

RAP, Azio and,S3ah, 40, A UINELATS 0 e ABRIC IR S s munogeni

compositign of the invention comprises vitronec inding protein and 1, 2, 3, 4 or 5 further
antigens selected from then rourgpconsistin& of irnmpnogomina tA%Y_..transporter, IsdA, IsdB,
X

Mg2+ transportlr "EHORR QL08R PLH% IR0 AP YO8 T4%5L OR H35R mutant,

RAP, Rap and Ssak A further preferred combination of proteins in the immunogenic
composition ofhENRYEASRIHCSOMPRRILRN RENIRGEEA BRI BréteheRA®d 2, 3, 4 or 5 further

antigens selected from the group consisting of immunodominant ABC transporter, IsdA, sdB,
30 Animmunogenic composition comprising alpha toxin, IsdA and SdrC.

An immunogenic composition comprising alpha toxin, IsdA and MAP.
An immunogenic composition comprising IsaA and Sbi.

35
An immunogenic composition comprising IsaA and isdB.

An immunogenic composition comprising IsaA and IsdA.

40  Animmunogenic composition comprising IsaA and SdrC.
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10tvig2+ transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L OR H35R
mutant, RAP, Aap and Stark A further preferred combination of proteins, in the immunogenic
composition of the invention comprises c.oagulase and 1, 2, 3, 4 or 5 further antigens
selected from the 15group consisting of immunodominant ABC transporter, IsdA, isdB, Mg2+
transporter, SitC, NI ABC transporter, alpha toxin, alpha toxin I-135L OR H35R mutant, RAP.

Asp and SsafAdistiepeieiesrmsbsasnaoapasingfsasteinsEbhte firymeriabereif eewgseshish of
the invention ¢gmprises Fig and 1, 2, 3, 4 or 5 further antigens selected from the group
20consisting of immunodominant ABC transporter, IsdA, isdB, Mg24- transporter, Site, Ni

ABC ransporiet AR ARND AN IRK BT OB AR Rtant, RAP, Aap and Ssak A
further preferrea Combitiation of proteins i '

teins In the immunogenic composition of the invention

comprises'5 MAP and 1, 2. 3, 4 or 5 further antigens.selected from th iSt]
immunodominahiABEIPEASATROIUGA P! 'Wgﬁa' Frgées%gr ernr},r ?Eg,ﬁlgll ré?ft%%ﬁ?%%ﬁg

alpha toxin, alPP¥%oxin H35L OR H35R mutant, RAP, Asp and SsaA. A further preferred
combination of protein in the immunogenic composition of the invention comprises
immunodominamikB.Odgenporeperiip opths investtismgamerurdilféAs ) ¥ted from the
group congisting of laminin receptor, SAC/Mote/saliva binding protein, EbhA, EbhB, Elastiri
binding proteirSebpidnEdTEa(Hige s B presdedhinalifesntelond lisaAdaSpase GehD,
SasA, FnbA, FribB, Cna, CfB, FbpA, Npase, isakPisA, SsaA, EPB, SSP-1, SSP-2, HBP,

vitronectin bingiag LGl SRARERSIPIIBRBISLEIR FeaaUASAUTI MARBIPhRIRAoRIpha
toxin 1-135L mutant, RAP, Aap and SsaA, 35 A urtqgg (%referred c%m?matlon of

P, ) 3
protein in the iH{RROHBERSSHS CHRED SRS OYARRP R PERTES S AMPIREs SdKAnd 1. 2, 3, 4 or 5
further antigenspelctedofrSnadeegroup consisting of laminin receptor. Sitatvinteisaliva

binding protein, EhhA, EbtiB, Elastin binding protein (EbpS), EFB (FIB), SBI, autolysin, CNA.
SdrC, SdrG, SgrlﬁHohglf ! i%i%%l%gggé of Staphylococcus aureus, at least five clonal lineages were
shown to be highly prevalent (Booth et al., 2001 Infect Immun. 69(1):345-52). Alpha-
hemolysin (hla), fibronectin-binding protein A (fnbA) and clumping factor A (clfA) were
20 shown to be present in most of the isolates, regardless of lineage identity, suggesting an
important role of these proteins in the survival of S. aureus (Booth et al., 2001 Infect
Immun. 69(1):345-52). Moreover, according to Peacock et al. 2002 the distributions of
fnbA, clfA, coagulase, spa, map, pvl (Panton-Valentine leukocidin), hlg (gamma-toxin),
alpha-toxin and ica appeared to be unrelated to the underlying clonal structure suggesting

25  considerable horizontal transfer of these genes.

In contrary, other virulence genes such as fibronectin binding protein B (fnbB), beta-
hemolysin (hlb), collagen binding protein (cna), TSST-1 (tst) and methicillin resistance
gene (mecA) are strongly associated with specific lineages (Booth et al., 2001 Infect
30 Immun. 69(1):345-52). Similarly, Peacock et al. 2002 (Infect Immun. 70(9):4987-96)
showed that the distributions of the enterotoxins, tst, the exfolatins (eta and etb), beta-
and delta-toxins, the sdr genes (sdrD, sdrE and bbp), cna, ebpS and efb within the
population are all highly significantly related to MLST-derived clonal complexes.

35 MLST data provide no evidence that strains responsible for nosocomial disease represent
a distinct subpopulation from strains causing community-acquired disease or strains
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40SasA, FnbA, Fn1313, Cna, CUB, FbpA, Npase, IseAlPisA, SsaA, EPB, SSP-1, SSP-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 preferred
combination of protein in the immunogenic composition of the invention comprises IsdB and 1,
2, 3, 4 or 5 further antigens selected from the group consisting of laminin receptor,
SitCfMniCisalreadvireinepretemp Bl @hiers ErlstinbiteiRd Brsterie!(E8ys) 398 (Bks), sB,
autolysin, CIfA, SdrC, Scire, ScirH, Lipase GehD, SasA, FnbA, FribB, Cna, CifB, FhpA,
Npase, IsaA/PjsA, SspA, EPB, 5SP-1, SSP- Vi in bindi infibg :
binding proteiré,réc?srr,eul'gsl%urp eW&E’mg\?ﬁl@%gﬁ%6@?{@1@%&?&%‘5&?g gﬁpgggmﬂﬂt%grﬁﬂ |
RAP, Aap and"&® _eﬁf—‘?ﬁﬂﬂ% H?Sﬂgrer%d combination of protein in the immunogenic
compositién ol the invention comprises SitC and 1, 2, 3, 4 or 5 further antigens s I?ctftap fr?m
the group con¥istheodimeAinthedBptERossRie AREASHNOA ‘fﬂﬁ'&ft‘?ﬁ)_ﬂoé?%r; %lgﬁei?r h8, Bisstin
15 binding protdifPEbER ERPeeses)ngaastdeiaissinl eaYeaec SAGPEH A SITRR D,
SasA, FnbA, insbBeCrehadieBolrsp Al pErsenesipbindng 89t APROAGP cluang gl
Vitronectin binif, pesilastibspogaachividitRpprsirecinggieresiany, NaApaamtioin /Qpha
toxin H350 ORviriBERomintah B BARINApptanREBautdgsinf(Riner gratef@t dolfriakisn B
protein In the ioB8YNagicrecspioesi BT olstiéHiste BRI EoMpSses HpbS: B3¢ dReche 2t 3 4
or 5 further antigm) Meederiegram B1s)) ERBIRIB)SBINGBf IsdAintBeEeploMSite/ HBtCRmkva
binding proteiRidbhiAdifPitdrHastisdsirdiBgetei ki BDPEYSERE(RBME M| caaltoRH6IH, ZDfA,
SdrC, SdrG, Sgigy-kdsinqasdaetDa S84\ Mibliolg 130 Baz), Gk IFBRLD Wirae dsalNBsA,
SsaA, ERS, S\¥zhoftiy 222 58P s¥iiropesdia Rindingpsotritoiinggersbisuby gapressis
coagulase, Fi%é\éégorimwl@ggypmwgﬁmﬁporter, IsdA, IsdB, Mg2+ transporter, SitC,
Ni ABC transporter, Rap and SsaA. A further preferred combination of protein in the

ana 1.2 3, 4 5 B R BN FHFRGRPRUIERS DIRGP AR e 3 etor vae 3
SHCINCIsal BRSPS B ey darogbee Leasni o) ?%%ﬂﬁ%ﬁ P
SB1, aut%%/sir{hﬂtl?/_ﬁr,ngag?@p?%aidn SN aaf 8"(38?“5?@“33\'%?&?&,5? I% ! z%é.(a,l 7 rpé
Npase, Isa/VPiSACIe FaaigsbRuGUpCPng Sprains; Agst Rfﬁ%ﬁgé{tﬁ%ﬂ? Mg protey ;@E eog 7
binding proteiﬁ?E@ﬁ‘@HF&@éP@B@ﬁdﬁ%?’?qmhﬁméiﬂmgﬁpﬁgegt% AM8dAA1sdB I;82+
transporter, Sied Ne&BCT R PG e AT ER P A fUeRe? e@ﬂ%’dﬁf_mﬁkﬁﬂgtﬂﬁ'otfet -
protein in the inARMAKERARICERAT GSIACIFINEIETh AEALDRPEon BRERRAMY NPT JNes/y BFIE-
further agfigerfmewiytiod frdnSehe. reap aepebisistany oFdeimipfiereeeprisISiROAVHIETs Affa
binding proteimaBibbisiEbhd FElagia and TSST-1, Cna and mecA, Cna and SdrD, Cna and SdrF,

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

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

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

The preferred combinations described above may be combined with additional
components described above.

35
Protection against S.aureus and S. epidermidis

In a preferred embodiment of the invention the immunogenic composition provides an
effective immune response against more than one strain of staphylococci, preferably
40 against strains from both S.aureus and S. epidermidis. More preferably, a protective
immune response is generated against type 5 and 8 serotypes of S. aureus. More
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binding protein (EbpS), EFB (FIB), SE31, autolysin, CIfA, &Ire, SdrG, SdrH, Lipase GehD,
SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, IsaNPisA, SsaA, EPB, SSP4, SSP-2, HAP,
Vitronectin binding protein, fibrinogen binding protein, " coagulase, Fig, MAP,
inirnuriodorninant ABC transporter, IsdA. IsdB, Mg2+ transporter, Site. Ni ABC transporter,
Aap and SseA. 5 In the above and below combinations, the specified proteins may optionally
be present in EfeRBHUIACYBIGRIR IMPBESIE GPRRR R H ARISIRIRRI AL SRRV SSH rls?9A @rfﬁeﬁn as
described aboygmaddhidiembinations of three proteins A preferred immunogenic composition of
the invention further comprises three protein components in a combination of alpha-toxin, an

extracellular component binding protein (preferably an adhesirt) and. a transﬁp%r}jer Eg)rotein |
(preferably an@rshH5HAhYBristEIHyCaeNiA serRReS i elirfasidnY ML 5n P RIGVEM, ROcoM

chemically deioftlisnsor fgeriatentr HerRmisel BYasRbAALEVR oPHUREHRIR BHPS) Hrareriy
the His35Leu preatmentitativis. stige dlphdiffsxihtisaseasely asedistedishoerhypearsahaiven e
conjugated to pafieiysiidoh axeddftb. TACherpne adeinthgernsianaidts admposriire et is
Preferred combipaiionsfinghetatindnamratiatige nivreoneposiponseorymirsng/aiphs wraims|sofA
and an extraceligafis@mponent binding protein selected from the group consisting of laminin
receptor,4@5 SitC/Mntelsaliva binding protein, EbhA, EbhS, Eiastin binding protein (EbpS),
EFS (FIB), S134 cfutalxsimniuhé\fespdrise RO66HnSE 4d, dripantufscleBhdhiss At alves Bigtaficma,
CIfS, DDA, NRasgSRialE o S andnb o hbridontliolt ot R/ DB RiRTFE:
fibrinogen binding pror{eln‘, coagulase, Fig and MAP. 30An immunogenic composition
comprising alpaneian, Rianliset Malseiareiuar BrsporRAlPIRdMEIRkofain YRR b the
group consistiagaoblabjnéndesioeptas, 8 iG/idatCis atied DEiImgqmpasisoBltnAGRis B deldalbd

binding pratein(EbRS) 5P {54R) oS Ls@k 0lyein o B0 AEignTiEsRt prtEdtida R Se tefiDtat
SasA, FnbA, FribB, Una, FbpA, Npase, | aAO%PlsA, S a@ EEEiT 6§P'1a SP-2. HAItD

Vitronectin binﬁ]ﬂ'&%t@ﬁﬂ%gﬁwlﬁ@é@ﬁ ﬁ\ﬁt ﬁ@ﬁ%?&n,’dgaﬁufgse?ﬁilg CKERIAL 1R mean
immunogenic cosapesitioa@dimssing atplastokdie | 98 ahB%an’A0hesi¥BelebredPrRANtReOf
group consistiggsehiky iattiREePiOkn SRR, kBB Blas firokitidingHeretein (EMnGHt Rfotbction

is indicated by a decrease in the bacterial count of at least 10%, 20%, 50%, 70% or 90%

20 in an opsonophagocytosis assay, for instance that of example 7.

Several of the proteins including immunodominant ABC transporter, RNA lII activating
protein, Laminin receptors, SitC, IsaA/PisA, SsaA, EbhA/EbhB, EbpS and Aap are well
conserved between S.aureus and S. epidermidis and example 8 shows that IsaA, CIfA,

25 IsdB, SdrG, HarA, FnbpA and Sbi can generate a cross-reactive immune response (for
example crossreactive between at least one S. aureus and at least one S. epidermidis
strain). PIA is also well conserved between S. aureus and S. epidermidis.

Therefore in a preferred embodiment, the immunogenic composition of the invention will
30 comprise PIA and type 5 and 8 polysaccharides and will further comprise one, two, three
or four of the above proteins.

