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present inventig sehaies 4 the field of Staphylococcal immunogenic compQsiiiews@Rdo1ss
vaccines, their manufacture and the use of such compositions in medicine. More particularly,

it relates to vaccine compositions comprising a combination of antigens for the treatment or
prevention of staphylococcal infection. IMBIUBOSENISIGOBIRESBVECHNeS in 10medicine and
methods for their Preparation are also provided. Background The number of both community
acquired and hospital acquired infections have increased 15 over recent years with the
increased useTddhirfrabfukiddevices. Hospital acquired (nosocornial) infections are a major
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25Staphylococcus aureus, Coagulase-negative Staphylococci (mostly Staphylococcus
apidertnldis), enterococcus spp, Esherichia coil and Pseudotnonas aeruginosa are the major
nosocomial pﬁﬁ@&@f@%%ough 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 rankln%towards S. aureus and S. epidennidis 30as
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peritonea sis catheters, orthopaedic devices a prosthetic heart valves. S. aureus and
S. aplderm|d|é"|'ﬁ'f9ébftlt§1"\%t d@ﬁ@&ﬁaé%ﬁﬁ%tlﬁdﬁ@s'Wﬁﬁt'ﬁgﬂrcifmpf’w&%é“fh@ne”mm'a (15.5%),

surgical site infections (14.8%) and primary bloodstream infections (13%) Emori and
Gaynes, 1993, Clin. Microbiol. Rev. 6; 428).

25  Staphylococcus aureus, Coagulase-negative Staphylococci (mostly Staphylococcus
epidermidis), enterococcus spp, Esherichia coli and Pseudomonas aeruginosa are the
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

30  as being the most significant nosocomial pathogens.

Staphylococcus aureus is the most common cause of nosocomial infections with a

significant morbidity and mortality (Romero-Vivas et al 1995, Infect. Dis. 21; 1417). It is

the cause of some cases of osteomyelitis, endocarditis, septic arthritis, pneumonia,
35  abscesses and toxic shock syndrome.



drug of choice whereas vancornycin is used for methicillin resistant Isolates. The percentage
of staphylococgg) s§haiss£xhibiting wide-spectrum resistance to antibiotics, &Q,/ResRALEIRE
increasingly prevalent since the 1980's (Panfilo et al 1992, Infect.Control. Hosp. Epidemiol.
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2006/032472PCMP?b(?067010184 The first generation of vaccines targeted against S. aureus

or against the exoprotelns it produces have met with limited success (Lee 1996 Trends
Microbidl®4; 162). There remains a need to develop effective vaccines against staphylococcal
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The S. aureus genome has been sequenced and many of the coding sequences have

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



25 Description of Figures Figure 1 - Polypeptide sequences of preferred proteins. Table 1

provides inforrpadiad@iyhich protein is represented by each SEC ID, 30RiggfepondNgigptide
sequences encoding preferred proteins. Table 1 provides information on which protein is

encoded by each SEG ID. Figure 3 - Purification of alpha toxin under native conditions, Panel
A shows a coonemasgjenstaiinebSRSsRACErgdtsdmplesipse parewt duriggitise the rificativeisf it
alpha 35 toxiprodasss Ihaveoiegulahwiighi reackess, (lase B9 altdbids ffdictiotsiatonala)g There
over-expresseshilinba R idareckop kmactirowakifkeradhasNsbbhiealccannfastiod - fractions
eluted with 10% buffer B, lane 5 - fractions eluted with 20% buffer B. lane 6 - fractions eluted
with 30%bufier B, 1306 T TActianS RILBEHIBVRRX SR Ehdaas ScoffReimn ebpruMihat
75% buffer B égg\%v%%@%%?f%ms??'»ﬁ%mﬁ@%‘% U frlane d A0 aciaTie AL& o
before induction, lane 12- Bac eria at 1= ours arter Il él a %E} - cell lysate, lane 14 -
soluble 1‘racti(S:’rﬁ‘,)ll'gﬁgf}%oimfW?oq[ﬂ')"fg1 Hadtion: W?ﬁﬁé efgzlac;ﬁ%% 5’6‘6%9(%[8%‘%4 Panel B
shows a coornrnassie stained SOS-PAGE of 10, 5, 2 and 1ul of the purified alpha toxin,
Figure 4 - PurificatiBPd Shr&tURaRa8A HaRRYcortatisrEaqsiaT ACSPRANE™, RESINHmYSSD SF
stained YUS-IMNwEoaeriarfipaseeptdpaiedl aaBagdHEpU Hrc SR P SRR G RINaMiHR faceptor,
molecular weRjt/atfieatyddindibe rreisit inahAn EirePn EthaiEnhifsnhaaiaic fptioFFB (FIB),
containing ov8Bkxqutelysied SKkCStite $ArE,- Hid, thiinagh BehPtiRabi-NFInAsdfnhth, finae OB,
fractions elutgdpwinpas)) Bakmi€l, |aseA) ERBCcESRsiclesiAvitBBuNErdelztinebibdifigptictain,
eluted with byfiarégehQtaNg] FabaVsagtery)massiemrpned SDS-PAGE of 1, 2, 5 and
101.1.1 pf the purified Sdra Figure 5 - ELISA results for antisera against staphylococcal
proteins in plates cagiad With RULfiGHRAIRISING 5! FIGSHBEr iRl USiRanBAGKRAISHRyment
extracted from,mieg IEAAARIRIAD. A INSE RS LM ifatbUSIRA RO FRLSSHEP Ran,
extracted posltgggg\hlrﬁ?tl%n. 00 ﬁ' altn rﬁi RS usin pooled sera extracted from rabbits
00T rabbitPose I - FESUIt U

. | O .
pre-innoculation. ra sing pocﬁ% rabbit sera extracted
post-immunisation. Blc- negative contol. 20 Figure 6 -- ELBA results for mouse antisera raised

against Baphyloco@Brdteins in Fatsatoated HARTYRRTRLFRMAIBLST VIBARRTSA (R o
plates coatedWitHnggenifeliRogadnererkirlaciodoiendine. waHe BNsitie shRIRte dexedidn -
S. aureus serafpet@ikiHESRmoledefdAPlmsticaingproleitébated

25  Description of Figures

Figure 1 — Polypeptide sequences of preferred proteins. Table 1 provides information on
which protein is represented by each SEQ ID.

30 Figure 2 — Nucleotide sequences encoding preferred proteins. Table 1 provides
information on which protein is encoded by each SEQ ID.

Figure 3 — Purification of alpha toxin under native conditions. Panel A shows a
coommassie stained SDS-PAGE of samples prepared during the purification of alpha

35 toxin. Lane 1 — molecular weight markers, lane 2 — soluble fraction containing over-
expressed alpha toxin, lane 3 — flow through from the Ni-NTA column, lane 4 - fractions
eluted with 10% buffer B, lane 5 — fractions eluted with 20% buffer B, lane 6 — fractions
eluted with 30% buffer B, lane 7 — fractions eluted with 50% buffer B, lane 8 — fractions
eluted with 75% buffer B, lane 9 and 10 fractions eluted with 100% buffer B, lane 11

40 bacteria at T=0 before induction, lane 12 — bacteria at T=4 hours after induction, lane 13 —
cell lysate, lane 14 — soluble fraction, lane 15 — insoluble fraction.