Vaccines
35 In a preferred embodiment, the immunogenic composition of the invention is mixed with a

pharmaceutically acceptable excipient, more preferably with an adjuvant to form a
vaccine.
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(FIB), CifA, SdrC, SdrG, SdrH, autolysin, EnbA, Rita Cna, CHB, FbpA, Npase, SSP-1,
_4088P-2. Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig and MAP, An
immunogenic composition comprising alpha toxin, I1sdt3 and an adhesin selected frorn the
group consisting of laminin receptor, EbhA, EbriB, Eiastin binding protein (EbpS), EFB (FIB),
autolysin, CIfA, SdrC, SdrG, SdrH, FribA, FnbB, Cna, CIIB, FbpA, Npase, SSP-1, SSP-2,
Vitronectin bindheg eesiess, siblisorierepinanegisrofim PEISGHIL IR Gy nRBDIRAdiuvants
immunogenic GnpeSEivmINaMphiSisgtakusa taximiuihandhgirite reee piavmAnomatumiogenic

composition co%rt%)?ri Qg'_%l&h%%%g&lgg% o kD ARJRRSRROBENIS GHBPGSHSNbe an

comprising alpha toxin, is [ hB. An Immunogenic compaosition comprising alpha tgxin,
IsdA and EbpS’EQWWﬁrﬁ'ﬂﬁ?&ﬂ@ﬂfh‘&ﬁ%‘ﬂfgﬂi3ﬁ°§5‘r‘?1p%fsﬂ‘f§la§f8h%{‘?3ﬁnf’?sﬁ&ﬁ%ﬁ?&%g GRS
An mmgnegemmaﬂn@msdixmmhmtdﬁsimg @lybBotpkarereiA and SAdrG.  An immunogenic
composition comprising alpha toxin, isdA and CIfA. 20An immunogenic composition

comprising alph [ i i i . L .
Rt A SR R DR o aale b o,
An immunogerid tartypesifitasrmsipridiat laskacfoNin:tysa Aviinesdenthitimenihg diection of
composition cPHsiBE I RANANE dsphaidiSarH3a Antigemuimdgemigicdenglesifioth2-type
oo AR SR R BB SRR AR p e eaige
It is important to remember that the distinction of Th1 and Th2-type immune response is
not absolute. In reality an individual will support an immune response which is described
as being predominantly Th1 or predominantly Th2. However, it is often convenient to
15  consider the families of cytokines in terms of that described in murine CD4 +ve T cell
clones by Mosmann and Coffman (Mosmann, T.R. and Coffman, R.L. (1989) TH1 and
TH2 cells: different patterns of lymphokine secretion lead to different functional properties.
Annual Review of Immunology, 7, p1456-173). Traditionally, Th1-type responses are
associated with the production of the INF-y and IL-2 cytokines by T-lymphocytes. Other
20 cytokines often directly associated with the induction of Th1-type immune responses are
not produced by T-cells, such as IL-12. In contrast, Th2-type responses are associated
with the secretion of II-4, IL-5, IL-6, IL-10. Suitable adjuvant systems which promote a
predominantly Th1 response include: Monophosphoryl lipid A or a derivative thereof,
particularly 3-de-O-acylated monophosphoryl lipid A (3D-MPL) (for its preparation see GB
25 2220211 A); and a combination of monophosphoryl lipid A, preferably 3-de-O-acylated
monophosphoryl lipid A, together with either an aluminium salt (for instance aluminium
phosphate or aluminium hydroxide) or an oil-in-water emulsion. In such combinations,
antigen and 3D-MPL are contained in the same particulate structures, allowing for more
efficient delivery of antigenic and immunostimulatory signals. Studies have shown that
30 3D-MPL is able to further enhance the immunogenicity of an alum-adsorbed antigen
[Thoelen et al. Vaccine (1998) 16:708-14; EP 689454-B1].

An enhanced system involves the combination of a monophosphory! lipid A and a saponin
derivative, particularly the combination of QS21 and 3D-MPL as disclosed in WO
35 94/00153, or a less reactogenic composition where the QS21 is quenched with
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An immunogenic composition comprising IsaA and IsdB. An immunogenic composition
comprising IsaA and MA. 40 An immunogenic composition comprising IssA and ScirC, An
immunogenic composition comprising IsaA and Ebh or fragment thereof as described above,
An immunogenic composition comprising Sizi and SdrC. An immunogenic composition
comprising Sbi and Ebh Of fragment thereof as described above. An immunogenic )
composition ottthiesterentiomisdnsedsinyMeae/ST38r Saric e easRtoPdN RN 1Y BXHEsed
in different clopablipraaes Aaplyais ahiheQprerseRcantbivifulenaesfackass is detatibedviitkide

bopulation SR o SiaRY BLRCELS BHICHE SN Ml RIS BlaseagaRhuli e aRneS

in natural 15p88{]l [ Ss.’/Among ¢ inica Isolates of Staphylococcus awaits, at
least five clonablineingewieepesisiahtn @SBt HighI{PErePiRNMB08EP FAIPs80N & IWASIN.
69(1):345552) ANEBRSKROIYSIPHNE)(Viibrosie 710y bimbkéingrgateinv éaifribaAgoaprdvitiempimgthadtor
A (c1fA) were 20shown to be presept | t isolates .r eldiprass idestiidn
suggesting an'%r%B%’r‘%lgﬂ?goﬁevé%c?ﬁeeﬁ @@&ﬁs%ﬁﬁ%@%r@g@ o%@glﬁ%ﬁ%o ef %I1 l%ogl
Infect Immun. '6gethes At )P haBRaEwIcal Q5ERigHs PERIFK BRI 25 & iR RS bt
WA, cifA, coagifaseorapaingaligapubigdtinte rivalesasseae citsin prefer¢otanntiaerking, @ TH1
alpha-toxin anglige apneared toeupselatad #9: resndptkiNenclonal structure suggesting

25considerable horizontal transfer of these genes. In contrary, other virulence genes such as
fibronectiPbinding protein B (fabB), betahernolysin (hib), collagen binding protein (cna),
TSST-1 its and methicillin resistance gene (mecA) are strongly associated with specific
lineages (Booffrefedrd 200MPridiessImihe, @9%0?'3&5%‘?)?@%”5979}'%&6'&5&15& Y iRrect
Unman. 70(9):888peShipehanved thatstheldistivotogisity dotve senonbxirastion foresesddRERY

(eta and alb), BefRture also form an aspect of the invention.

15  The ratio of QS21 : sterol will typically be in the order of 1 : 100 to 1 : 1 weight to weight.
Preferably excess sterol is present, the ratio of QS21 : sterol being at least
1 : 2 wiw. Typically for human administration QS21 and sterol will be present in a vaccine
in the range of about 1 ug to about 100 pg, preferably about 10 ug to about 50 ug per
dose.

20
The liposomes preferably contain a neutral lipid, for example phosphatidylcholine, which
is preferably non-crystalline at room temperature, for example eggyolk
phosphatidylcholine, dioleoyl phosphatidylcholine or dilauryl phosphatidylcholine. The
liposomes may also contain a charged lipid which increases the stability of the lipsome-

25 QS21 structure for liposomes composed of saturated lipids. In these cases the amount of
charged lipid is preferably 1-20% wiw, most preferably 5-10%. The ratio of sterol to
phospholipid is 1-50% (mol/mol), most preferably 20-25%.

Preferably the compositions of the invention contain MPL (3-deacylated mono-phosphoryl

30 lipid A, also known as 3D-MPL). 3D-MPL is known from GB 2 220 211 (Ribi) as a mixture
of 3 types of De-O-acylated monophosphoryl lipid A with 4, 5 or 6 acylated chains and is
manufactured by Ribi Immunochem, Montana. A preferred form is disclosed in
International Patent Application 92/116556.
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and delta-toxins, the sdr genes (edit, scirE and bbp), cos, ebpS and efb within the population
are all highly significantly related to MLST-clerived clonal complexes. 35MLST data provide
no evidence that strains responsible for nosoc,omial disease represent a distinct
subpopulation from strains causing community-aawired disease or strains recovered from
asymptomatic carriers (Feil et al, 2003 J Bactedol. 185(11):3307-16). Preferred immunogenic

compositions of §fsvie Weniesiwie efferiveatainsstarbylnenssiiosontferentitidnatepared
lineages. In an e{“ DOQBENL (j‘wﬁgﬂ”?é‘%?&e bfd&? é%é}HBn COMBHSER Eaa%cés4 referaplsat

least 1 protein that Is expressed in most ISo ateso staphyloc ccl. Ex ch proteins
include alpha- HB%%/&H%H%WHE%W&E%"&HB d'ﬂ?fé%’ﬁ P(MBRYS a@l%‘ Sr)1 ACtorA°n®
(pIfA), coagulasdesptaeriviib, |®WQWWVNMIY@'@@M@P%@M@M§O% gisq fprm an
immuriociagninagiedBst thansrekies, RAE aptidelysin (Rugmteinal 200in thel visitleDienitBahe or

1038), laminin gecepiors, s, RRARISA. RRRILE0.SerAnkRRoRasT(BRCHE BLAlRDAR
Microbiology 149; 643 [, CIfB, is one cblndlng

protein 11, .sa|EYEf%%‘%E&%'Aé"Q?‘gFﬁEW@FrﬁFﬁ&H%é'nﬁ%’&a'ﬂﬁ g%%%%”%‘éa &y 8RR

(Roche et al 2003. Microbiology 149; 643), MRPI, SasD (Roche et al 2003, 15M|crob|ology

149; 643), SaS'rh R%\%%%e i e A db?&ééwvéﬁ& PRSI BF PSRk RGP

and novel auto n, an alternative em ment, 2 or more I’OtEII’lS which are Eressed In

different séts oFE‘fBH‘éf sHoapRIBlRC BTG EHAR  BX R AR A %B@H?FEB%%%NW'%? ﬁ‘?e &htfoH.
Preferably 20 theasatbinattiorTbésmntigiensistrdtiatiowrap imsludeciniestionsédatdiise igisamws@dpthat

is effective againstMuiiRs, GRRaLTHAIBS stBeshkResR Al aaRiva Al cianakninisratiels wrd
combinations include Fite. and beghemo sin Frlbt%a\§ Ignahé:alle and T ST FribB a

d
e VB anf Al AR e e ST TR P S

Cna, beta-haetheljrsitraent TESBEUMdNELhoinoIdiA armqﬁmﬂk (%@SQBF‘HQ@WH'M of
SdrD, betgshaginalipicoatEspcbE rstadraeivisysiovamnd - S dieinbasyriokysionaatdtEariEsn

and TSST-1, eng and c na an a

TSST-1 and trec%? )I‘églﬁm Egan%]eSd%f 8.11% gﬁ% ﬁ%ﬂé@ﬁ ﬁ‘?%%gr%gg\ﬁﬁdggb%jscﬂ Téﬁ%qﬁ Qjose
MecA and SdriSPRpeeeriaiietsaf mavialsa b epegpEistrediogsnesiat e mmmlims et §t§fﬁ5eahd
EbpS, SdeD aniehé&flifoBSthdtaana frizpmpGadal 30 ipswtdbtbidandoEb S adoiGifiterdtheqparédehe cit

combinations dgscribed;abaye Baxde sRehincHwHRRAgH mﬁw&e@mmmw

35 Protection mrlﬁgunst S.atireus and S. egldertnld s In a preferre ment of the nv ntgon

the |mmuﬁgge gg?ﬁlﬁsgﬂi&qtgpab?aggd ﬁtlon of the immune responses w respec o eac other

For co-administration, the optional Th1 adjuvant may be present in any or all of the
different administrations, however it is preferred if it is 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 pg
of polysaccharide, preferably 0.1-50 ug for polysaccharide conjugates, preferably 0.1-10
pg, more preferably 1-10 pg, of which 1 to 5 g is a more preferable range. However, for

35 serotype 6B, the preferred dosage will comprise 3-10 pg of polysaccharide.
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effective immune response against more than one strain of staphylococci, preferably
40against strains from both S.aureus and S. epidermidis. More preferably, a protective
immune response is generated against type 5 and 8 serotypes of S. aureus, More preferably,
a protective immune response is generated against serotypes |, Il and Il of S. One use of the
immunogenic composition of the invention is to prevent nosocornial infections, for instance in
elective surgery patients, by inoculating prior to hospital treatment. At this stage, it is difficult

to accurately prgelicb MHERISHRREY QFRgERS F Alasvireinatientyyitte Bxposes iandé is-toeefore
advantageous to inoculate with a vaccine that is capable enerating an effective | ne
response agaiﬂ%etf‘?fé‘%ﬁ‘r‘ﬁ'l‘giHE%&%?&S?’MBCBEJ?’%@ /J&r’l %%?eqéti%réﬁllorr@n fe 'rréﬁa%ovngén%} on:
defined as an svbesonasEoae thatogiayersidgodisanmmonzaiionsiadetraiaysed@lenge model
or opsonoghagocytosis assay as described in the examples. Significant protection in a mouse

hall I, for inst that of le 5. is, defi . iNCL: i i
comparison wiF TR BB TR G e ey PR Lk DA SO b et
Significant progseteashi sedettBewelt ddefighlenadsl, ke indi8Tek faREr eREGFHINEY iork).

defined as a degrapsadivihgitieRibohinesveddsodiel biMfatetoh dl easeaD8232@7%3,. 50%, 70%
or 90%. The presence of opsonising antibodies is known to correlate with protection, therefore

significant protection is indicated by a decrease in the bacterial count 01 at @ast 109 o,f20°?,
50%, 70%00r I VAGRINGRH B EOPIERIA FBERR ¥ ba Stesrd iR slte LS PRYAHpI '?.eéae‘{/érm
of the proteinstiteckulitioninsniyopbitioediriartiteA BEstares pbraesuK Altinassiveuineppraetialobaminin

receptors, Site,$34/PisAs S5t AutHRAERKbR FRRSRIGARMIMING SansaRvRgoaivsen
S.aureus and S. epiderrnidis and exammﬁﬁhows that |f°,aA CM, 25 I%dB Sdrza Her Fr%lj)pA

and Sbi can g&RRAREHeEBUR R 48Ry e 29, BEY SREE" (fof é@?aﬁ?n%?eb R o opea Vgg?Ween
al least one S.aadrmay @odsitydest indighassaddidisrstimity PrsesRIsH deEbrihiadhe

between § ausaysnasdran arigeNitbeseddapreigre in a preferred embodiment, the
immunogenic composition of the invention will 30comprise PIA and type 5 and 8

polysaccharides and will further comprise one, two, three or four of the above proteins.