with S. *domicils killed whole cells. The line marked with square signs shows the ELISA
result using anfjgpsa i pice immunised three times with the indicated sfRINlosR 8154
protein. The line marked with 30 diamond signs shows the ELISA result for pre-immune
mouse sera, Figure 7 - ELISA results for rabbit antisera raised against staphylococcal proteins
in plates coatPdnaith iled stegimitastest3nPASEISAUSES ¢flate s coatrich Wit the aurdas alpha
serotype 5 killggnvhole cells. Panel B uses plates coated with S. aureus serotype 8 killed
whole cells. Panel C uses plates coated with S. epiderrnidis killed whole cells. The line

marked with $G4aLe,SIGRGFRANS @Qﬁé'%éﬁ:@ﬁgtﬂﬁl{@céﬁ‘&k%ﬁ@ AL AR, 49 EDoRTRisSR
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or preventing G186 %éﬂ"i'hféﬁ%ﬁ Immunogenic compositions of the invention suitably
incorportite aRfges shavehareomusived siaaRREH-Eph Rbtod &ndrttid s eyrkified SdrC.
immunogenic compositions target the immune response towards different aspects of the
staphylococcé&ldurecton B8 Aaredhiar édorantiddentagaitst stappgrvontat pro@iatfe dbipdaremoated
response. Stapityhoeassarddretions progress through several different stages. For example,
the staphylococcal life cycle involves commensal colonisation, initiation of infection by
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steps of the inf&t Wﬁ"&%/@l%° %ﬁr@%eﬁﬁﬁa? 3?‘5‘?%383 IJ%BLHH st gﬂa 'ﬁ%cf’ve amount of
a combination of particular antigens involved in different processes of 20Staphylococcal
infectior?% Staphylococcal immunogenic composition or vaccine with increased efficacy can
be achieved. Figpertfoul &L \Sdnibrudis das Bpuestantisgrageiredrogptiffranhdreasssl setaingfin
which are  plates coated with killed staphylococci.

Panel A uses plates coated with S. aureus serotype 5 killed whole cells. Panel B uses
25 plates coated with S. aureus serotype 8 killed whole cells. Panel C uses plates coated
with S. epidermidis killed whole cells.

The line marked with square signs shows the ELISA result using antisera from mice
immunised three times with the indicated staphylococcal protein. The line marked with
30 diamond signs shows the ELISA result for pre-immune mouse sera.

Figure 7 - ELISA results for rabbit antisera raised against staphylococcal proteins in
plates coated with killed staphylococci.

35 Panel A uses plates coated with S. aureus serotype 5 killed whole cells. Panel B uses
plates coated with S. aureus serotype 8 killed whole cells. Panel C uses plates coated
with S. epidermidis killed whole cells.

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

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



involved in adhesion to host cells, some of which are involved in iron acquisition or other 25

transporter fungiipngsesesng of which are toxins or regulators of virulence ag@r/gp200s/010184
immunodominant antigens can elicit an immune response which protects against multiple

stages of infection. The effectivness of the immune response can be measured either In
animal model 30 assays as described in the examples and/or using an opsonophagocytic
assay as des®ibtalledicesgdipiirs. An additional advantage of the invention is that the
combination of antigens of the invention from different families of proteins in an Immunogenic
composition Wileeprabéat3bproiectitstiages matrécwit epbnearimpiofstfahtaphifCccal antigens which
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antigens are |ved) pre so against heterologous Staphylococcal st
mmunoé%mc%ﬁ’i%ﬂer@frﬂ’?é’%%ﬂtlon comprises a number of proteins eq | to or
10greater than 2, 3, 4, 5 or 6 selected from 2 or 3 of the following groups: group a) - at least

one StaphyloGagRRYEXSEAGE AL BRI RIOlElD gl %‘Cﬁ@%ﬁﬁﬂb@e{ﬁé’f
selected from %}8 roup c n'%lst of Iam|n|n receptor, ?ltC/Mnt%/sahva ndln pratein,
EbhA, Ebh, EAREHRSIRGAn g BraRal (UpASe e emsR I CERB i LR ST e, by
SdrH, Lipase @aﬂsnpsmlmmmsmeomha hogEsednpAnaephie, nwmhp@m Sxdire Blegy,
5SP-1, fSP-Atertiy. bé'méacsn ajfw@@nﬂnei@m@mmtmdimnf@éehbfeﬁmmaaeanﬁ&s

and MAP; grg e R ucfi‘t 'ea TP RIaRAYIneaeAl LARSPOURL RI %'s 2t ”!1 il % hiStion and
fragment thereoft se ece rom group COﬂSIS é% mmuho omlnan ransporter,
8

IsdA, IsdB, MRERFitr SHRHORSY, %flf@te%frfaqlﬁcplbtqfﬁ seFfareiohgrbapiva Mé'ﬂéeo'ﬁéowed in
staphylococcalfiegniastpef wirthenieds dtivinoytlian By nagetie) ftagnreniuite reepaale chgdifisoran

the group congisti Shloheul X Bk BlP I KN A AT T AR A W heiRgaately

(RAP). For example a first protein Is selected from group a), b) or ¢) and a second protein is
25selectld fr&iAR ?SE%CQEI'BEEIBWWO% YRAPL°H é’HH‘ES‘%ﬁIBﬁ BRI A FETHRS &Ehd
protein. In anpredeecbefimatyochmiengdiieveimunogenic composition of the invention contains
at least one protein selected from group a) and an additional protein selected from group b)

30and/or gro&:ép % furth re bodlrp T Ih%l munagr%né sgtsl’gg %Bmee inver r?t;i)n
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selected fromrﬂ&q}ﬁ%@nﬁﬂgﬁ%%&% k&m elicit an immune response which protects against multiple

stages of infection.

The effectivness of the immune response can be measured either in animal model
30 assays as described in the examples and/or using an opsonophagocytic assay as
described in the examples.

An additional advantage of the invention is that the combination of antigens of the
invention from different families of proteins in an immunogenic composition will enable
35 protection against a wider range of strains.



WO 2006/032472PCMP2065,10 Proteins Immunogenic compositions of the invention
comprise an isglgtagdaatein which comprises $. an amino acid sequence phighhasablgast
85% identity, preferably at least 90% identity, more preferably at least 95% identity, most
preferably at least 97-99% or exact identity, to that of any sequence of figure 1. Where a
protein is spedificdtiyentientittaeshisr dATiNegsrascramposiansréAtE e At din of proteins
recombinant, §altenotfonraleasdheptidradiyt adrRatiks PRIk ndvioh diffgrsigfahskaisericen

has been ooy ﬂblnﬁf%@& oPsdafPk@&@%&fé@%%mst%%maéﬁaa%mﬁgam&ns

produced by rec DNA techniques. Immunogenic fragments of the

in m
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taken contiguo ro he aming a uence roteip..In. add|t|on such
|mmunogen|c §g¥{%‘?{%gr%'so ﬂ'H8$o§%5$f SRcve neﬁocc E taa Ies generated against the

Staphylococcal proteins or with antibodies generated by infection of a mammalian host with
Staphylococciadmmruegenicdsagmais alseinvbitien agpiesdsdmamibest paeinistered tatc?0
an effectiye d ﬁ;%té?iﬂéﬁrza@me D66 s BaRERPLH JeRABIRYINGlIgib@erotective immune
response agalﬂSb% 'O%Qqeaur@ﬁst'&apm%wﬁfem%mrpeepﬁ&éw&@waﬁbSpratéﬁﬁuo%
andor S. apidernijgiy, [gie %Of’]a G} B LErLRAR Y ARG B a8y F%ﬁmé&smwe
protein lacking a i3 efr“ﬁe ue ice, ﬁé%oﬁgh%?\ﬁa%mi rmgm % EEZFE)B
C-terminal anchor a|n re 0 g C fo

the invention co gd lﬁ@ﬁ&#ﬂ fﬁﬂ §?E§ gﬂ H;Ia %% E-,;e rot(%n%\%hlc

least 859 identit fBré?BPéblv%?ﬁ%a‘é?%%"uéﬁﬁ' FRGheSiVetir “at légst yg%nﬁfé'ﬂtﬁwgﬁﬂgst
preferably at leastofpiodiyitagRninding afcicle GoRpitassefde R MMM Figure 1 over the entire
length of the fraganein Becaéinast J0AIstERHEIRRSEANIRARRAROG BIfte Bofh fHaHIBRSEHIC r@gment
invention are fustbergrbselastabfrmpo exiad Gtaphsitdtioo of dinpranettemiopiiniRihiseratierter, IsdA,
fragments of stapsiiotyat-aispeits, StChaiddNoARTdtenspanery be made recombinantly and
may corpprise onpduRrepn of rblaasie sBphyB Rt Staghytocot calpinie nexiAlternativebgeaic
fusion protein may,cREHNRE-EBE EENRIBEHiISNSHRS §idanebrsiding @F aIptRPbYIeqAROALRIEaR
These may com%g@;ﬁmtﬁ,ﬁ@mp&ymﬂaﬁb@mwgpr immunogenic fragments thereof in

the same protein. Alternatively, the invention also Includes |nd|V|duaI fusion proteins of