Vaccines 35In ﬁﬂmwm%ﬁv@mi&pomposition of the invention is

mixed with a pharmaceutically acceptable excipient, more preferably with an adjuvant to form

a vaccine. . . . .
Another aspect of the invention is a method of preparing an immune globulin for use in

20 prevention or treatment of staphylococcal infection comprising the steps of immunising a
recipient with the vaccine of the invention and isolating immune globulin from the
recipient. An immune globulin prepared by this method is a further aspect of the invention.
A pharmaceutical composition comprising the immune globulin of the invention and a
pharmaceutically acceptable carrier is a further aspect of the invention which could be

26 used in the manufacture of a medicament for the treatment or prevention of
staphylococcal disease. A method for treatment or prevention of staphylococcal infection
comprising a step of administering to a patient an effective amount of the pharmaceutical

preparation of the invention is a further aspect of the invention.

30 Inocula for polyclonal antibody production are typically prepared by dispersing the
antigenic composition in a physiologically tolerable diluent such as saline or other
adjuvants suitable for human use to form an aqueous composition. An immunostimulatory
amount of inoculum is administered to a mammal and the inoculated mammal is then
maintained for a time sufficient for the antigenic composition to induce protective

35 antibodies.
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The vaccines of the present invention are preferably adjuvanted. Suitable adjuvants include
an aluminum salt such as aluminum hydroxide gel (alum) or aluminium phosphate, but may
also be a salt of calcium, magnesium, iron or zinc, or may be an insoluble suspension of
acylateci tyrosine, or acylated sugars, cationically or anionically derivatized polysaccharides,
or polyphosphazenes, It is preferred that the adjuvant be selected to be a preferential inducer
of either a Till or a 1H2 type of response. High levels of Thl -type cytokines tend to favor the
induction of cefhaadipdarsmanbaestspo sk tatentdesitearitjgesl| knhilst thiphideeeRudh Fh2-type
10cytokines teé}ﬁ‘nﬁ @y%tgé?awtigggg\pgmmgwmw ASRPASRBNAMNS foddgen. Itis
important to remember that the distinction of Thl and Th2-type immune response is not
absolute. In reality an individual will support an immune response which is described as being
predominantlyAfkbatigredointhaietgniiseuid prepaeatidnisiofien wishe Aldemuaty dsadideimpe
families of cytalgngsdi. tgrmeel Waldpscainrd ivauyigareR biyedicallmbnandyrivigsmenn
and CoffmanéaJ osmann, TR. and Coffman, Rt. (1989) TH1 and TH2 cells; different patterns of
lymphokine s POSN RESYMEEGRYEIRit functional properties. Annual Review of Immunology, 7,
p145-173). Traditionally, Thl -type responses are associated with the production of the 1NF-y
and IL-2 cytokiembiide enhogyéescddtieicefteyiekinestaitprainetilgatissoziateclusétivtiok

induction,f Thl -t immune resp e nat p, Fé‘éﬁqe T-Gef chas 1L:12
contrast, %2-@%@%&3’0@& g?f a%%%%?g%d v%%h tggsecreﬁ%h o%ﬁélf@f%éL-SﬁLrlggllL@fgte
Suitable adjuvaHP4JRAIORENGINEANY SR 18R dhilgAni8PBhI 195 SEMSE G A (iRpgies or hybrid
Monophosphosylitipdtb é\vithal ae Spatifieitthie reaf ppaudie atibe B oé tis dnydatied. imyaphodiphbey|
lipid A (3D-MF, ' Jope i i BMiEHIsOAN immune
monophosphof!g Pﬂ‘&%{g:,e%g)@@%|yﬁ§d§%ﬁﬁ§%§%oﬁﬁﬂ§ﬁ ﬁ)?c??itotgetthetrl ith
cither an alLmAREHIS AR IBF KGR R ah AVRNTEN P eHeA L SRR e A e dr e
oil-in-wattF enaulitiody by bndingtmsbasHitamigentilgdarardic8MPPL are contained in the same
particulate structures, allowing for more efficient delivery of antigenic and immunostimulatory

signals. StudieE have shown that 30maim . is able é%éﬁ%égggg@&% NS RBURQ9SLIcY of

an alum-adsorbé'acglﬁﬁgen ﬁﬂrggfenn're“fgﬂ Vactine -14; EP 639454-B1], An

enhanced syseONTGa 5 IFaEURR QeHINinBIRSHAEE AN FRIREpFR KH FRHANS dTAMiNG SPeSBMRFcine:
derivative, particulsgy thescosatin aiion afod3RIpaschaGaviPihiab tipekisedin YWHOUBS 9409 1E3,

or a less gpact [ iti o . .
disclose(?? n V\%k%% é’g\g%g&ﬁ) é@%{gﬂg%%{% é&ﬁj@gmﬁ? r? %gvﬁei&ﬁ;g{%@@omlm

3D-tv1PL and“SHpPR RIS ifP PARNE ARSI R DR T VR0 iﬂ]t’or i

arndisa
preferred formsitatiylocBreficrddsijorh dlypaoimeund ditibuiamot e rveatioa argmamicuiaiyreseful for
preferably 0321 Jlhenfopniplatienisrayakisrpoutss Wbkl wWakda s Uiainmancbianopingio!
(WO 95117210 IS RSP SIERAISR LRSS AR LY TR “RERIBSa! 1o
formulation co drwg'i'ng mixing a protein o the P esent invention together with a
pharmacguticafigdace @ptivories g isrransaienaccspivPL, Unmethylated CpG containing
oligonucleotides (WO 95/02555) are also preferential inducers of a TI-11 response and are

suitable for usRniréé%o%%ﬁ%%ﬂ&%ﬁﬂg%\lejngon is a pharmaceutical composition comprising two of
more monoclonal antibodies (or fragments thereof; preferably human or humanised)
reactive against at least two constituents of the immunogenic composition of the
30 invention, which could be used to treat or prevent infection by Gram positive bacteria,
preferably staphylococci, more preferably S. aureus or S. epidermidis.

Such pharmaceutical compositions comprise monoclonal antibodies that can be whole
immunoglobulins of any class e.g. IgG, IgM, IgA, IgD or IgE, chimeric antibodies or hybrid
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Preferred compositions of the invention are those forming a liposome structure. Compositions
where the sterollimmunologically active saponln fraction forms an ISCOM structure also form
an aspect of the invention. 15The ratio of 0921 : sterol will typically be in the order of 1 : 100
to 1: 1 weight to weight. Preferably excess sterol is present, the ratio of 0S21 sterol being at
least 1 : 2 w/w. Typically for human administration 0521 and sterol will be present in a vaccine
in the range odraiboditd witt) tepeditinity 100vpy pprefes anigaboaf e dgyestisvoheD HaypriFsse.
20 The I|poso%%ggrewyagq@tp%,amuﬁﬁghemefm@%mm@@bﬁamhgmweholIne which is
preferably non-crystalline at room temperature, for example eggyolk phosphatidylcholine,
dioleoyi phosphatidyicholine or clilauryl phcsphatidylchoiine. The liposomes may also contain
a charged lipid which increases the stability of the IIpsome 25 032]&'structure for. I| t%
composed of ¥ethedeedf MAHE9 A Rasanal satbgries A R ML JL i 5T 72 F@ﬂa %
w/w, mosb preftmiablnyeﬁJé%cﬁétew&hmufe!dma)bedjSpﬂ@zt]lﬂﬁcﬁiMd\MslelBO"W@TMWfél)25ﬁo§95
preferably 20, p?rﬁ%cbd%sefesaabb%mﬂaneﬂwwfamﬁn@mym) CﬂféﬁlﬁhMWLrﬁBndelaﬁa{ﬂaF&d

mono-phosph or | 30 lipid A, also kn n as 3D-MP from

(Ribi) as a mid %F%C[%Qg 8‘?@8 gciﬁﬁ%’ﬁ%ar%bgge SEO Y 4( Bict X\q' ryﬁ E" §h %gi:ilated
chains and is mama{ﬁtwe(ﬁb}emmlnﬁmmwééﬁbMomﬁﬁmh@th%'ﬁéﬂﬁobﬁ)ﬂﬁ'm@m%@s@ﬂln
International RateaHifBmNoatiom 9tht8556. Suitable compositions of the invention are those
wherein i ]l posomes are initially prepared without Ma, and MPL is then added, preferably as
100 rim particles. The MPL is therefore not contained within the vesicle membrane (known as
MPL out), Coldletbitidss where the MPL is contained within the vesicle membrane (known as
MPL In) also [ AL ARRCEE 3 LIS IMRRLO Ml B HRRDE AR AANBIRI B IR aaicle
membrane of contalne outS| e vesicle membrane. Preferably soluble antigens are
outside and hy@fepeoBid6Mseiaed antigens are either contained inside or outside the
membrane. The vaccine preparations of the present invention may be used to protect or treat

a 10 magynal g ?é?@ﬁé@kﬁ&@eﬂ%fﬁﬁﬂ%ﬂn@éh%ﬁa@%%éﬁ’éﬂ'fa%ﬂaa saidivassinsvi SHstass or
mucosal route, § ASHE Qﬂé R ARIRGHRRMR NG 1AL RUHEeHI8Rd adding a
erEn

intraperitonea mtra og Subel aneous utes; or via mucosal administration to the
orallalimentary, resplra ory, gen%urlnary cts Intranasal administration of vaccines for the
treatment of pneumonia or otitis media is preferred (as nasopharyngeal carriage of 15
pneurnococmh@ﬁﬁ‘—@é—ﬂ&éﬁ@@%’étlvely prevented, thus attenuating infection at its earliest
stage). Afthough the vaccine of the invention may be administered as a single dose, _
components thBeedivaTdipral slsheeoeraasiristerethedgethispaAmgn %nﬁ@ﬂmg?ﬂcﬁﬁ'dmf@ﬁgﬂ’t‘-
times (for instaatisytatyhoeriatasd yitsly sasetrimidenfedigtbe 'administered separately, at the
same time or 1-2 weeks after the administration of any bacterial protein component of 20 the
vaccine for optimaheaarciraliia@btatidmen vaeciespoinsesiwitimés pedictiadpebvatitegpoboto
co-administratigs, ifheassienakdiveadiduanistiaypageptesarniriovanyeda of sgetifiarantance
administrationg, hew/fy gk ifids digesrrOdbvbiPrenrt inisambinalioniitetnrbaaishiahar atein
component of xtmb%;@%%ea LAIGHEILIA BRI Of RATURER OB AERAR utane
1a

D) and bacte r&eﬁsmm%*a%m&‘ A Eﬂ% S'Tbg”?o‘ﬁ%%ﬁ %@?ﬂ*ﬁ st

ID) and bactef] % 4oL i co Givac q}ﬁ
invention mayaB’@ %t{\éer rﬁﬁ“foﬁ’% R oos oses. The amount of

conjugaéoantfaﬁl’f‘ﬁ‘?’g%h vaccine dose is selected as an amount WhICh 30 induces an
immunoprotedive response without significant, adverse side effects in typical vaccines. Such
amount will vats déseerttiaideapens iehngeepledivaltfneaigrivelker ?é”éhﬁﬁ)%‘d"ﬁﬂ&fﬁwqt’%‘t'°"
presented. Generally, it is expected that each dose will comprise 0.1-100 p
polysaccharidEnpreresian P OPEBHAG T JBR SRIITA TIE IR UGAYee ;H‘“é‘ér’&bﬁﬂ’)eft 1 HiGt @
more pregeraliadwh pasebwincd ihiecfopgbis menerefpr@feraenmsaie . vilmine wr sietemic or
35serotype, 66, 106 R edGHeArHRSA%R W RRIRIRHIS Sy L haguel RUKESECHANER: intramuscular,
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The content of protein antigens in the vaccine will typically be in the range 1-100p.qg,
preferably 5-50pg, most typically in the range 5 - 25pg. Following an initial vaccination,
subjects may receive one or several booster immunizations adequately spaced. Vaccine
preparation is generally described in Vaccine Design (‘'The subunit and adjuvant approach
(ects Powell M.F. 8, Newman KJ) (1995) Plenum Press New York). Encapsulation within
liposomes is detsepititehesy), Fitksieonalles ResIANGOREI®IEE; POVRAVEEEThadBinH@lneieie

invention maydpg,skRiamai), selplianror Jyaidulizgg tReeferably the solution is lyophilized in the
presence of a sugar such as sucrose, trehalose or lactose. It is still further preferable that they

are lyophilized and extemporaneously reconstituted prior to use. Lyophilizing may result in a

more stable caffpasrish ¢arigne frusrrhartR dpg i asaeed FicnAMBYH Ve FrEss an
presence of 3gntibpatddivihestbabsenvefsaniadaminidvertmsied alifstait typibeaienend

Passive Imimug e R dONHCRPRESL D BN AN LA hERINGRL G BRI TR

globulin for use |n preventlo eatment of staphylococcal infection com smg the steps

of immunising'& RERSHES: With @ffé%eem%ﬂﬁaﬁ ﬁ’\?éﬁﬂﬁrwgnﬁ%ﬁpﬂtﬁfg iR bh??\“ﬂ'om
the recipient. ,ﬁféﬂmyrgegg@uhaspltﬂﬂamﬂ|byﬁhlsaﬁgethod %agfuﬁhmralgpdclsoémwwmaion.