Staphylococc | WO 2(1 6/(}3 472 CT/EP%e 35/011018 ogr gar‘gw%ggggrﬁaﬁgi&ﬂt%

thereof, as a u%lon 2ifl With e ee'Pc BGOUS Se :%’) legltol;%es
or purifiéRionJEGe! frg%ﬁﬂfguﬁgsaﬂgg?gg?fg%g ﬁ?gtﬁ i@? sferase, S?e'én fllioregcent
proteins (GFF%e‘iQﬁﬁcP;S%t%bs such as FLAG, myc tag, poly histldine, or viral surface proteins
such as influenza virus 6haemagglutinin, or bacterial proteins such as tetanus texold,
diphtheria toxtici GRS emabrémentTHe fioNoWIAgeRIH | eocsessipntsé tEdsTiomBerilme at
preferred protebsisegupntsis selddRN Asequentesahdpadfiiondlinrigjoresieciad frigugecap b)
respectigely. aAdiocigaipsR sequence 10 from S. aureus and SE indicates a sequence from
S. apiciorrnidis.

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).

35

In a further embodiment, the immunogenic composition of the invention contains at least

one antigen selected from group c) and an additional protein selected from group a)

and/or group b).

40 The immunogenic composition of the invention suitably contains proteins from S. aureus,
and/or S. epidermidis.



Name Immunodomlinant ABC transporter SA SE Laminin receptor SA SE Secretory Antigen
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Proteins

Immunogenic compositions of the invention comprise an isolated protein which comprises
an amino acid sequence which has at least 85% identity, preferably at least 90%
identity, more preferably at least 95% identity, most preferably at least 97-99% or exact
identity, to that of any sequence of figure 1.

Where a protein is specifically mentioned herein, it is preferably a reference fo 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
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 immunologically reactive with antibodies generated against the
Staphylococcal proteins or with antibodies generated by infection of a mammalian host with
Staphylococci. Immunogenic fragments also includes fragments that when administered at
an effective dose, (either alone or as a hapten bound to a carrier), elicit a protective immune
response against Staphylococcal infection, 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.

Also included in immunogenic compositions of the invention are fusion proteins composed
of Staphylococcal proteins, or immunogenic 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 immunogenic fragments thereof -in the same protein.
Alternatively, the invention also includes individual fusion proteins of Staphylococcal
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DNA sequence SEQ ID 34 SEQ ID 35 SEQ ID 36 SEQ ID 37 SEQ 10 38 SEQ ID 39 SEQ 10
40 SEQ ID 41 36Q088¢3447, WO 2006/032472PCTIEP20051 10184 Examples ebsiiarhiylar
component binding proteins include laminin receptor (Naidu et at J. Med. Microbial. 1092, 36;
177), SitC/MntC/saliva binding protein (US5801234, Wiltshire and Foster Infec. Irnmun, 2001,
69; 5198), Ehtratéin! anisretraideriscirasments Joaeol7casgosysienrroieiB Yk JiRtRIRPIous

protein (EbpS)Rancat 8hdiP2e. o Jaiolade e -caiiZéghioped v biniidatia) (sidestieltexnch bito ok
1995, J. din. Microbial. 33; 23

47), SB1 (Zh etal FE , | {a 4G
211), autolysi?na{??ﬁ?fbdaf’%t 8 ,'9.“%%’(3{5 napsgai%’frﬁé\@ggﬁ%vgéq%%%ﬁﬁc evgtg ettg§!Ig
Md. Microbicisu®ods FLASE )Y PSkirdistivine en \WeheNiers RERtSIE 068, 26461148 %8) VEHiH
(McCreasit ahiigiabiRingy, 3P08:tA4 pt5E3m)s dupase ©phll (oieR)ARGhE82 8BRIG ARV FIHA
(Flock at at Mol 10 Microbial. 1994, 12; 599, US6054572), Fnbe (WO 97/14799, Booth at al
2001 Infec. Immun. 69; 345), collagen binding protein Cna (Visal at at 2000, J. Biol. Chem.
275; 39837), Cifgﬂh@ /27109), FbpA (Phonimdaeng et 31 1988 J. Gen Microbiol.134;
75), Neese (FToeKaloning tabiscsetiorut e, SH0dh neskasisl prefReas RpaITeea<entRnand iled.
Microbial. 206@g2ences5hasamAcinthin EicareERS fenrarforesnaetivelicobidionies arpapgnce
213), ERB (Hfresad amdudend SfnirsiicatsssivsecuarSedphCR mrigek™¥dis1 7th 2000), SSP-1
(Veenstra at al 1996, J. Bacteriol. 178; 537), SSP-2 (Veenstra at at 1996, J. Bacteriol, 178;
537), 17 kDa heparin binding protein HBP (Fallgren et al 2001, J. Med. Microbic)). 50; 547),

Vitronectin Qinding proteigghbat al 2001, Curr. Migsbialséguetfth), fibrinogen bimNngsptpiaice
coggglase, OMO ITLA8 (20 ﬁ'a% sM(ﬁPrg 8§645240) 20 SitC/Mnte/saliva binding protein
This is an ABE:&ransporf'er protein chisa nomomglila%qdnesm PsaAInS. geq D34
SE SEQID 2 SEQID 35
Laminin receptor
SA SEQID3 SEQ ID 36
SE SEQID 4 _ SEQ ID 37
Secretory Antigen A SsaA
SA1 SEQID 5 SEQ D 38
SA2 SEQID6 _ SEQID 39
SE SEQID7 SEQ ID 40
SitC
SA I SEQID 8 SEQ ID 41
SE ; SEQID9 SEQ ID 42




pneumoniae. It is a highly immunogenic 32kDa lipoprotein which Is distributed through the 25

bacterial cell wglh$saskayne at at Infect. Immun. 1998 66; 3767). It Is expresag i shBHEUS

and S. epiderandis as a 32kDa lipoprotein and a 401(Da homologue is present in S. hominis.
In S. epidennes, it is a component of an iron-regulated operon. It shows considerable

homology to both adhesins including FirnA of Streptococcus parasangu
s with proven or putative metal iron 30transgort

is, and with
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ATV
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EH-omhaH

@ét al. (Mol Microbial 1990; 4

2005/010184 Coaqut

- tedmuaionagaResEPHRImidaeng at al (J. Gen. Microbia

1:393- 404$ECHBUIRY at al. (Infect ImmurbEGID; 49
Microbial. 36Q0DB8823453-3456). 10Pref&EID 50

ICI 1 o

b

45EQ ID 48

1986, 134:75-83),

@End Shopsin et al. (J. din.

c composition of the inventior

Include the mature

protein in whigathe signal peptide has beg

Coagulase

2N removege@nmng acids 27

0 the C-tegptus)s1

fragments farmuﬂia&mﬁhg HRBEB ARG NI

agethree distinct domains. An

ino acids 52 Mghich is a coiled coil regi9ip 45

amino acids 3 gﬁgg which'is a proline and glycme rlcTTreglon and the C-terminal domain
from amino E to 645 which has a b E ) fthese_ %EE%'B%&S a
preferred fr Jment of the invention, Ser- b TOgeEnN ‘ml_l "éf"l_ -
that is found e ecutar Wetgnto
kDa (Nilssor Etesfin 9’@"]91@8{9%% 66 ated-to-that-of clumping
factor from $.#\ireus (CifA). Antibodies ag - > bindihg-of S.-epiBEH i85 to
fibrinogen co&€d plates and to catheters SEQ D 23 _ SEQ ID 56
Extracellular protein EFB SA SEQ ID 24 SEQ ID 57
alpha toxin SA SEQID 25 'SEQID 58
SBI SA SEQ ID 26 SEQ ID 59
IsdA SA SEQ ID 27 SEQ ID 60
IsdB SA SEQ ID 28 SEQ ID 61
SdrC SA SEQ ID 29 SEQ ID 62
CIfA SA SEQ ID 30 SEQID 63
FnbA SA SEQ ID 31 SEQ ID 64
CIfB SA SEQ ID 32 SEQ ID 65
Coagulase SA SEQ ID 33 SEQ ID 66
FnbB SA SEQ ID 67 SEQ ID 71
MAP SA SEQ ID 68 SEQID 72
SdrC SA SEQ ID 69 SEQID 73
SdrG SA SEQID 70 SEQID 74
Extracellular component binding proteins
5

Extracellular component binding proteins are proteins that bind to host extracellular

components. The term includes,

but is not limited to adhesins.



25 (Pei and Flock 2001, J. Infect, Dis. 184; 52). This protein is also described as SdrG in WO

00/12689. SdrCév'@ Jndip£oagulase negative staphylococci and is a cell yaj Assesialad,
protein containing a LPXTG sequence. SdrG contains a signal peptide (amino aC|ds 1-51), a

region containing fibrinogen binding 30 sites and collagen binding sites (amino acids 51- 825)
two CnaB dorBaips (Aingaads Ga7 AP /EIRIPRPrAeHe IFRNRRL kRgion (ecaptor Auidsu et
625-1000) an aﬁ W%Qﬂﬂﬂm (agunaaCifs L08R salifb dhama Brofive sEpwah 234,
sequence wit eav ﬁ?é’c??m%{m”@%%ﬁ'de“gsé @oh@? \eseiow a1 mefarreshun.
fragment of 09 a' SEICUY afnaﬁn LGN %ﬁ’{b@ﬁ?'@?ﬁqgg‘ézjoém Chem.
C-terminus ( \A? é 1 Eh
responsﬂ?]e f&7ﬁbﬁ§1 e'rz'lFlﬁr{ §( A& glf ée? 0(|) e ?
contains amirf 8 miprgokte W%%Byﬂ%@ﬁ ﬁ@ﬁ@%ﬁ@f@ ntec
between amifisadi@B3 7838hd-EAd M@S@%MQH@V&%%M&M‘&E&W&W&H h%@‘@nﬁ%{&
referred fra ere | ci ’ , [ -

Preferred fraghiet(hiCrrerefore MisrelplegyiaBOAciis3 15351855 He(Mr@ipn 8t i dicsoriolopn 1
of Fbe contaize@hitgdy &ps)itiveipagioSebinfoS8a03aRRSy FeplatbabAsalark sidehride!
serine ragidugsicRESErMed4agmeats DISBOBEs R3] Uk P o2 SITdesy B9 wWhicintied sig?{il péyitde
and/or the Si)gRaatsansht)e @Nehen damal frowinbers (e wecal T20EK: indide Chem. 275;
polypeptides é@agefn@ifgl@wgrmﬁﬁo@)ngua‘mmmm%é@ﬁaa%mmmddmaamammp
acids 50-897 B‘EFH& EdBﬁW%&?*é?uﬁl“?% 3506\0 1251061 9X A-HXNHEPA R RIS 4ithWME Med.
03/76470), arging wm&wgmm aﬂﬁ&db.éﬂ%oam@@

e o
Eci)d|\(|js7%19 54P%? ’r LA Eolygr:[;%%:wa\spﬁé%fgeé%ﬁj eas ”(gsf @3531
¢d

e cbn |s,2

92%, 95%, 91YR08Y3, %)‘9%189?060/? Britloddtist NCe otf '°'
incorporated ihee: B ?n%ﬁﬂéé‘@ﬁﬁ;”ﬁd’rﬁﬂlﬁ@it%‘?f‘?ﬂ fRA e o8 FHY
invention optiGABlly\ibenesaie binirmeieted thd StAt FAYp&tteVigrsivlnéd: aB%Ve @F@ﬂﬂ‘?@d
fragments hawintiive sigreih peystittasediior (WO SD4EE 80 MAM GISSAS#OANchoring domain
deleted.deor example sequences corresponding to amino acids 1-713, 25 1-549, 225-549,
225-529, 24- T4t/ nhe3)s 369 BindineBProtem /0, 1-660, 1-650, 1-640, 1-630, 1420, 1-610, 1400,
34-707, 44-697, 36-689 of SEQ ID 76 or sequences having 85%, 90%, 92%, 95%, 97%, 98%,
99% or 100%1’?1%”(% 4P REG irQnEB&Fe?OpPét@lﬁ whick r&fesre@diaementisaibersigaakprptide
deleted have 5 iiclaonin re§ 95%(2%@ AL ERIEATRER 10 REFHIRA%FE0SN tne
a

translatl%l A{,ggt%en rre ckayne a5 N6 1olloyINg REWEHNER: 3767). It is expressed in S.

aureus and S eptderm/dls 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,
and with lipoproteins of a family of ABC transporters with proven or putative metal iron
30 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
included in an immunogenic composition of the invention.

35
CIfA and CIfB
Both these proteins have fibrinogen binding activity and trigger S. aureus to form clumps
in the presence of plasma. They contain a LPXTG motif common to wall associated
40  proteins.

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



ZEENSVOIWKOSNTDDELSDEINDWODEEKaDVINNKSINTDDNNQIIKKBETNNYWAIEFRE
DWITOTTN 350 20061032472 PCT/EP2005/010184
VIDENSATFLOXTPODNTHLTEEETKESSSVESSYSSIDTAWPSHTTINREBSVUSDNVEDSM
VSDFANSKI KESNTESGKEENTIEQPNXVF=STTSOPSGYTNIDEKISNWE
LIVLPINEYENEARPLSTTSAQPSIKRVTVNOLAAEOGSNVNEL/KVTDQSMTGYEDSEGVIKA
EDAENLIY  coagulase (FbpA)
DVTPEVDDKVICSGDTMTVDIDENTVPSDLTD3FTIPKIKDNSGEITATGTYDNISTKOMPTDY
VIMENIK  This is a fibrinogen binding protein which triggers S. aureus to form clumps in the
AHLKLTGY | Rikss i Nt A b DIVE<dea brib8 Y MK aTeRe ey OB BtdE td REDAINIEES M2TDRIBOIERNF ¥R
OTIYINP 40 BRY.SP¢E Wigrabits 0986 B4 S183), Phonimdaeng et al. (Mol Micrpbiol 1990; 4:39_3—
IIDDSTIIKVY &84S pph el firiadly D9SN S YAGT EAGN RIENRIRRRE SIS P Y IKSIS K
YDPNIWD Microbiol. 2000; 38:3453-3456).