ApharmaceutlcaLbé)Cm% tl%rr}\CrolerW? :heelrm oFsa}cgJT]%ﬁng\]N%wg Qf@r?gl 0.1-50

pharmaceutlcaeﬁ'y rreris a e inventi e 25
used in the maguiaetenablmf(wrﬂ@dtganfemlebrtﬁe ﬁe&ﬂrﬁeﬁ?dﬁ?ﬁ*eﬂ'@ﬁﬂféh‘%fﬁ%k&ib%@éﬁl
difseglse- A m%ﬁ%ﬁpﬁéreatmm%rp@wnéi%@f %aﬁlsoéaamea aiynéwfmcemméksin?@v&t@p
of administering to a patient an effective.amount of the pha [
invention is aﬂ%ﬁer aspegt &P ﬁw%plr}?ven{rlrc‘mu% rescpolns?tsz| {'@I%E% %antlﬁagwg uctﬁ%ﬁaz!lre
typically prepafeesipgtiens petinets ey iegeiMe %’Eﬁnﬁ’oﬁlﬁﬁar b&?ﬂ‘fifsfﬂlwwéﬂy’fﬁléﬁ?ﬂ@&?fﬁent
such as salinespagiher adjuvants suitable for human use to form an aqueous composition. An
|mrnunosltgnulatory amount of inoculum is administered to a mammal and the inoculated
mammal is then maintained for a time sufficient for the anot)(%h iC comP gsmon to n’kduce

& d

protective 35ahtiygR e Y95 aeRiB AR RS0 RV RIRS0PY DRSIF AL S EPY NI known
tecnniques suebnaisisiféitntyof tive destoiesipragdiner oty hadhia(iB)lenmsoelie smoagioraterjhe

maré ual 198|6) pRRERARIesEAN Wmﬂ%ﬁ(ﬁleéﬁwmW@FI%&P%&W&M&M afecarmmanly
used animails e. oats Imat on e S, SWIN ors ume S, I e
R e e h CRUE Ulest iy e bider 313, (R ¢

animals are bl& RRSmmune gI In pro uced In, ac nce with the

present iRQentisriamienn e mRRIac Snipdedanepiriisgye: B?%ﬁj’r‘?@ﬁ’t%'?ﬂ”%ﬁ 4 Rints.
Antibodies campetivhete initiiing aubikg, ahamny elassie. thd &0 dstipdatgDaoiniginehimeric

anibodies or hybtAniRRA R LS c%@é&%ﬁ@&'wlt‘?atwwem%@%mQﬁ\@ﬁgggﬁvemion-

They may als agments e ab, Fv and the like mcludlp rid
fragments, AnTHRAEFEELYBBARIIS I EIR SBCcHER AETRDR AR o PURR ERAER) En i &
proteins that atbielpesant invention.

25
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
30 lowered and further advanced whilst providing a slight pressure to elevate it under the
skin. The liquid is then injected very slowly thereby forming a bleb or bump on the skin

surface, followed by slow withdrawal of the needle.

More recently, devices that are specifically designed to administer liquid agents into or

35 across the skin have been described, for example the devices described in WO 99/34850
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15antibody by binding to specific antigens to form a complex. A vaccine of the present
invention can be administered to a recipient who then acts as a source of immune olobuiln,
produced in response to challenge from the specific vaccine. A subject thus treated would
donate plasma from which hyperimrnune globulin would be 20 obtained via conventional
plasma fractionation methodology. The hyperimmune globulin would be administered to

a“Oth?f subje%hllpgﬁldﬁfgﬁﬁgyw 'iﬁ?ﬁﬁ#ﬂfe%t%ﬂ?&@%@é H@@hse@n*etv@@aﬁat alid @ti@mgg??;f
yperimmune globulins of the inv n are parti ul for r IR0
ctaphylococo P SIRAba R ARHACHE SOk e Ve TS S el SR e
required and thi&r8, 79h81lméSi6363:8h1d VR 6 A%H 3B pHiSRIAE0xRh SS S31P rEsh I 382,335,
vaccination. AQ&dgliiangiaspecs@bi e Bveriasing pharnace)samssm P s gempusing

WO Of Mope PR O P aTeR A0\ I8 AR AN SISO Br AR NATIAR A1 ERBIRC)

reactive against at least two constituéents ol the immunogenic compaositio e 30invention,

which could bétiadermahpsatinistiiiarepft i daaeineoy LraFHIPS SHAVENSAER AN VSRR S inges

staphylococci ampriedaiesesabibyitesgissyiseords bepite dulidisy Gletidrmunas Qced/27961), or

compositions ¢ameMARACIONALANRBAIEIER bEABA MOlEHBMUTAD ORIBS Ok @k
gM, 19 nti b

class e.g. I1gG. , IgD or igE, chimeric antibodies or hybrid antibodijes with specificity to
two or more affRISAEBRRE tRTESHRIOVR LS INERY R HEMAG LR RLE ' kalv)2, Fab', Fab,

Fv and the like including hybrid fragments. Methods of making monoclonal antibodies are well

known in the agfaRdALinglEdetie DlinRbsRiarieeiesdtimkelm wasliskiioblansad
Milstein 1975 Natug,e 56; 4?}5?; Antibodies - a,Iabor,atorl(}Jg n]améa‘llolﬂu%g)wa%% ang vlo @r% ' of
Alternatively, O Areyd ad&[ﬁ@ﬁt BARGE Dbt dire ‘%y‘ uc'reenlng' suﬁall%fé' phaae display
library (Vaughbetweest aiioro99Nakard Bibtelehnology 16; 535). Monoclonal antibodies may be
humanised or part humanised by known methods. 19 Methods The invention also

encompagses-etnodof akigrl RGP AF-GeMBP AR AHANAHRIBER AldAfon may

invention,

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 rﬁay be “low
dose". Accordingly the protein antigens in “low dose” vaccines are preferably present in as
little as 0.1 to 10ug, preferably 0.1 to 5 pg per dose; and the polysaccharide (preferably
20 conjugated) antigens may be present in the range of 0.01-1pg, and preferably between

0.01 to 0.5 ug of polysaccharide per dose.

As used herein, the term “intradermal delivery” means delivery of the vaccine to the region
of the dermis in the skin. However, the vaccine will not necessarily be located exclusively
25 in the dermis. The dermis is the layer in the skin located between about 1.0 and about 2.0
mm from the surface in human skin, but there is a certain amount of variation between
individuals and in different parts of the body. In general, it can be expected to reach the
dermis by going 1.5 mm below the surface of the skin. The dermis is located between the
stratum corneum and the epidermis at the surface and the subcutaneous layer below.
30 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.
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15 A preferred process oi 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 20 The invention also
encompasses method of treatment or staphylococcal infection. particulany hospital acquired
nos000rnial infections, This immunogenic composition or vaccine of the invention is
particularly adyantageous to 25 use.in es of elective sur j Wi e
date of surgeré if rag\%e cé TER%“E?)%WB ?e%%cm‘é Iéﬁ,'ir‘n I%d\éj ﬁc%e’ﬁfgﬁéﬁ gﬂé)ﬁ%{fﬁgﬁqﬂl k@%{ﬂ{er
the patient vriff BREII5BERR HPE R 8 AR %WEPM%&% _?ec R It IS preferre %Xprﬁ%guléte
with a vaccineBMRs RRBRARR PR M iR iR S RNt 1L diied above, Preferably
adults over 16 awaiting elective surgery are treated with the immunogenic compositions and
vaccines 6f 30the prafemebamidgdiniss, dweatienéoaaitnnelegiifesHERRh care workers with the
vaccine of the invention. The vaccine preparations of the present invention may be used to
protect or treapauabBranerontseaeentibtetofintertientidyisreaescd fredministgent saitbvsitieme
via systemic ogfMHEORRLHALHE in RS enafiiiitickatiing Maycineldste tlejeetian via phevention of
intramuscular,(idropesitensabdJiras Rl O pRibeiaPeaLHatph)iR Fotm agaktion.
administrgtion to the oral/alimentary, respiratory, genitourinary tracts. The amount of antigen
in each vaceing G9se. s SRR AeRfR Ol IS {0dAERiaN ABUNAPEUBRIN FRRR s
without significant, ara]ver e Lide ecﬁe%as N typical vaccines, Sug anflo%s\ml I %ﬁ(é/cgcﬁpqndglg
upon which speeoé 5’ﬁ‘ﬁﬁ1uﬁrb e?'mgre p‘fblye g(r:lac! hsbﬁ'isiscspgseentgd. e pérotein content of
the vaccine willgjpRalig Reelably (4e4 P28opg, preferably 5-50pg, most typically in the range
10 - 25pg. Generally, it is expected that each dose will comprise 0.1-100 pg of polysaccharide
where pré8entThrdfanssisomrrisioot.o synsiesicrns (FemprisgsiestivARrN eI by fasiveneg
preferable rangebABpuptidmatassautabie matpikicutas tatsisingar Hecassentiard bynsistadéird
studies involvi ' iate immune responses in subjects, Following an
initial vaccinat%?%jﬁjéyétlwﬁ%gﬁﬁéﬁ%bne or several booster immunisations adequately
spaced. 15 Although the vaccines of the present invention may be administered by any route,
administration Aif teferdessrigrhieat eppdisativosthited kifthirhifopaterd apesiffetainaemingpiprsated

present ingentignektunenhgkémcomprises an outer "horny" cuticle, called the stratum
comeum, which overlays the epidermis. Underneath this epidermis is a layer called the
20dermis, whigh srytiiRR QL AN itReh TR BEANSRH SHiRPH SR BRERIGIETS havieisb avesthddrth.
Injection of a vaccine into the skin, and in particular.the dernnis, stj S.an.d -
response, which ?ﬁ%}?xaafEBF Seazraes*sgc'; A e\/%/)i {'Laﬁ%lhartr'%]e?rqf ggg?ﬁ&%%%ﬁ%@ﬁ%ﬁi@@%al
vaccination withelseopaetihe Sieresienieenyai@iR®orms a preferred feature of the present
invention,g
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25 The conventional technique of intradermai injection, the imantoux 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 30 lowered and
further advanced whilst providing a slight pressure to elevate it under the skin. The liquid is
then injected %@Iﬁlﬁfgy thereby forming a bleb or bump on the skin surface, followed by slow
withdrawal of the needle. = More recently, devices that are specifically designed to
administer oyl AgenIsiola L anagoss as iRy bcansscsisasmdor example the
devices described m WO 99104850 47 and E , also the et injection devices
described for example in WO 01/13977; US 5,480,381, US 5,599,302, US 5,334,144, US
5,993,413 UAS@Ba90812, US 5,569,169, US 5,704,911, US 5,383,851, US 5,693,397, US
5,466,220, US\5,339e63 bLFidid 2435, Wyh@fdi62iol S aHikIddBeb Ssheall, 639, 16
4,596,556, US 4,790,824, US 4,941,880, US 4.940,460. WO, 9.7/3ZZ05 3 ;
Alternative méfﬁBZ(%oS??ﬁﬁla%eéﬁn dl e&ﬁ‘ﬁ%ﬁﬁ‘.ﬁ?& o f%éﬂ%c%i%%épéé Qapgé}qla\égﬁtgyzﬁr%cégéh

conventional Syriregeioraplasié afE24erl SREE gueighalp ot ORI SedaRA/HEehes

(WO 99/2796 hloRinteanaiiansal Riie Hemiy\hr Sty \We 0812 8037 \;-majpplied to the
surface qf.the skin (transdermal or transcutaneous deliver, WO 93/20734 ; WO 98/28037). 10

When the vaccines of the present invention are to be administered to the skin, or more
specifically intbherermisetheccine is in a low liquid volume, particularly a volume of
between aboukipras mkand-0,2 nsi-AGTESATOGHTAGATTGECATATHARKAT bAMAdeidrmal and
vaccines of the preseNt IRMARIOR TArBRBIMIRFde-eAAYEAtional doses as iound in
intramuscular vaccines (see abg Oe(g) H r At #I SK49-F A nal vaccipe
that the formuf&®shs may be |OV\§V- @88g§¥§|%é¢g?§ %?g#aﬁté?gl antlge'rt;l\sgi\si!;r;8 %%%%e" ol
vaccinestare S6RCANG PreSeAT G\ D T I 164Y, preferably 0.1 to 5 3.tg per dose;

and the polysaggharide (preferably 28eanE g eAi>ICIPRRS AGHCTT ROESERLTICBIE rangeaat
0.01-1 g, and Q—ﬁ;!&ﬁ-? Jﬁspé_ aride per dose. As used herein,
the term "intra%egég;;ﬁgﬁe/ very' %t‘g%%e(}gﬂver of t{“lReRvaccm%g to the region of the derrnis in the
skin. Howevef 1heAvaccinewill notFrEG@ESHA] BeoRGAMNELAGITENA S HRE dermis. PAZ
derrnis is the Igp@0AAGBE TKITOGOId TET@agmGIoutT CAMGE'about 2.0 mm from the surface
in humanyskingbyt there is a certain amQuaEelaFialionewesAddispisand in diffegagt
parts of the body. In general, it can be expected to reac ermis by going 1.5 mm below
the surface ofﬁé%ﬁ%Tﬁ%ﬁaﬁmé%ﬁ%TﬁéMﬁ#hfﬁgt m corneum an|d the epidermis
at the surface $ar@ the subcutaneousTaySCHEONC BCLEHAMeTR RN FAfe-Bf deliver?nthe
vaccine may Utimpaighceataaatedsaleyrerrpaeatidynatiiathe dermis, or it may Otimately be
distributed within the epidermis and t %%%B@%T&B%%A %ﬁem&me inventi%és a
infection i

method of prevgﬁ ing or treating staphyfococca ction or disease comprising the step o

administ@fing #GRAMNGIIJER Id&HPe4iTieA B EEEH{<0 the invention to a patient in need

thereof. Ebh 5'-AAAAGTACTCACCACCACCACCACC-3' and
5'AAAAGTACTCACTTGATTCATCGCTTCAG-3'
Aaa = 5-GCGCGCCATGGCACAAGCTTCTACACAACATAC-3' and