I\N/III\/II\II\-/II-I\E;II-%I\Q/I/\?&/[E%\#EYT %ﬁﬁ%’eﬂ TIAPSTSSG SenB%ﬁan’EoFél iR WERYORURS

LSNVlNTLTY‘%@%‘S’RW’UE%Wﬁ:iﬁﬁﬁ'éﬁéﬁ??ﬁﬁﬁ‘rﬁé@‘@ﬁﬁm!@ﬂ§€§G'FI\?|5A‘P6§%
GNSWVTINGSHDRHEIDSOFYWPKYSLGNY
VWYOTNIMGIOCIDDEKGISGVIVTLKDENGNIISTTITDEYGKYUMLNEGNYIVHFDKPSGMT
UTTDSGD DDORQI#se GEENVRY TiHDE DOFHID NG RLEs SEBAAvieh EH AR @b AUlTedE DB
are protefhs thairar @adp B26sEA5 inHidtlis 2. oiiee arahglySine pide ervichisa (G ltak €-1© aina! Hostein
Infect. imrnurfra?A@in® 260306 Walkismaiah abbndanitd shaetro2RODAR6). GBAS) dititewendcimbins
to fibronectinjsSingeréREanngifclt aniaposarhcomponent of extracelluiar matrix, EbhA and
EbilB have an important function in adhering staphylococci to host extacellular matrix. 15The
Ebh protelns g{ﬁda% h@,mq@ molecular weight of 1.1 megacialtons. it is advantageous to

use a fr protein rather than the complete sequence due to ease of
productlon a tJon The central reqi nof roteln con nS| erfe t repeats hICh
contain fibrone Hsb? rr’1 gﬁ%@"é e{n g@'on a|n| g |n % 'So %oé%r d:%ang\‘\
described befd QF@?ﬂé’F@f‘?@ﬂaﬁé@lﬂ ek }39 2B DEFA0/7 Hit 8% T

200f the inveRBBHETEBHSFeRiAdks e AR FiyRIREIFeRR IR, §tt§‘(5f’ﬁ%ﬁﬁﬁn‘6@8&f§% 8RN

which are chdteeaisbloaktee hiadinapitfe epidsanisistedigriapgen-coated plates and to catheters

25L.G,{20}A, (38)ar@Flbckrato(33) hipebfBiabhB4i188)., Ehg Gyate(2 33 At epstived. as43qE3)A,

{12) 30 More WefesRg89. SdrG is found in coagulase negative staphylococci and is a cell wall
associated protein containing a LPXTG sequence.

SdrG contains a signal peptide (amino acids 1-51), a region containing fibrinogen binding

30 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
(amino acids 1009-1056).

Fbe has a putative signal sequence with a cleavage site between amino acids 51 and 52.
35 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-
40 825.
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I/V?IPS. AK..A.LNIDG .1+1L. .AK..A}J:.4 .1.11.AQK. 6 } A . 114/D".,TK,S.N/IDA,D ..K .AY/F.
AV _A-ITV N ¥% H30d¥5342906/032472PCT/EP2005/010184 Where ' ' megnsiaiy@sninqacid
and' means any 10 amino acids and 1/V indicates alternative choices of amino acid. By
reference to the sequence disclosed in Kuroda et al (2001) Lancet 357; 1225-1240, and Table
2, the repeat JegueRees MethitirRinpiotedis sve eaddyaledUtsd sRoetetted fiagnentetatiem

included in thedmBxAnos Bik COP PO heavMemt aRcRebks epedipepiidescertanBg of
one, two, thregyfour, 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 10 or more repeats of

the 127 agning,acid LEpEa e 9N BICUIRIOL hify Fefiond efin Lol QLG oI ERRAYS

with additlonarl aming aci reséctéegngrsesf%gt gtigﬁt \er th ends of'the fragment A further
preferred fragnewpeerﬁ 7S e ?—|rti°po|ypept|c':ale 6f about 44k0a spaning three repeats (amino acids
3202-3595) as described in Clarke et al Infection and Immunity 70, 86806687. 2002. S

ch
fragments il pFEAERALTPHRe R T8 NBHIRRAUPERLHBT 1o Witk g?ﬁiﬁ'ga?ég‘fﬁg‘fea?é’q}é’ééh%
against the WOl BEBpraldinh TR JRIAIR HRIB SRS CBFRNRE of BRSEIMF I AtaiBeRiites
PreferretOfracgip@ntisios wieengisipp aptiereinsecide AL pe aamintheckisify 8 brmaine ABASECERT
Binding to fib(GESER BEnZef AORYEAHB)FAMBA anidd GIS-ARTI(BE IS drafl\V R RITBH hd
Immunity 70; 6680-668% 20328002jSBallItuNite6 pfefadr&d/ it itieatsraratide st-whi cimtormwide

a B-cell or T-lalpengpiope, feriexarppasthasndragments/peptideidesutiedssJabfesEDam
4, 25 TABLE gfRegeat sequences in the MI-kw-Kith sequence of Ebb. The full-length
sequencg;of Ebb is disclosed in Kuroda et al (2001) Lancet 357; 12251240. The following

table shows (Be.AINIRY, ARGHRE BUTBAH M RN ' SCh AR LPRELWRR BHEWORNGA dsvr,
within the: fu é‘?@/gt@sﬁ‘/ﬂ‘é‘%@/“,’%r 100% homologous to the sequence of SEQ ID 70, 20 or 21 is
. incorporated into the immunogenic composition of the invention.

20 The compositions of the invention optionally comprise a fragment of the SdrG
polypeptides described above.

Preferred fragments have the signal peptide and/or the SD repeat domain and/or the
anchoring domain deleted. For example sequences corresponding to amino acids 1-713 ,

25  1-549, 225-549, 225-529, 24-717, 1-707, 1-690, 1-680, 1-670, 1-660, 1-650, 1-640, 1-630,
1-620, 1-610, 1-600, 34-707, 44-697, 36-689 of SEQ ID 76 or sequences having 85%,
90%, 92%, 95%, 97%, 98%, 99% or 100% identity to SEQ ID 70 or 20 or 21.

Preferred fragment with the signal peptide deleted have a methionine residue at the N-
30 terminus of the fragment to ensure correct translation.

A more preferred fragment has the following sequence:-

MEENSVQDVKDSNTDDELSDSNDQSSDEEKNDVINNNQS INTDDNNQ I I KKEETNNYDGI EKRSEDRTEST'TN
35 VDENEATFLQOKTPQDNTHLTEEEVKESSSVESSNSSIDTAQQPSHTTINREESVQTSDNVEDSHVSDFANSKI
KESNTESGKEENTIEQPNKVKEDSTTSQPSGYTNIDEKISNQDE
LLNLPINEYENKARPLSTTSAQPS IKRVTVNQLAAEQGSNVNHLIKVIDQSITEGYDDSEGVIKAHDAENL IY
DVTFEVDDKVKSGDTMTVDIDKNTVPSDLTDSFTIPKIKDNSGEI IATGTYDNKNKQITYTFTDYVDKYENTK
AHLKLTSYIDKSKVPNNNTKLDVEYKTALSSVNKTITVEYQRPNENRTANLOSMFTNIDTKNHTVEQTIY INP
40 LRYSAKETNVNISGNGDEGST ‘
IIDDSTIIKVYKVGDNQONLPDSNRIYDYSEYEDVTNDDYAQLGNNNDVNINFGNIDSPYTIIKVISKYDPNKDD
YTTIQOTVTMQTTINEYTGEFRTASYDNTIAFSTSSGQGOGDLPPEKTYKIGDYVWEDVDKDGIQONTNDNEKP

12



42004326 43264452 4452 4578 4704 4830 4956 5082_ 5208 5208 L 5334 533415460
54605586 558557 dbEihl,5837 j 5963 408230j8356 418356i8482 42 84328698s/010184

10

15

20

25

30

35

LSNVLVTLTYPDGTSKSVRTDEDGKYQFDGLKNGLTYKITFETPEGYTPTLKHSGTNPALDSEGNSVWVTING

QDDMTIDSGFYQTPKYSLGNY
VWYDTNKDGIQGDDEKGI SGVKVTLKDENGNIISTTTTDENGKYQFDNLNSGNY IVHFDKPSGMTQTTTDSGD
DDEQDADGEEVHVTITDHDDFSIDNGYYDDE

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

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
t

matrix. !

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

of the invention.