5'GCGCGCTCGAGATGGATGAATGCATAGCTAGA-3'
30 IsaA — 5-GCATCCATGGCACCATCACCATCACCACGAAGTAAACGTTGATCAAGC-3
and 5'-~AGCACTCGAGTTAGAATCCCCAAGCACCTAAACC-3'
HarA - 5-GCACCCATGGCAGAAAATACAAATACTTC-3' and
STTTTCTCGAGCATTTTAGATTGACTAAGTTG-3'
Autolysin glucosaminidase — 5-CAAGTCCCATGGCTGAGACGACACAAGATCAAC-3'
35 and 5-CAGTCTCGAGTTTITACAGCTGTITTTGGTTG-3'
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In a preferred embodiment, the patient is awaiting elective surgery. A further preferred
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,
preferably post-surgery staphylococcal infection. 10 The term 'staphylococcal infection’
encompasses infection caused by S.aureirs and/or S. epidermidis and other staphylococcal

strains capabluRl¥gisingmidasgion in a MMAAEFASADRFSTERY AL RGI. & tern?gd
"comprising”, Yo0pUsECEMd: TTOMPASES ThaBATaRCBENded by the inventors to be optionally

substitutable yijthe terms "copsitiIocRBEENAEABRASRINEI MCEERRSIIEY . INyery
N OCRPBRERAEA

instance, references or patent ag ications cited within this patent specification are

incorporated ZQ%Q}Qéf%T@ﬁ@@ﬁ@FeArﬁ. I é’ﬁﬁm}ﬁg"ﬁ%ﬁfﬁﬁmay be better understood, the
foilowing eéxanyaBs are-set fATATNETE CAGROIES e 06 PORRGEEGATUS2ition amly, andbare

not to be consgm&ee&i;&ig%g‘gﬁwgﬁg%%%_&any manner, 25 Examples

Exam_ple | Construction of Plasmi e ecombinantproteins A Cloning. Appropriate

Ss :
restriction site¥BRBineeredinto oligdnGAEHHEAS SPECHT FOAMEIGHRAEEN Pgene  and
permitted diresthBalrciooiaEaANeCE2R THIAGCTNEATHe3EGO/ expression plasmid pET24d or
pOE-30 such that a protein could be expressed as a fusion protein containing a (His)6 affinity

chromatography tag at the N- or C-termjnus. 10 The primer were: .
1% pTt>1/e CR products were first introduced into ep%él\}ll-ﬁ'egoningevector (Novagen) using

Top10 bacterial cells, according to the manufacturer's instructions. This intermediate
construct was made to facilitate further cloning into an expression vector. Transformants
containing the DNA insert were selected by restriction enzyme analysis. Following
digestion, a ~20pl aliquot of the reaction was analyzed by agarose gel electrophoresis
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, MRP, IsaA was carried
out using the pET24d plasmid and cloning of CIfA, SdrC, SdrE, FnbpA, SdrG/Fbe, alpha
25  toxin and Shi 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 wel!l 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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Alpha toxin -5'-CGCGGATCCGCAGATTCTGATATTAATATTAAAAC-3'and
5'CCCAAGC1AATIIcTCAIl CTTC 1i
EbpS-5-CGCGGATCCGCTGGGTCTAATAALTAGATG-3and 15
51CCCAAGCI1111ATGGAATAACGA IGTFG-3'
CifASLCGCGGATCCAGTGAAAATAGTGTTACGCAATC-31and 5FCCCAAGCTI H

ACTCTGG Ty -5 ny

S CCCAAGC T B e o
Sbhi51-CGOGANPEIANHA BEH '&h?&&?feﬁ*@%é"ﬁ%? RO R QXA 7 377 for =10
CCAGAATGATRAT FRMVIPAICABRENTECEBES Eg Citkes it ARBA Tobeisks ARt AEY3And
S5CCCAAGCLELIMTROEhKT HedhEAPRRANGSES as well as a ~1.0 mi LB Ap/ Kan broth culture.

SdrG5'-CGCGGATCCGAGGAGAATTCA -3ak ' : o0 in ei
I AT L RS o
5 AAAAGTAGTA@d neshatar (iete ot ehetdng pvater bath. A whole cell-base ana?ysns was
5r-GCGCGCGAYplofel A s GTACTASIAGAME ARG Iatng DNA insert. Here, the ~1.0 mi

SGCCCCCTCEAGATGOATCARTCATAGIET GAAASAAS ml popropyine ube and e

5-GCATCCATGGCACCATCACCATCACCACGAAG TAAACGTTGATCAAGLC:3' and
5cAGCACTCCAE TepleeiRd ¥ CepAEsERC A TA ARGEEIZN lctocentTige (<3 iy room

10  temperature, ~12,000 X g). The cell pellet was suspended in ~200u! of sterile water and a
~10p1 aliquot used to program a ~504 final volume PCR reaction containing both forward
and reverse amplification primers. The initial 95°C denaturation step was increased to 3
minutes to ensure thermal disruption of the bacterial cells and liberation of plasmid DNA.
An ABI Model 9700 thermal cycler and a 32 cycle, three-step thermal amplification profile,

16 ie. 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
30  rpm) until the culture turbidity reached 0.D.600 of ~0.5, i.e. mid-log phase (usually about
1.5 - 2.0 hours). At this time approximately haif of the culture (~12.5 ml) was transferred
to a second 125 ml flask and expression of recombinant protein induced by the addition of
IPTG (1.0 M stock prepared in sterile water, Sigma) to a final concentration of 1.0 mM.
Incubation of both the IPTG-induced and non-induced cultures continued for an additional
35 ~4 hours at 37 °C with shaking. Samples (~1.0 ml) of both induced and non-induced
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HarA-51-GCACCCATGGCAGAAAATACAAATACTTC-31and 6'11 CTCGAGCATf 1
1AGATTGACTAAGITG-3'  Autolysin glucosarninidase -
5-CAAGTCCCATGGCTGAGACGACACAAGATCAAC-3' 35 and

5 -CAGTCTCGAGTACAGCTGT-T-TTTGOTTG-3' Autolysin amides? -
55-AGCTCATATGGCTTATACTGYEACTWCC-3' and

5'SCGCCTC%@&TMQ\TJ@@@Q&ﬁ&T%C%n period and the cells collected by centrifugation
IsdA5'-CAAGICCCATGGCAACAGAAGCTACG GCAAC-
5'ACCAGTCT€§A’E§CI[%\%%®"9?K @?’Rg "I‘@éc?'ls% é‘ﬁ%at?%ﬁ“g't‘&‘@AE?&&?"ets were
GAGTGTGTCEARUISHTIT G581 SricrtsaTionn mked Athcancaudt Kyt @t desmell
MRP11s"-GATSBEPASEAR skl Uit A6saind AaeiCapibatidiasicland placed in boiling water bath

> AGCTCEC fPATh %%ET?J S%QJ EQld vhidHeE 11 g&mﬂvﬁté Wese fsstiniduped

into the pGEM-T cloning vector ‘e]en |ng Top10 bacterial cells, according

manufacturer @MstHR:tiBsNPHSdntesin RS corERr erdRds AP YR itate” fur?ﬁ'é?g&ﬁﬂﬁtg
into an exprespuyacgiaroidel gahSfonmamitk dnitgetindidihex D NAdnsdrtaderedseladiddeby lysate

restriction enzyme,Raalysis. AN SHGRNS -3f %%H@h@ﬁthﬁd%{ﬂé&o%\t anateed
by agarose geLs IectrophoreS|s 15 (0.8 % agar ?je in (? Tris- acetate ST%E} Huff @c"[])NA
fragments wer ?/?&léqrze'&‘@)’/‘ UNPIRInTRAESHe técfgﬁtr‘bsbrfﬂ)r%s?s anJ et un

miae
staining. 20 DNAnmiogksffar (ﬂz@g&nﬂaﬂg\r{ﬂg@e@tmortﬁh Te AAONGGi8igjwé&vith commassie

eiectrophoreswiﬁrﬁasﬁkeImsb t(moteéa)saﬁuolemr&ytaﬁeus&ﬁ i estiaatevie sizeind ibele
e BT R SR L8 SRRSO FRALARD R RO o

sequentlally dl esefe 0 com rop rlate restriction enzmes as recommen

by the manufa®@&reNqrste f%dl’?nb‘lﬁ@'eé) CTH&"@HQ%&'@B@I\W‘"B%@W QAR FRRAFEE ﬁ%‘ilng
silica gel-baseToomin'sahishasoprizd % )igatielerbiifiéhe Biotldgt afr hE mSohpiasnaad Gidibmly of

Ebh (H2 f:regntﬁsutaw Wé%éﬁgﬁwédaJ&of%Fhé“iB'ﬁ?e?ﬁod%twgl%WﬂH“ﬁve“éRPA'%&%’EaI
carried out usm%; $ET24 plasrnid and cIonln%of CifA, SdrC, SdrE, Fn%@y&ﬁn&ggtbg o

alpha 25toxin AREREP Wiise® AhedolRIgwena TReerd @B’faﬂm OB
expression vetiBP (Rispaeparetheised tessiofinpldsen@xnestRadaod deenihaofidieigraminenias

similarly digesigetdm C%E’é‘ﬁi@l@)ﬁv&h@m{?@ﬁ?@tﬁ%&?GHQ&u@%(R@ﬁSwé@aﬁthwwdm@ﬁgl)éuﬁréﬂld
30 molar excess of djlgse?tgg fra m nlts to the > brepaf, [@ for was “eed pLoRe) f]&%@m éh}e
ard thods we

ligation reaction. A stan pl g on reaction @1 ours), using me
known in3te afheii4TiReSEERTEPYRAT 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'Compefﬁ&ﬂ]ﬁﬁﬂ%?%@j%@@ﬁlﬂ%ﬂﬁ%ﬁdﬁ@%im the art. Following
Bacterial strain
A recombinant expression strain of E. coli M15(pREP4) containing a plasmid (pQE30) or
25 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
30 YT broth (Difco) containing 100ug/ml Ap and/or 30 pg/mi Km. Antifoam was added to

medium for the fermentor at 0.25 ml/L (Antifoam 204, Sigma). To induce expression of the

recombinant protein, IPTG (Isopropyl B-D-Thiogalactopyranoside) was added to the

fermentor (1 mM, final).
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35a -2-3 hour outgrowth period at 37C in -1.0 ml of LB broth, transformed cells were plated
on LB agar plates containing ampicillin (100 ugiml) and/or kanarnycin (30pg/m1). Antibiotics
were included in the selection. Plates were incubated overnight at 37C for-1S hours. Individual
ApRiKanR colonies were picked with sterile toothpicks and used to "patch” inoculate fresh LB
ApR/KanR plates as well as a -1.0 nil LB Apt Kan broth culture. Both the patch plates and the
broth culture Vﬁ&d@ﬁ&p&t%&ﬁﬁmﬁ%&bﬁzc in either a standard incubator (plates) or a
shaking water bath, A whole cell-based PCR analysis was employed to verify that
transforrnants contained the DNA insert. Here, the -1.0 ml overnight LB ApiKan broth culture
was transferredndeane®eriapdiign®pylene tube and the cells collected by centrifugation in a
Beckmann migroeenikuagded 3ami rined aithdshtesmpe tatureM- 2240012 Xudturd heasegrpetiebvas

suspended in 20001.9% SIoL1S st 300,2-AQRT AlHALHSEPTANAR - AAREERk e

volume PCR réaction cont aihing bo and revefse ampli |cat|on%lgr|mers The initial

95C denaturatRsHesteps Ry sRerdad dyRbrshals ket a0l EAHE AR QSR Orlding @
bacterial cells pratetibe fatibiorabpkesinToishiApIA wa B Libjkmtiks] @mnd:tepmatm?dyatsanmgitﬁzo

cycle, three-stgn Rl A RHARD A RgHRd 0P nfRASCLPR 06 rith 3RE s(BdRardn:
min., were used to ampllfg the BASE203 fra%ment from the | dtr%%ﬁ‘ ant se\m&)’as then
yze

FoIIowmg ther®ied BN doiraer RHgRIABASF tH%%‘%%?uS 59 508ro%e Gel
electrophtPesi®edadl ¥n adiiryEa insin TXK-HcohmrERbIMETIAENHififeigsiD Qlﬂg‘?ab?ﬁéﬁt@wdr@

visualised by |§VMWW2W RAgpog! eﬁtm@ﬂ%ﬁ&ifg&ﬁéi ﬁh&&ﬁh@@m\iﬂeﬁé@im& WHNA
e SlzeBSt# E géblfxgﬁ% dgt Eﬁ lOI BP?B} I§§%h ﬁﬂf&roducts gr&u

with the test sampies S WAE St tB detimate e Siza rans orra
that produced %@%éﬁé&%&é’@@ﬂ’ﬁﬁﬁﬁ‘dc@m%érﬁfffé&f%fs%tf%tﬁfm MehERRAPE D rBt@m
expression comginICt (BXPResivRMIaZIDICanieibing Sterinadder ddesfeanslyiedpoporton of

inducible fPr SR LRGN h RISy 75, 1o 9En ARNSRAABCRIRas S

Transformants. An ali e overnight seed culture ‘ﬂ}& 1.0 ml) was inoculated into mi
erlenmeyer fIa§R'E%JH'E?;ﬂm§'iﬁ ??HPOF“LQEEAB?REH bfGff @\?&s%\%mﬂﬁayfﬁg RS (ﬁgﬁéﬁb
(-250 30 rpm) UhiZFBd/sRitB hibiditiSMdatiidd 0.0.600 of -0.5, i.e. mid-log phase (usually
about 1.5 - 2.0 hours). At this time approximately half of the culture (-12.5 ml) was transferred
to a second 125 ml fI k and ex ressmn of.rec nant P[o uced b n

IPTG (1.0 M st '&E E dr&f? gr‘?ew Er: Ign?%'tg% fina Conc%h%‘r% %’réfo(%?%%gdah&) a|8ha
IncubatioRlof beHinthe IPTG-induced and non-induced cultures continued for an additional
35-4 hours at 37 C with shaking. Samples (-1.0 ml) of both induced and non-induced 52

cultures were r@mgyggng{agﬁérb%ﬁg%%lon period and the ceils collected by centrifugation in a

microcentrifu 3 minutes, Individual cell pellets were su &anded in

-50111 of stenf@%tﬂ?stﬁgﬂeﬁniba i &ﬁ’l@&ﬁté?\ﬂﬂu?ﬁé VD R0 S IEE SN RO fb
buffer containiagdtmerdeptecTihanaliasdvakated icebbifiggdiatté0attpr for 16 minte® afshtirire

protein. Eggial ¥olMes kol 9&4&@#& H@%lﬁzﬁmmﬁi&tw@p@mwﬁmma

ysates were loaded on lica rlst cine IF ide 1mm thlck Man| %Is

Novex). The mﬂrﬁ&eeﬁf%wadﬂé?c gﬁ'ﬁe& S48 L gg%gf P top 8resssé'de O SHar @

prestained mohﬂnmsmafghﬂm@eM@Se@Bﬂu&gﬁm&omtﬁﬁﬁeﬁi%F%nm@ﬁ&eugmﬁ a

standa(ljrd SESWé%i%}dQU‘IﬁbpihQthﬁgiﬁ'Nfgzr'éfg!déﬁ%%ﬁ%Fﬂrdiogg%gﬁi@mggbmmcfmﬂahﬁﬁs

stained with corp qle rilliant blu ioRa es Rlizenayel,
il e e AT

IPIG-inducible prote S Was et onto rane 045

micron pote sif) NblesyidptE rrs éi?ﬂt Qe 4 BRIRIENRARMBSo IS SARISMAG SHvHHIRTS
and Towhin's mett@nrilu{2e 40) soB08er dndftes, S eckitan Dl tisesheneldrion &xdnet pudiivatiyn. THe

incubations w f C 0 |
AN-RGS (Hls%ﬁgﬁﬁ)‘afé?etﬂeﬂ BQB%W% a”ilﬁth?ﬂsr&ﬁl (RN b&%aﬁhaﬁﬂmgomqmi resin

followed by a second rabbit anti- mouse ntlb
R gt I LI o D R W T
Visualization obﬂaesagmdﬂtBesﬂumwygeabawlpmnmwasPmﬂemlwwgl@lmeaﬁ (Gt Urea,
insoluble gyibstsatANsHSIRG, Tye e With theArparshanurérlc (8m Urea, 0.1MNaH2PO4, 0.5M
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20cherniluminescence system. Example 2: Production of Recombinant Protein Bacterial
strain A recombinant expression strain of E. cot/ M15(pREP4) containing a plasmid (pOE30)
or 25131.21::13E3 containing plasmirl 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 30 "YI" broth (Dike) containing

100pg/mi Ap ap@pio3A merine! s, Antiligarn (easared eol inaediroa, fo1st &léeINoeHid Tais OpPE
ml/L (Antifoarrg} ggdéfn?%m@e} L o(émjclfgrg gwﬂwé%%ih%_wq@@p%moqqig, HAG Esomeny!

B-D-Thiogalactopyranoside) was added to the ermentor (1 mM, final).. Pro ucﬁoggct)%
recombinant pRIGTINEIHAEIPIBHIRS GhHRAUTGRLIIS PRIUDA S UiSePRes S RBISEOniFstion D1
rM and the cylinsgwas-@rambintort gradiittonil brososibTiheddultuselwias daegidcceiitrfadeal His

6.000 romyfor g miignAdd 1R RelclHaREHARPORRBAIRsRONE DUEREAS At 4
K2HPO4, KH H j;gpcu Ing a protease inhibigr cockta .1T %s %«3 vg%igumg_ﬂeg to
French pressdl‘@%yé%M %08‘%151\4 Jﬂfé'gﬁf'epﬂ'?uﬁg.uﬁﬁ’?e centitagalion for 30 miNUtes at
15,000 rpm, theHsupersatarginissanese AR iSH ARE4aF IiRat atidr dhipNABChASYRIeRiT6-
0.5M. The sample was then 10 loaded on a NI-NTA resin (XK 16 column Pharmacia, Ni-NTA

resin Qiagen) conditioned in 50mM K2HPQ4 PO4 7. Af ingth .
column was Wigﬁéﬂe\;pl?ﬂ gfﬁf%?e% %{P @%%&"‘BT{@I &?M%é%ﬂ%% ' g%i?r%%ﬁl’%% ute
bound préfein 2acksteghgradient ws used where different proportions of buffer B (0.2M
NaH2PQ4 pH7, 0.3M NaCi, 10% glycerol and 200mM imidazole) were added t_o_buf_fer A. The
proportion of 15, Qo W gl pleass LB AGRS L0 eLALHiation pigsed

[y i
fraction containlngpﬂ!}e protein were po&%g’g,_concentrated and dialysed against 0.002M. .
KH2PO4/K2HBeskep pRtive qesgitieasdplpha 1ex8)Aet o W&?\Gs‘é’d“ﬁgp‘ﬂﬁﬁ/ %T\ﬂ?%g%(‘r%?%’\%}&?"s
IsaB, HarA, AtigiitCesarstinenandiglpbsa®2dtd®in. Under denaturing conditions 1PTG was
added atfgfinal concentration of 1 rnM and the culture was grown for 4 additional hours. The
culture was then centrifuged at 6,000 P for 10 mjnles and the
on of Poly es

Example 3 Prepara sacchari

PNAG is prepared as described in Joyce et al 2003, Carbohydrate Research 338; 903-
922.

20
Type 5 and type 8 polysaccharides are extracted from S.aureus as described in Infection

and immunity (1990) 58(7); 2367.

LTA is extracted from staphylococci as described in Fischer W, et al Eur. J. Biochem.
25  (1983) 133; 523 or as described in Morath et al J. Exp. Med. 2001; 193; 393-397.

Activation and coupling chemistry:

Native polysaccharide is dissolved in NaCl 2M or in water. The optimal polysaccharide
30  concentration is evaluated for all the serotypes and is between 2mg/ml and Smg/m.

From a 100 mg/ml stock solution in acetonitrile ,CDAP (CDAP/PS ratio:0.75 mg/img PS) is
added to the polysaccharide solution.1.5 minute later, 0.2M triethylamine is added to
obtain the specific activation pH (pH 8.5-10.0). The activation of the polysaccharide is
35 performed at this pH during 2 minutes at 25°C. The carrier protein is added to the
activated polysaccharide in an amount sufficient to give a 1/1 molar ratio and the coupling

reaction is performed at the specific pH for 1 hour.
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25 pellet was resuspended in phosphate buffer (50mM K2HPO4, KH2PO4 pH 7) including a
protease inhibior cocktail. This sample was subjected to French pressure lysis using 1500 bar
pressure ( 2 runs). After centrifugation for 30 minutes at 15,000 rpm, the pellet was washed
with phosphate buffer including 1M urea. The sample was centrifuged for 30 mins at
15000rpm and the pellet was resuspended in 8M urea, 0.1M NaH2P0O4, 0.5M NacCt, 30 0.01M
Tris-Hcl p118 and kept overnight at room temperature. The sample was centrifuged fro 20

minutes at 15Q00rpm and |he supernatant was collected far furt ification,.: gaple
was then Ioad-eraeé‘nﬂéer(ﬁﬂﬁtl'ﬂ"r@éﬁ’ﬂe&ﬁe?év '&ﬂﬁ%ﬂ anrggléyfﬁ%%%égﬁgglag%ﬁﬁ '
conditioned in 8M urea, 0.1M NaH2PO4, 0.5M NacCl, 0.01M Tris-Hci pH8. After passsage of

the flowthrougisdhe Gaddms Masummshedeuarssitelsmdts bepfeicdl @dHBredl filtration column
350.1MN 2P061|m§) §M3’\3\’I%%I &%&% Tris, pH 8,0), buffer C (8M Urea, 0.1MNaH2PO4, 0,5M
NaCl, 0.0IM T : p[—él 8 , bu M Urea, 0.11VINall2P0O4, 0.5M NaCl, 0.01M Tds, pH
5.9) and buffer E (8M Urea, 0.1MNaH2PO4, 0.5M NaCl, 0.01M Tris, pH 4.5). The
recombinant prateicawabyatate chfid mrtingncobmtentsl wfirtgeveisteds fraittiobe fse DieiemnRed héhe
denatured, recombinant protainEaUIAPS SAIIHZRE iBrR SR dRYAIA weadardhisThe
purpose, denature c)Eroteln contained in 8114 urea was sucé%%srﬂsév ly dialyzed against 4M

urea, 0.1MNaZEdAot B IRKos & RGOSR PIRRIAISNH2E 4, 0.01M Iris-HCI, pH 7,1,
03M argintne and 0.002M icH2PO4/K2HF04 p1-17.1, 0,15ki Naa, 0,5M arginine. This
method was uged ia-yidbtisRh (H2 fragment); AaA, SdrC, FnbpA, Sbi, Atkamidase 10and

IsaA. The purified proteins were analyse SDS-PAGE, The t gne protein purified
under native cgﬁﬂhﬁ?ﬂy%gjﬁﬁsacﬁﬂ %%%g(f?r)lyepf)(%{réﬁnﬁ)ﬂ 8acfﬁtﬁl%%§§gfrr$agtu'ring conditions

(Sdre) are shoWe prisgasbarigesrientis MppteredmihaBermioblesiAdhe REigBRORRNDY

prepared as describes t8sdopefiaii P03 afaibo)iydteniResdsy te 388, 903 @R2efyptiobsand
type 8 po! accharides are extracted from S.aureus as described in Infection and Immunity
(1990) 58€); 2367. LTA is extracted from staphylococci as described in Fischer W. et al
Eur. J. BiocheRe8yabB¥APeonient Palia Rl ined in Morath et al J. Exp. Med. 2001; 193;
393-397. Activatioractivdticoupliticechelpsisteparide NihiveQrdly iusshigeiti @ iS\HRieaawh NeldE2M
or in water. The gotimal RolysaFEhaise ARFARARRHMIS iRy AluRieREar ahthesatalypemand
is between 2ifiglmi and 5nigiml. ng)m a lOfO m#/mc?t\cl)élé S%'%Hg%ii? gt%(atg[g} Ig ,CDAP
(CDAF/PS ratit?6'9% ﬁg?ﬁﬁ J Y 3 RREG1B IR hOR Sacchatide e, T8 minute later,
0.2M triettdylamine is added to obtain the specific activation pH (pH 8.5-10.0). The activation

of the polysacqi;géigg,' e hasritR Qe By PH during 2 minutes at 25t. The carrier protein is
added to the activated polysaccharide in an amount sufficient to give a 111 molar ratio and

the coupling reaction is performed at the specific pH for 1 hour. Then, the reaction is
quenched withTlly ferepdyROahAridecsBie BN CoalvgaskekaRy At 4ier stored 7 days at 37°Cis

determined on the supernatant obtained after incubation with a-carrier antibodies and

25 saturated ammonium sulfate, followed by a centrifugation.

An o-PS/a-PS ELISA is used for the quantification of free polysaccharide in the
supernatant . The absence of conjugate is also controlled by an a-carrier/a-PS ELISA.

30 Example 4 Formulation

Adjuvant compositions

Protein, either individually or together, from the above examples maybe formulated with

the staphylococcal polysaccharide combination and as adjuvant, the formulation may
35  comprise a mixture of 3 de -O-acylated monophosphory! lipid A (3D-MPL) and aluminium
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The conjugates are purified by gel filtration using a Sephacryl 500HR gel filtration column
equilibrated with 0,2M NaCt. The carbohydrate and protein contents of the eluted fractions are
determined .The conjugates are pooled and sterile filtered on a 0.22pm sterilizing membrane.
The PS/Protein ratios in the conjugate preparations are determined, Characterisation: Each
conjugate is characterised for protein and polysaccharide content. The polysaccharide content

is measured by Hiexidesercinal test-anseiingearoteiosiaaitohbyiphe ABDyMESs). e doairRSiPD
ratio(wAV) is determined b tio of n NS ' (o)
5). The At S B e R O ke LRty

polysaccharidéardatsmmity cheipsieinly PR NByRERH AT S IRE0Y ALY RIS content

is determined by a specific assay developed and validated at GSK. Free polysaccharide

content (%): Th {iBe:RQIYSEREARLINERMRNS RIAINARIBSIRREAARSE Areaspiadrt damat

37Cis determined on the supernatant obtained after incubation with a-carrier antibodies

and 25saturat8893HNRBRIGHP SAAK GBI a centrifugation. An a-PS/a-PS ELISA is
used for the qéapeifivatisnpef e oy LA8KhBKIKGinlshbasapeheratial BRaVEssambippd with
conjugate is alpRiGAEAISSL Ry YR SHAIRES oM kIRfncdl EnpaniHe fyfecsmasiiatie imfviljniyant

compositions Protein, either individually or together, from the above examples maybe
formulated with the staphylococcal polysaccharide combination and as adjuvant, the _
formulatidf m&83%: cisrapeiseratimruiitedigma wudeyisiaat Hdhe BRBSHHBR RifiRa-SEserRieL )
and aluminiumvidivdrardee woicaf Radea Greytateilvann ephogphiordtiptdsAn@D-dviehspefic
aiuminium phqsrﬁhﬁé;sroﬂ{ ?’Aﬂawgrl'd%r\‘a@{o%%%réf%ﬁ&@{y in an ail/water emulsion, and

{ifted With cholestero

optionally form , or aluminium Salt alone, preferably aluminium
phosphate,
Vaccine containing an antigen of the invention containing 3D-MPL and alum may be

15  prepared in analogous manner to that described in WO93/19780 or 92/16231.
Experiments performed at GSK Biologicals have demonstrated a clear synergistic effect
of combinations of 3D-MPL and QS21 in the induction of both humoral and TH1 type
cellular immune responses. Vaccines containing an antigen such antigens are described
in US 5750110.

20
The oil/water emulsion is composed of 2 oils (a tocopherot and squalene), and of PBS
containing Tween 80 as emulsifier. The emulsion comprised 5% squalene 5% tocopherol
0.4% Tween 80 and had an average particle size of 180 nm and is known as SB62 (see
WO 95/17210).

25
Experiments performed at GSK Biologicals have proven that the adjunction of this OW
emulsion to MPL/QS21 further increases their immunostimulant properties.