Ebh proteins contain imperfect repeats units of 127 amino acids in length which are
charactetised by containing the consensus sequence:-

L.G.{10}A.{13}0.{26}L...M. .L.{33}A
Preferably

.{19}1.¢.{10}A.{23}0.{26)L.. .M. .L.{33}A. {12}
More preferably

..... I/v..A...I/V..AK.ALN/DG..NL..AK. .A.{6}L. .LN.AQK. .L..QI/V..A..V..
v.{6}A..LN/D.AM. .L...I/V.D/E...TK.S.NY/F.N/DAD. .K. .AY/F. .AV. .A..I/V.N

13



4386048730 4488588984 WO 2006/032472Per/EP2005/010184 Table 3 B-cell epitope

prediction for ayl@ 4,g¢Riag,acid repeat, : The full-length sequence is discloggq ipksbirda gt al
(2001) Lancet 387; 1225-1240. One of these repeats, encoded by amino acids 3204-3331of
the full-length sequence was chosen to carry out an epitope prediction:-
MDVNTVNQRAASYK STRBAD GRYQNEOR ARTE APRAI TS DLORORNA L PQamine acids
QVNSAQNIT kit NPT KQA T SENTANITEE 18R . EANHE NG VAIDSD BRAMNAD TNEX
NDYNNAYNI-IANDIENGNAQIEEVI 10 Litactlrt End E Rope sequence Start

10

15

20

25

30

By reference to the sequence disclosed in Kuroda et al (2001) Lancet 357; 1225-1240, and
Table 2, the repeat sequences within Ebh proteins are readily deduced.

Preferred fragments to be included in the immunogenic composition of the invention include
polypeptides 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 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
antibodies that are reactive against the whole Ebh protein.

The Ebh polypeptides 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
4 3961 4087

14



10 TVNOKA 3208 14 19 KSTKDA 1 3217 21 33 DGQQNLQRAKTEA 3224 42 51

WO 2006/032472
B 4200 4326
9 4326 4452
10 4452 4578
11 4578 4704
12 4704 4830
13 4830 4956
14 4956 5082
15 5082 5208
16 5208 5334
17 5334 5460
18 5460 5586
19 5585 5711
20 5711 5837
21 5837 5963 |
22 5063 6089
23 6089 6215
24 6215 6341
25 6341 6467
26 6467 6593
27 6593 6719
28 6719 6845
29 6845 6971
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

15
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DLNOAQKNAL 3248 66 74 DIKQTTOSL 3289 100 112 ADTNKKNDYNNAY 3303 117
123 DIINGNA I\N:‘2628b6/032472

10

15

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

PCT/EP2005/010184

The full-length sequence is disclosed in Kuroda et al (2001) Lancet 357; 1225-1240. One
of these repeats, encoded by amino acids 3204-33310of the full-length sequence was

chosen to carry out an epitope prediction:-

MDVNTVNQKAASVKSTKDALDGQQNLQRAKTEATNAITHASDLNQAQKNALTQ
QVNSAQNVHAVNDIKQTTQSLNTAMTGLKRGVANEHNQVVQSDNYVNADTNKK

NDYNNAYNHANDIINGNAQHPVI

Begin | End | Epitope sequence Start Stop
5 10 | TVNQKA 3208 3213

14 19 | KSTKDA 3217 3222

21 33 | DGQONLQRAKTEA 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
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- The "Begin" and "End' columns present the position of the predicted Bicell epitopes in the

127 amino acidygp&irlinmd he "Start’ and "Stop” columns present the positiop;95t08010184
predicted B-cell eoltopes in the Ebh fu length sequence WO

2006/032472PCI/EP20051010184 :rahle 4 T-helper cell epltope prediction in Ebh  The

full-length sequgnee iTdisplasan spilote\iBLidaiaassh sequence reference Q8NINO6. One of
these repeats, encoded by amino acids 32043331 of the fult-length 5sequence was chosen to

carry out an qRoRAINRGIStIOXuence is disclosed in  TrEMBL database, sequence reference
MDVNIVNQTaMIfSs! | 6 RAMIRQOQNLQRAKEEAENA ZiiNe BENQAGU GBAL LT RQMNength

A.QNVELAVNRIKQETOSLNTAMI Gl R G VANTINQYMRRRANY VNADTNICK
NDYNNAYNTIAINVIINGNAQIIPVI The Position repeat’ column presents the position of the

predicted T-qpifRpife W@émmﬂb@ém FEANCE AUNSD DIRIRUR RN TQ

position of the predicted T-cell epitopes 15in the Ebb full length sequ
D 006103247 SDEIARG Wﬁﬂ“’fﬁg Mﬁ&ﬁ%ﬁ%@fﬁ%§w

employed fommmmmﬂ Iength polypeptide by peptide synthesis;

therefore, these fragments may be employed as intermediates for producing the full-length

polypeptidesretthe-inventionRartictary-preferrpd-are-vararts+-which several, 5-10, 1-5,
1-3,amino ag dg%sf’goéhrﬁgﬁﬁ}té@m&e%@%ﬂ&d’ﬁsﬂﬂﬂcombmmmn. Elastin bindino protein
(EbpS1 10 sequence
1 MDVNTVNQK 3204
3 VNTVNQKAA 3206
6 VNQKAASVK 3209
26 LQRAKTEAT 3229
37 ITHASDLNQ 3240
43 LNQAQKNAL 3246
51 LTQQVNSAQ 3254
55 VNSAQNVHA 3258
61 VHAVNDIKQ 3264
64 VNDIKQTTQ 3267 -
67 IKQTTQSLN 3270
74 LNTAMTGLK 3277
78 MTGLKRGVA 3281
81 LKRGVANHN 3284
85 VANHNQVVQ 3288
91 VVQSDNYVN 3294
92 VQSDNYVNA 3295
97 YVNADTNKK 3301
98 VNADTNKKN 3302
108 YNNAYNHAN 3311
112 YNHANDIIN 3315
118 IINGNAQHP 3321
119 INGNAQHPV 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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EbpS is a protein containing 486 amino adds with a molecular weight of 83kDa. It is
associated witlyih8eyipiasmic membrane of S. aureus and has three hydsephehissisgians
which hold the protein in the membrane (Downer et al 2002, J. Bid. Chem. 277; 243; Park et
al 1996, J. Bid. Chem. 271: 15803). 15 Two region between amino acids 1-205 and 343-486
are surface exposed on the outer face of the cytoplasmic membrane. The ligand binding

domain of Ebpimiotatethbpbiypepticesioas iﬂade&{brat-rmebbldepbvuds‘c(ﬁaddm@ %899, J, Biol,
Chem. 274; 28800 ARa Y EIPURS1AADENIDh ARRALROKRIELIHR 6 4RO RIGHN S may

composition of the invention would be the surtace exposed fragment c_ontangl the elastin
binding regioPtAMRIY et RINeBRY &S oL RSrgrsiRg e AgRRIGHE WﬁS?%tgip‘F 'EVSH%%'
exposed foop but should contain the elastin binding region (amino acids 14-34). An alternative
fragment which£auideerart s ansigisantsan M Rsile iprex0g1tBe1se.copdistsiare sposed
loop 25(amino agcids 34@-42%6 . Alg%r e%ti\ﬁeargra rrp]s?]'é% containing up to 1, 2, 5, 10. 20, 50 amino
acids less at 61 sglrui?gt eé%gs' SrEHEH posgi e. 'arﬁ?ﬂ'ayecepjgrs 30The laminin receptor of
S. aureus plays an important role in pathogenicity. A characteristic feature of infection is

bloodstream ipasionnaiig bralmvEpydespread metastatic abscess formation. Bloodstream
invasionygequires the ability to extravasate across the vascular basement membrane. This is

achieved thropghdbindingJailRByRRREPUEE thadaraiie Reeaiwdbanss wéighboiayed. o8
229: 275). 35 LARIBINT Vit YRES GIBAHLIARSTRRORRL 3 521 RIS SR MEaYeY AR Bhobic

staphylococci inc

20040324725%_“@?:985 Bolhe g e e 91%.2002, J. Biol. Chem. 277;

0| 1.8 protein INg an 1gG binding region and an
apolipoproteir? tﬁﬁﬂir’?&%& Rn'al @Iltigeeﬁzpégés ﬁ\‘%ﬁwost strains of S.aureus (Zhang et al
1998, M?@robiology 144; 985). The N-terminus of the sefg#gnce of Sbl has a typical si%ml

sequence witf¥odegioade e RBINMH AR 4P YD 276 SASr4AS 215 areiret HRGRTER IS be

incorporated fags 0f ithenaviogleaiieongraitinm JhthdigareneibAirgafemaiarminsaddiselsierted

30, 31, 32 or Behaerhcesitinere$4G4as BetbirtaiminuelBisk ¢balehehpleBit SHEMD2KD2845). The

IgG binding domain of Sbi has been identified as a region towards the N-terminus of 10the

protein fpom amisrefaeids fdgMhent his Bemaioridlaeaioitgote tniimerggehindsrgpdeitivainst ofhe

protein A.  jnvention would be 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

25 (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

30 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).

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

40 Bl
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The minimal IgG binding domain of Sbhi contains the following sequence:-
15QTTONNYVIPWEARYRVLHIIKGITEEUNQYIKTIREHITRAQEVFSBSYKtip3t0s oi0isd -

- denotes amino acids which are similar between I1gG binding domains 20 Preferred
fragment of Shi to be included in the immunogenic composition of the invention contains an
IgG binding d@hiima plogefndgnientcdyabirs i regioaamsiusn seglispcetéir Hrbigihd dmnain and
domain as designatpebined Rnaiowins heSahoyesszasenees B oste ki Bedipgnaessspntains
or consists of the complete sequence shown above. More preferably, 25 the fragment
contains or CO‘Pﬁ@F@t@frﬁr’ﬂUQ%ﬁﬁ@&%Qeﬁ@e 3PsRPnA0: pé§r%§& nes with® d0adad site
33-150, 38-1605 335160, %%.dlig %ﬁe;lé?rgp § praferisir 4 1?&%9&&&5@ lnto an
example of S B)n Qn COm éf fi 5? ﬂ)t m%}ﬁgontalqno ?Rgreséu 3 1 1 % r. 33

amino acid substjtutl qmt uen icate nts may ‘contain
multiple repea?s(?f § eg hﬁ %rml Cf)blnglng B-FIBFibisa
19kDa fibrinogen binding protein which is secreted into the extracelllalar medium b

areus. 1t 5 PR DOHATP SRR RO PR dEPVHEG S PIRE I ENT G0 Napinus of
Microbioll033; ¥84mptaln Foguuisciaridss4i-tite phissosmibr Bolirmgeaasdipiiis @S binding
fibrinogen coagemansatewtathid. ability facilitates staphylococcal colonisation of catheters and
endothelial cells. WO 20061032472PCT/EP2005/010184 Fib contains a signal sequence at
the N-terminuStef thieipedigd biriting ¢erativefdetsadairs thafcdibonbasdioeraetd 30. Therefore a
preferred fragment to be introduced in the immunogenic composition of the Invention would
contain the sequegstrafithariaiievpraleikdiron: abaut Briredeid Aikio-Hag Getenninus of the
protein). IsaNPisA 10IsaA is g 29k0a protein, also.kpown ag PisA has beer shown to be a irt
unociominant staphylococcal protein during sepsis in hospital patients (Lorenz et al 2000,
FEMS Immungi. Meg Mlcrob 29 1452b1'ge first %ﬁ amino acrd of tqe JcsaA sequgn%m & ng

thought to be a srggggsequ 280 8453

20
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,

25 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
30 the sequences indicated.

Preferred fragments may contain multiple repeats (2, 3, 4, 5, 6, 7,8, 9 or 10) of the 1gG
binding domain.

35 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).

40
S. aureus clumps in the presence of fibrinogen and binds to fibrinogen coated surfaces.
This ability facilitates staphylococcal colonisation of catheters and endothelial cells.
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15 Therefore a preferred fragment of IsaA to be included in an immunogenic composition of
the invention Wqlddgeegiaimamino acid residues 30 onwards, to the end of $pe,£p868 010184
sequence. Fibronectin binding protein 20 Fibronectin binding protein A (FnbA) is described in
US5320951 and Schennings et al (1993, fVlicrob. Pathog& 15; 227), Fibronectin binding
protein A contains several domains that are involved in binding to fibronectin (WO 94/18327).
These are callem Bdnt83s @srjneli94q Rrrie terdrrgeremissaifitheosein withdingupiivieiisa e
comprise or cqigigidatDmiRg 423, 894, TR 2 QReRadd rBimdat R2024ioBcEH ifathe
described in WQ. R YoRiPERSS I BIBANAAIGICIdGRNEBHISIR BE 3RS SrSIBsFhature
sequencegFor examnle: AN INFRYGIBEHRLCAASYEL G PYGIAIGODRAA Optionally,

the mature protein omitting this signal sequence is included in the immunogenic composition
of the invention. 35 Transporter proteins The cell wall of Gram positive bacteria acts as a
barrier preventing free diffusion of metabolites into the bacterium. A family of proteins
orchestrates tﬁ?—%@%ge of essential nutrients into the bacterium and are therefore essential
for the viability of the bacterium. 40 The term transporter protein covers proteins involved in
the initiall Step spilscePtR metalsiitelssepvasar drisdshre PernABREN IS ciTrnastodeRinant
transporting tHéapfataberitel intoteie datearikansiswo tapdalosztiente (-PErRE0510 20084 FEMS
Molecular ironhisnaumelstatiMicotda2®ord 46). bacterial growth. Siderophores are secreted that
bind free iron and then are captured by bacterial surface receptors that deliver iron for
transport acrosadhistyopiasiAY CabieTiIr diReisiRNsagaensHiafeistwiigealifobshe sigiablisdynenieof
human infectiafefolbal frsrarieralirRAIANERATYIPE FRARRASA antilmelrssealdrotaiBsiteAds

to a loss of staphylpergsaWiARIIMnEIPIIRIES Qlid ASRULEEPENGINSSNIUAE end of the coded
Immunodomlr@W% transporter (Burnie et al 2000 Infect. Imun. 68; 3200), IsdA
(Mazmanian at a 508

2 PNAS 99; 2293), isdB 10(Mazmanian el al 2002 PNAS 99; 2293),

Mg2+ tran i i i
g2+ transpoppr oG (Mers aod Foster

20
Fibronectin binding protein A (FnbA) is described in US5320951 and Schennings et al
(1993, Microb. Pathog. 15; 227). Fibronectin binding protein A contains several domains
that are involved in binding to fibronectin (WO 94/18327). These are called D1, D2, D3
and D4, Preferred fragments of fibronectin binding protein A or B comprise or consist of
25 D1, D2, D3, D4, D1-D2, D2-D3, D3-D4, D1-D3, D2-D4 or D1-D4 (as described in WO
94/18327).

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

Optionally, the mature protein omitting this signal sequence is included in the
immunogenic composition of the invention.

35 Transporter proteins

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.