Preparation of emulsion SB62 (2 fold concentrate)

30 Tween 80 is dissolved in phosphate buffered saline (PBS) to give a 2% solution in the
PBS. To provide 100 ml two fold concentrate emulsion 5g of DL alpha tocopherol and
5mil of squalene are vortexed to mix thoroughly. 90mi of PBS/Tween solution is added
and mixed thoroughly. The resulting emulsion is then passed through a syringe and
finally microfluidised by using an M110S microfluidics machine. The resulting oil droplets

35 have a size of approximately 180 nm.
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53D-MPL: is a chemically detoxified form of the lipopolysaccharide (LPS) of the Gram-
negative bacteria Salmonella minnesota. Experiments performed at GSK Biologicals have
shown that 3D-PAPL combined with various vehicles strongly enhances both the huinoral and
a TH/ type of cellular immunity. 10QS21: is one saponin purified from a crude extract of the
bark of the Quineje Saponaria Molina tree, which has a strong adjuvant activity: it activates
both antigen-specific lymphoproliferation and CTLs to several antigens. Vaccine containing an
antigen of the iuaRis containing 3D-MPL and alum may be 15 prepared in analogous
manner to that described in W093/19780 or 92/16231. Experiments performed at GSK
Biologicals have demonstrated a clear synergistic effect of combinations of 30-MPL and 0329
in the inductioAnfabgxperine@sand TH1 type cellular immune responses. Vaccines
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Cal/mouse, Morta ssessed on a or 3 days. The 50% lethal doses (LD50s) is

estimated by (¥ith§ 4pAIBR AiEaRI G E% dose-

20 Example 6
General Methodology of Determining Antibody Responses in Various Mammals

The sera were tested for IgG antibodies to the staphylococcal polysaccharides by an
ELISA. Briefly, purified capsular polysaccharides from ATCC (Rockville, Md, 20852) are
coated at 25 pg/ml in phosphate buffered saline (PBS) on high binding microtitre plates

25  (Nunc Maxisorp) overnight at 4 C. The plates are blocked with 10% fetal calf serum
(FCS), 1 hour at 37 C. Serum samples are pre-incubated with the 20 ug/ml cell-wall
polysaccharide (Statens Serum Institute, Copenhagen) and 10% FCS at room
temperature for 30 minutes to neutralize antibodies to this antigen. The samples are then
diluted two-fold on the microplate in 10% FCS in PBS, and equilibrated at room

30 temperature for 1 hour with agitation. After washing, the microplates are equilibrated with
peroxidase labelled anti-human IgG Fc monoclonal antibody (HP6043-HRP, Stratech
Scientific Ltd) diluted 1:4000 in 10% FCS in PBS for 1 hour at room temperature with
agitation. The ELISA is performed to measure rat IgG using Jackson ImmunoLaboratories
Inc. peroxidase-conjugated AffiniPure Goat anti-Rat IgG (H+L) (code 112-035-003) at

35  1:5000. The titration curves are referenced to standard sera for each serotype using
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10response relationship. The null hypothesis of common LDsos was tested by the likelihood
ratio test. Sublethai bacterennia is initiated by challenging groups of 8 to 20 mice by the
intravenous (Ly.) route with - 2 x 10 CFlJ/mouse or by the i.p. route with - 2 x CFUirriouse.
After inoculation separate groups of animals are bled from the tail at specified times, and the
bactereinta levels are estimated by quantitative plate counts 15 performed in duplicate on

tryptic soy agasgtatasg\otinpaissheesbinst FEe aienpbividaseniddicsotrolatyrSysteitsyoat

Statistical signific is, determi ith, the W. I ir, tist
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37 C. Serum darthslesibaiprauneunedelddwsingroomapineipt Bgisislqsaguativheritl (Statens

Serum Institutecfigpephagampand 10% FCS at room temperature for 30 minutes to neutralize
antibodies to this antigen. The samples are then diluted two-fold on the microplate in 10%
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ImmunoLaborgigeemiieydeatrddrsestnnikgated AffiniPure Goat anti-Rat IgG (WO (code
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mg OPD (Sign"1§8 Beﬁﬂquqt'l?%uﬁ‘rM citrate buffer with 14 lit H202 for 15 minutes in the

dark at t ture. Th tion is st d with 50 ul HCI, tical ity i
020 a1 400 SrINBIINE 25560 AT STLER R BRE HEHEEIBHA R TEIATR EOPS

titration. ME.$ tonthttficatiorative proted modaietiousinighd #-paragitetey RBGisTite| ogreq satpres
calculi.” SoftMax RigseINeHE SREiRhdI00IJRGASH Sl B 616 AsbiRind SdshBi8sound

staphylococcal polysacchaddeSNis., similar with the following exceptions, Jackson. ..
ImmunoLaborSRLAMPog4 B Srigded Eﬂegrﬁﬁaﬁtgafaﬂﬁﬁiﬁﬁ%’ﬂﬂgaig Hﬂ?r{naﬁjns@ PSEEEHL)
and AffiniPureaGidmdateiHemige gBiFfy efieseansplose@to detect bound IgG.

Example 7

20 Opsonophagocytosis assay.

The in vitro opsonophagocytosic killing of S.aureus by human polymorphonuclear
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-
25 250. 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
ml of the test serum or IgG preparation. Hyperimmunized rabbit serum is used as a
positive control, and 0.1 ml of nonimmune rabbit serum was used as a complete source
for the IgG samples. The reaction mixtures are incubated at 37°C, and bacterial samples
30 are transferred at 0, 60, and 120 min into water and subsequently diluted, spread on
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HP6043-HRP reacts equally with human and Rhesus purified 1gG, and so this reagent is used
for Rhesus antiserum, The protein ELISA is performed similarly to the polysaccharide ELISA
with the following 15modifications. The protein is coated overnight at 2.0 ugiml in PBS. The
serum samples are diluted in PBS containing 10% foetal calf serum and 0.1 8/.3 polyvinyl
alcohol. Bound human antibody is detected using Sigma Peroxidase-conjugated goat affinity
purified antibottyptitc Humn arydg Glites(refed eincebAt2? 90) 3ELarfiopl2cRDid pxonb pifey angrokibt
assay. The in yitig,9pspnophagocytesic killing of S.arnais by human polymorptionuelear
leykocytes (PtvINs) is performed as described in Xu et al 1992 Infect. Immo, 60; 1358. Human
PIANSs are prepared from heparinized blood by sedimentation in 3% dextran T- 25 250. The
opsonic reaction mixture (1 ml) contains 105 PMNs in RPM! 1640 medium supplemented with
10% heat-thacEvaregefélel calf serum, - 105 CFU of Siiatireus, and 0.1 ml of the test serum or
IgG preparation, Hyperimmunized rabbit serum is used as a positive control, and 0,1 ml of

[ bit W d let for the | les. Th ti
mitures are rIRUACEASSHCE! SPETMRSESEA SR DIER ORRE DA a0 60, and 120

min into water and subsequently diluted, spread on tryptio soy agar plates, and incubated at
37t fﬁrlbacteri?lmu@tﬁ&enrﬁmmiag WU bb akied sfaw @&M@wn@emiwgf@ﬁerate hyper-
staphylocgccal proteins in mice and rabbits Apjmals,.were immynjzed wi ifi
oo cal Rruie 48 RUEE 8 IR ol e e A A R R b o e
three times (d&RENa adignied iftreer|idabritcyespdtemsizaiuiiprdmas &5ueidl. Rammit?)
were immunizedgtihzeeuigne :édnyrfeidd asdvar)edith Bpgeglofreachepseteine@dpaiiactteldand
Speen!. Immuggaﬁj%rtgd/yﬁ%tpéﬁmgﬁ?gng%@m&%g@m@tg@ﬁgin and anti-killed whole cells
ELISA. 15 e ntE.P.r.9.teitt PS:A:

15  Anti-Protein ELISA:

The purified protein was coated at 1 pg/ml in phosphate buffered saline (PBS) on high
binding microtitre plates (Nunc Maxisorp) overnight at 4° C. The plates were blocked with
PBS-BSA 1%, for 30 min at RT with agitation. The test samples were then diluted 1/1000
20 and incubated at room temperature for 1 hour with agitation. After washing, bound murine
or rabbit antibody was detected using Jackson ImmunolLaboratories Inc. peroxidase-
conjugated affiniPure Goat Anti-Mouse IgG (H+L) (ref: 115-035-003) or AffiniPure Goat
Anti-Rabbit 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
25 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
ul HCI, and the optical density was read at 490 nm relative to 650 nm.
The O.D. for a 1/1000 dilution of Post Ill was compared to the O.D. obtained with the
same dilution of Pre-immune sera.
30 '
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.

35 Anti-killed whole cells ELISA:
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The purified protein was coated at 1 pgtral in phosphate buffered saline (PBS) on high binding
microtitre plates (Num 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 20 and
incubated at room temperature for 1 hour with agitation. After washing, bound rnurine, or
rabbit antibody was detected using Jackson immuncLaboratories inc. peroxidaseconjugated
affiniPure Goat Anti-Mouse IgG (Hit) (ref: 115-035-003) or AtilniPure Goat Anti-Rabbit IgG
(WO (ref. 11- QR DRRYGIURT Js0B0 RIS e IBE Shesicslionpw o mae
incubated for 30 min, at room temperature wit itation. The 25 color evelo ing
mg OPD (Sigﬁ?é‘ig}"gdgﬁ HOgL R ?{ﬁﬁﬁ%ﬂlﬁﬂ_ gglkl?}&ﬂg}@ bousR%?t o%li%é?rﬁ?nsu%{tleﬁsg |ﬁ§tl%; gﬁrk
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of this proteintepipévatisiitasbwdaokaeplis RS Averddiler aviroleod elistifb edtropitderinchiEhy 06 %
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incubation for 1 hour at room temperatyre. The test s es were then diluted two-fold on the
ieroplats in 800D BESTIRT L T OSALER A1 e VR YA g SO A fo
temperature vitthregitatiowith Baitationy dtsirglosovasddemeleiprd ofsiam Hitagh ey HigaRd eret tdd
using JagksorHomyapLabespisHies sng.1REIaitasRtanfdg e chamliti® une tkzoabAntiiVioose
Ige (F1+1..) (ref: 115-035-003) or.AffiniPure Gaat.Anti- it . - 1035~

cted 150000 PR A08 BOR0Y s S GeralThit [T ARl o B o
room temperaf3feRithldyRAEEAR0 TAE color was developed using 4 mg OPD (Sigma) + 5 ul 15
H202 per 10 ml pH 4.5 0.1M citrate buffer for 15 minutes in the dark, at room temperature.

The reaction vas, stpPReA A LibRGIoAT diePplisehdsnsipHARsatat AR FaIAfve

to 650 Mt It should be noted that exfr])ressmn levels of Prot ins in s¥%pp¥loco§ci will vary
dependirﬁ? on culture conditions. Therefore a negative resulf may reflect the choice of Incorrect

culture conditions rather than a lack of immunogenicity.

The results using mice sera are shown in Table 5 and some of the graphs are shown in
figure 6. A weak recognition of S. aureus strain 5 is observed with sera directed against

25  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, MRP, IsdA, IsaA, Ebh, Aaa and Sbi.

A selection of results generated using rabbit sera are shown in figure 7 and summarized
30 in Table 6. 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 5
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200n culture conditions, Therefore a negative result may reflect the choice of incorrect culture
conditions rather than a lack of irnmunogenicity. The results using mice sera are shown in
Table 5 and some of the graphs are shown in figure 6. A weak recognition of S. aureus strain
5 is observed with sera directed against 25 Sdre, Fite& Ptah, Sbi and IsaA. Recognition of S.
aureus strain 8 is only observed with the serum directed against Sbi. Weak recognition of S.
apidermidis Hay is observed with sera directed against Atl arniclase, MRP, IsdA, IsaA, Ebh,

Aaa and Shi, A selection of results generated using rabbit sera are
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Table 5

Table 6 Fiftg

2Rk JrpuRs of three cotton rats were |

noculated with combinationstof eight

staphylococ¢

a @gtigens and Tie cotton rats which

1 acted as controls

were treated with

No

antigen. '!'h S Isnéteerirgroups areas follows: 5Group 1 - Atl-giticosarnine, Atl-arnidase, AAA,
alpha toxin, Sg%gdnré%bh* , : \chosarnlqe, Att-amjidase lsg'/-\ ISCIB,$drC,
Ebb, FribpA |GPoup-3—Ati-gluecosarnine-At-amidgse, HarA, sdA, MRP, We, AAA;alphga toxin
Group 4 - At} Phine -HatAsdA-MA-CIA-saA,Ebh-Sbi-10-Group-5—HarA, MRP,
AM, alpha tox¥ECIfA,_SdrC, Ebh, FribpA*Group 6L isdA,i #bQ ~MA-alpha-toxin,-CHA,-SOrG,
Sbl; FnhpA (Mpl-_Aﬁ;aminjdase isdA, MRP, AM. IsaA-SdrG, ERb, EnbpA
AaA - = ++
MRP - - ++
Sbi ++ ++ +++
FnbpA + + (+)
Table 6
Protein name React on SA5 React on SA8 React on SE Hay
phlsaA +++ +++ +++
CIfA + ++ ++
Atl amidase - ++ +
IsdB +++ +++ +++
SdrG & o +
Glucosamidase - - -
HarA (1 inject.) + + +
IsdA - - -
Alpha toxin - - +
SrdC - - -
Ebh - & -
AaA - - -
MRP - - ++
Sbi - +++ =
FnbpA = ++ ++
5
Example 8

Efficacy of combinations of staphylococcal proteins in a nasal colonization model.
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Group 8 - Control Group 9- Ati-glucosamine, IsdA, MRP, alpha toxin, isaA, SdrC, Sbie FnbpA
15Group 10.- Ati-glucosamine, MRP, isda; AM, CifA, tsaA, SdrC, SdrG Group 11-
Ati-amindase, MRP, isdB, alpha toxin, GRA, IsaA, Ebb, Shi Group 12 - Ati-gitroosamine,
HarA, IsdB, alpha toxin, isaA, SdrG, Ebb, FribpA Group 13 - Ati-amidase, HarA, isdB, MA,
isaA, SdrC, Shi, FnbpA Group 14 - Ati-glucosamine, Atl-amidase, HarA, MRP, CIfA, SdrG,
Shi, FnbpA 20Group 15 All-amidase, HarA, IsdA, alpha toxin, CI1A, IsaA, SdfC, SdrG Group

16 HarA, isdAMBP.JI3dR; S9rGr30rGaan- SR ERFD mibcobRtigans contragshsper obigach

antigen mixed with an adjuvant made of liposomes c ,nﬁ;lining< MPL z{mii 0521t Tt}edcoﬂ]orr‘lorats
were inoculate@RRAGEORFLENGAEDE el ive CPUOR RIS BUFIRS RN BE ARTERE TS Weeks After

inoculation, thetefficathesd shéetmgrovisations faleresassessed using a nasal colonisation assay
as descriged in Kokai-Kun at al (2003) Arsiimicrob,Agents.Chemother, 47; 1589-1597.

Classical multjple linear regression analysis was carded oyt on sig 'Resign 30
Expert 6' softWaTe +ﬁi§}£ ‘@ﬁg@'a?';'lr\%gé i %sﬁwAé%Kbag ré?jl{g)gn+§°§rr(%a§tﬁ§égls%r%% of an

antigen by -1 Qusing thatediucasemio tAd-pradrsdrt 564, pedBisHEAcSIE e frithé WRfth antigens
were the key gpsigens nhigivpsadees ralaign slecieassii URPDIsIhexH, cijbaiesiper nose

35Results Trl._s,\ 583%3 ‘g é u%o%%ﬁ'ﬁl‘rll ??%Asi%t@n m'a(glﬁr'qsggpm'irsg}able 7. The control

group had a méar?loge nose o 35 and a decrease in nasal colonisation could be see
for all tha%yroGsausicotiarr MBRm Aéviaf ARG iy RIEGCE RN B8 Ms. Groups 4, 9 and 13
showed the gGraips dacikdseBininasalptal anisaGif, BditaShédrelzse of over 2 loos in

CPU/nose. g A2 ARdrfifi@lse save grRPIeRULsASEaNINELA, #REEASE Cif about 2 logs in

CPU/nose. Table 7 10 The contribution of specific antigens within the antigen mix was
calculated usﬁ@’?ﬁ&ﬁp‘?@%ﬂression analysis of the nasal colonisation data The final rndel
contains the sgnen Hedttiagiticrsan)ime sits FRRhelsbadaigelsa’nrBdshodith fintRfble 8. Within the

context g5 thegapiein Mit-HedeskniomeHres gave the Jseatesdrdestrase in nasal
colonisation, & o 11- Ati-amindase, MRP, IsdB, alpha toxin, CIfA, IsaA, Ebh, Sbi
Group 12 — Atl-glucosamine, HarA, IsdB, alpha toxin, IsaA, SdrG, Ebh, FnbpA
Group 13 — Atl-amidase, HarA, IsdB, AAA, IsaA, SdrC, Sbi, FnbpA
Group 14 — Atl-glucosamine, Atl-amidase, HarA, MRP, CIfA, SdrG, Sbi, FnbpA
20 Group 15 — Atl-amidase, HarA, 1sdA, alpha toxin, CIfA, IsaA, SdfC, SdrG
Group 16 — HarA, IsdA, MRP, IsdB, SdrC, SdrG, Ebh, Sbi

Each mix of antigens contained 3ug of each antigen mixed with an adjuvant made of
liposomes containing MPL and QS21. The cotton rats were inoculated three times on

25 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

30 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.

35 Results
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15followed by IsaA, Sbi, SdrC, autolysin-giticosarniner MRP and Ebh. IgkLt'Lin differe.nce of
louleFilinnse and antigens in he model and corresoondino o-values. i- of CPU/nose for the
seven best antigen prob >FEffect Reduction Cumulative Cumulative estimate ratio effect
ratio HarA 0,033M.596

The results of the nasal colonisation assay are shown in Table 7. 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
showed the greatest decrease in nasal colonisation with a decrease of over 2 logs in
5 CFU/nose. Groups 12 and 16 also gave good results, showing a decease of about 2 logs

10

in CFU/nose.

Table 7

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
7 2.21481 2.30705
8 3.51355 3.47317
9 1.22480 1.44080
10 2.03085 1.93204
11 2.02522 1.81581
12 1.53402 1.70996
13 1.36063 1.49100
14 2.31201 1.73909
15 2.22979 1.98223
16 1.58109 1.44004

The contribution of specific antigens within the antigen mix was calculated using multiple

regression analysis of the nasal colonisation data. The final mdel contains the seven best

antigens. Results for these antigens are shown in Table 8. Within the context of the

protein mix, the inclusion of HarA gave the greatest decrease in nasal colonisation,
15 followed by IsaA, Sbi, SdrC, autolysin-glucosamine, MRP and Ebh.

Table 8 Effects in difference of logCFU/nose and ratio of CFU/nose for the seven best
antigens in the model and comresponding p-values.

20
antigen prob >F Effect Reduction | Cumulative | Cumulative
estimate ratio effect ratio
HarA 0.033 -0.596 3.9 -0.596 3.9
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3.91-0.596[ 3.9 IsaA 0.046 -0.558 3,6 | .t154 14.3 Sbhi 0,077 4.491 .1 1-1.645 44.2 SdrC |
0.22 -0.337 2.2 1-1.982

IsaA 0.046 -0.558 3.6 -1.154 14.3
Sbi 0.077 -0.491 3.1 -1.645 44.2
SdrC 0.22 -0.337 2.2 -1.982 96.0
Atl-glucos | 0.238 -0.324 2.1 -2.306 202.2
MRP 0.239 -0.323 21 -2.629 425.3
Ebh 0.297 -0.286 1.9 -2.914 821.0
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96.0 Ati-grucos J.0.238 -0.324 2,1 -2.306 202.2 MRP 0.239 .323 2,1 1-2,629 425.3 Ebh

0,297 -0.266 1.9 -2.914 821.0
CLAIMS

1. An immunogenic composition comprising staphylococcal PNAG and Type 8

capsular polysaccharide or oligosaccharide from S. aureus.

2, The immunogenic composition of claim 1 further comprising Type 5 capsular

poly_saccharide or oligosaccharide from S. aureus.

3. The immunogenic composition of claim 1 or 2 further comprising Type I,
10 and/or Type Il and/or Type III capsular polysaccharide or oligosaccharide from

S. epidermidis.

4. The immunogenic composition of any one of claims 1-3 further comprising a

staphylococcal protein or fragment thereof.

5. The immunogenic composition of claim 4 wherein the staphylococcal protein
or fragment thereof is an extracellular component binding protein 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, SdrG, SdrH,

20  Lipase GehD, SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, 1saA/PisA, SsaA, EPB,
SSP-1, SSP-2, HBP, Vitronectin binding protein, coagulase, and MAP.

6. The immunogenic composition of claim 4 wherein the staphylococcal protein
or fragment thereof is a transporter protein selected from the group consisting of
25 Immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC and Ni ABC

transporter.

7. ‘The immunogenic composition of claim 4 wherein the staphylococcal protein
or fragment thereof is a toxin or regulator of virulence selected from the group

30  consisting of alpha toxin (Hla), alpha toxin H35R mutant, RNA [l activating protein
(RAP).

8. The immunogenic composition of any one of claims 4-7 comprising 2 or more

staphylococcal proteins selected from at least 2 different groups selected from:
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CLAIMS An immunogenic composition comprising staphylococcal PNAG and Type 8
capsular polysaccharide or oligosaccharide from S. aureus. 2. The immunogenic composition
of claim | further comprising Type 5 capsular polysaccharide or oligosapcharide from S.
aureus. 3. The imnfnogeRistdATSoSHIBN FeranIIBF 2 HiREerEoRTHSIRY N8/ e AR/ or
Type Il andlor Type friceapsilareppiyireehrociae @igosaacharjde fionmd repiayirmidis. 4.
The immunogenic ¢ osifi f any pne.of claims 1-3 fur ris,staphylococcal protein
or fragment thereof.E@%’r?eglﬁ)rgh%ﬁgéegﬁ?? 'gér%'gégl ié%gggjéltgﬁré] iﬁvgﬁé%?i ?Eteo)é/t%'l%’hylococcal
protein or fragment tHéte &8I ard extatseldlmasofmydhdmbBindihg. sroreinl bIEbRA from the
group consisting of | k@,‘Wsﬁ%@ﬁ&'&&’.@@ﬁ@@ﬁ"ﬁ,@ﬁﬁlﬁ\{%ng,'ﬂﬂtﬂfn@&iﬂ’b'r:r{‘?ﬁh pﬁy@aﬁ’ Elastin
binding protein (EbpS), EFB %F,IB), SRI, autolysin, CIfA, SdrC, SUrG, SdrH, Lipase GehD,
SasA, EnbA, Fnh1.3°¢&H45e 08 2B HN Ripase, IsaA/PisA, SsaA, EPB, SSP-I, SSP-2, 1-113P,
Vitronectin binding proteinatdeag alasepAndWAR. rbnspbeeinprownogenigeenpasiion of claim
4 wherein the staphyloc | protein or fragment thereof is a transpar, rotein selected from
the group consistingye(%ﬁ%l%ﬁ%%% or “r?é’ﬁt%%&ﬁ'r‘ér?@ﬁ%‘r‘%‘e“r?‘1§81‘A‘??S%%,[ﬁwllgr ris?r%rﬁesfborter, SitC
and Ni ABC transpoliéd, [FdERd dginmbansigetsic Sitmpuokitiohts? okisnattevherein the

staphylogoccal protein or fe@%@?&ﬁé%ﬁ‘&mdé&éﬁ%@%&%ﬁ(&%‘@ﬁ%ﬁéﬂ%&i'EH!SH%?_ﬁ gfdgd from the
group 30consisting &alpha toxin (lila), alpha toxin I-135R mutant, RNA Il activating protein

(RAP). 8. The immuhBgehie eTRipERHitT Sram arestreriinlea P B pAIAG" f*ore
staphylococcal proteipsrsgieate difromi atteastidgdifieeantrgaeyps selected from: 66 a) at least
one staphylococcal extracellular component binding protein or fragment thereof selected from
the group consisting of laminin receptor, FhtlA, EbhB, Eiastin binding protein (EbpS),
EFBSB1, aut8lysin, AN SdregSueGorSlitiitioipatenGenDyEhbAs FibBieGimat CUB, FbpA,

Npase, IsaA/Risf, S58.fn GBS R Rl ISR 2 iltenegtin Rindingigrotein, coagulase, Fig and

MAP b) at least on staphylococcal transporter protein or fragment thereof selected from the
group consisting of Immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SUE:

and Ni ABC transportesimmurdigleast engostaphylgecsal seadlator of wirienae, MOXAITQE
fragment thereof selected from .theﬁ%r.oup consisting of alpha toxin (Hia), alpha toxin 1-135R

mutant, RNA HI'8EVATRG BRORINEREP). 9. The immunogenic composition of any one of
claims 1-8 wherein a

20 11.  The immunogenic composition of claim 9 or 10 wherein the protein carrier
comprises a staphylococcal protein or fragment thereof selected from the group
consisting of laminin receptor, EbhA, EbhB, Elastin binding protein (EbpS), EFB
(FIB). SBI, autolysin, CIfA, SdrC, SdrG, SdrH, Lipase GehD, FnbA, FnbB, Cna,
CIfB, FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin binding

25 protein, coagulase, MAP, Immunodominant ABC transporter, IsdA, [sdB, Mg2+
transporter, SitC and Ni ABC transporter, alpha toxin (Hla), alpha toxin H35R mutant
and RNA III activating protein (RAP).

12, The immunogenic composition of claim 9 or 10 wherein the protein carrier is
30 selected from the group consisting of tetanus toxoid, diphtheria toxoid, CRM197,
Haemophilus influenzae protein D, Pseudomonas aeruginosa exoprotein A,

pneumococcal pneumolysin and alpha toxoid.
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15staphylococcal polysaccharide is conjugated to a protein carrier, 10. The immunogenic
composition of any one of claims 1-9 wherein the PNAG is conjugated to a protein carrier,
2011, The immunogenic composition of claim 9 or 10 wherein the protein carrier comprises a
staphylococceﬁiﬂprotgilhe P PLBRSENE FRIPEST LBt SH il e (YOS SRS RIGEERIRin
receptor, Ebtid, dtfebi s, iltastie lospding qoteirb ¢ 3)y-&k BndF$B)p SR akikolysin, CIA, Sdre,
Sdr(i, &hi Lipase Ge,hD, FnbA, Enba, Cna, CHB, PbpA, Npase, IsaA/PisA, SsaA, FM, SSP-1,
SSP-2, HBP, Vitronectin binding protein, coagidase, MAP, Immuno,dominant ABC
transporter, ISGA" |SOBaMIG2-arzmses the, iSinmogpt NABG tianspeolasns didRandan (Ina),
alpha toxin 1d3aRaoeutent 2nd KN .agtivating protein (RAP), (2,The immunogenic
composition of claim 9 or 10 wherein the protein carrier is 30selected from the group
consisting of tetanus toxoid, diphtheria toxoid, CRM197, Haemophilus Mfluenzae protein D,
Theudomonassaeruginasisoéxdpraiteip Ay ecalpriermshsineand alfhatoxoidtigtdd e

response agaiint ot A UL e A R A A gy e
immunogeniciesRippSifstirdfnilaims 1-13 and a pharmaceutically acceptable excipient, I5"A
method @f making a vaccine comprising the steps of mixing antigens to make the
Immunogeniﬁgompos ion ordain-is 1.13 and adding a pharmaceutically acceptable excapient.

16,A use of tH& imnfUHEGRHIE (BMPBEBIT 6PBRAMDON P35R RS ke hinithe it dWactine for
treatment or previentionebstaphyl peocealomnteactighylococcal infection.
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