40 The term transporter protein covers proteins involved in the initial step of binding to
metabolites such as iron as well as those involved in actually transporting the metabolite
into the bacterium.
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2001 Infect, Irnmun. 69; 5198) and Ni ABC transporter. unodominant ABC transporter_
15immunodomipgnbdyRsz4ansporter is a well conserved protein which maybesanaila
generating an immune response that is cross-protective against different staphylococcal
strains (Mei et al 1997, Mel. Microbiol. 26; 399), Antibodies against this protein have been
found in patients with septicaemia (Burnie et al 2000, Infect. Immun. 68; 3200). 20Preferred
fragments of impideslariBan ABestamapestesmil ichidetar pentilesdafphbldy, da\etbteted
RRYPF, KTTLELK (oM frdolsh WW&%B%ErM? M&@fﬁ@%@%\%@@ﬁ%‘é&@?ﬂmn for
TVIVVSHDRE@TS NV, aRdlorTE TELR 4; 9%@%&@%@% CRS EARIAMor the
epitcpes g % %R%% o Ryrie i @%ﬁg@mnﬁﬁyg fioh Y SRR AADHRA R ainst
in

(iron-regu ate surace l;ce)trmln n qﬁ) 2! ie%c Ocogg ?t\%!a sl{esponsmle for
haemoglobin g an(fpas age 25t Rae i Tr3reiaPive cytoplasm, Where it acts as an

essential nutrient. IsdA and IsdB are located in the cell wall of staphylococci. 30 IsdA appear
to be exposedFSRMIAES GFriBBSBPRECRERIEIRF dislidn IDaLEedpria tERTSRE R iU AL @
IsdB was partRIR0diglesiedraurgB3iidgaPat'ada sMarmaniahied AR RP0r2RR3). IsdB
bacteriuft? (MdMerminiaeteita RIISEINMS 208298 8 Ma2is dransraried Bire(Wdteho s drettsins
which bind he2®0T hafieabprassidi?;is tegjaatadi B3 GSthrspard@ability of Iron via the Fur
repressor. Their expression will be high during infection In a host where the concentration of
iron will be lowmmdrrivieaalFBRNMBARdr'PA and FrpB (Morrissey et al 2002, Infect,
Immun, 70; 2399) FrpA and FroB are major surface proteins with a high charge. They have

been shqwn t Qéf&lﬁr%ﬁpﬂ@éqgﬁgmp%tg @gh%@%ﬁ%ﬂ’lﬁﬂf&n WHikh may be capable of
2006/ 032472Pgnﬂ|§ Qél W&T@ed' H& E“&B‘é tlégmé'%%gﬁm@lcd%?éﬂ?ﬁ%@gc&%al
invention com ses Awg,g or| |§(g \g ICRnltSDd gr S%%{'t}{vs% 9188

s Inclu

WO 03/11899 oxms uator V|ru nce mi
toxin such as lé‘ﬂf)rl’wda [Poga )?s?ﬂ céﬁfg\% h@ﬁé@ﬂn Gs We }:%1% pPré%eer that
regulate the production of toxms such as RAP. 10Alpha toxin (Hla
20 Preferred fragments of imunodominant ABC transporter will include the peptides
DRHFLN, GNYD, RRYPF, KTTLLK, GVTTSLS, VDWLR, RGFL, more preferably
KIKVYVGNYDFWYQS, TVIVWSHDRHFLYNNV and/or TETFLRGFLGRMLFS since

these sequences contain epitopes that are recognised by the human immune system.
25 |[sdA-IsdB

The isd genes (iron-regulated surface determinant) of S. aureus encode proteins
responsible for haemoglobin binding and passage of haem iron to the cytoplasm , where it
acts as an essential nutrient. IsdA and IsdB are located in the cell wall of staphylococci.

30 IsdA appear to be exposed on the surface of bacterium since it is susceptible to
proteinase K digestion. IsdB was partially digested suggesting that it is partially exposed
on the surface of the bacterium (Mazmanian et al 2003 Science 299; 906).

IsdA and IsdB are both 29kDa proteins which bind heme. Their expression is regulated by
35 the availability of iron via the Fur repressor. Their expression will be high during infection
in a host where the concentration of iron will be low.

They are also known as FrpA and 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
40 provide a major contribution to adhesion to plastic.

21



Alpha toxin is an important virulence determinant produced by most strains of S.aurous. it is a

pore forming taxig ssdpiasmolytic activity. Antibodies against alpha toxin havedsesia/shigyyn to
neutralise the detrimental and lethal effects of alpha toxin in animal models 15(Adlam et al

1977 Infect. Immun. 17; 250). Human platelets, endothelial cells and mononuclear cells are
susceptible tolthenefieeisiaéaipha laxinnddzaib gimimsitidy of takoinadiaion conpiiess th fbgrstaiud
be detoxified hefarmbringdeebiasiatdsanbeaayann 61Esean henssh®yegoby chemical
treatment, for Instance by treating with 20formaldehyde, giutaraldehyde of other cross-linking

reagents or byrehyenycaty qgrg’um”pg bifvipardedd polysaccharides as described below. A
further w of removing toxicity is to introduce point mutations that remove toxicity while

e e TAgBRIE L= . 16 LR LR RICTLE Sl T SRR

ofalphatOX| in eucine residu
removal of toﬁc rc\)N?'IIEt rgpalrﬁéglmrﬁﬁr%egem@ fl\ﬂsenr%alege '8?%2%8 38% F}P X"?S e

Immun. 64; 18§ ABistidine 35 appears to be critical for the proper oligomerization required
for pore formation and mutation of this residue leads to loss of toxicity! 30 When incorporated
into immifhogéeacerimbdiibns of the invention, alpha toxin is preferably detoxified by
mutation of His 35, most preferably by replacing His 35 with Leu or Arg. In an alternative
embodiment, alpia ttodonisisidetprified byuemepidetéoninert hred e by mestsstbtedhdhaurageic
composition, [y efeblioeapgutairpalisaseinalyte actnibst Atdbodids yagaitst alpiea tokjpaave been
polysaccharidgnaid/es éavaaid YRE Jeilipelyscashastts IFaunsl/er MMMAGoxRNA SidpIaiRiels
(RAP) RAP is(pgfaitsedf axfordnybiskdsia gguiata7of1bs exprassionriisiuiensstiasiotsRARGS
40 produced M%%@a%wbé sharineeneRl 4 ASLIRIES dhadar dagpiatory system of other

staphylococci and activates the expression and subsequent release of virulence factors such
as hernolysin, enterot xm a T 1. WOZ /03 47 PCIMP20, SQB 1 An immune
esponse gerlISEH A e et Ty es

oul detOXI
pathogenicity &% Qﬁ@ ANRRRASE 8P %9 WP Ibe&'?é%%‘;%é f?&tﬂ%%?%%?ﬁ'@?awh

strains t@%mépg@aldehyde glutaraldehyde of other cross-lmklng reagen or by chemically conjugating
it to bacterial polysaccharides as described below.

A further way of removing toxicity is to introduce point mutations that remove toxicity while

retaining the antigenicity of the toxin. The introduction of a point mutation at amino acid

25 35 of alpha toxin where a histidine residue is replaced with a leucine residue resuits in the

removal of toxicity whilst retaining immunogenicity (Menzies and Kernodle 1996; Infect.

_ Immun. 64; 1839). Histidine 35 appears to be critical for the proper oligomerization
required for pore formation and mutation of this residue leads to loss of toxicity.

30 When incorporated into immunogenic compositions of the invention, alpha toxin is
preferably detoxified by mutation of His 35, most preferably by replacing His 35 with Leu
or Arg. In an alternative embodiment, alpha toxin is detoxified by conjugation to other
components of the immunogenic composition, preferably capsular polysaccharides, most
preferably to S. aureus type V polysaccharide and/or S.aureus Type Vill polysaccharide

35 and/or PNAG.

RNA Il activating protein (RAP)

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

40 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.
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It would have a second advantage of producing an immune response that would be

instrumental ingepysing iy morbidity of the infection. It is particularly adyaptag604s i,
combine RAP with other antigens in a vaccine, 10particularly where the additional antigen

would provide an immune response that is able to kill the bactedurn. Other proteins

15Accumulation-associated protein (Aapj Aap is a 140kDa protein which is essential for the

accumulation g Smaie Heisin g RRa UstRnas fssalnieta) Iriethel hatienuAOBd Gbuld

519). Strains ﬁ%@ﬁ%ﬁéi%H"ﬁ%ﬂ?”ﬂ&iﬁg@%ﬁ%%@i%@iQﬁé‘tl%/dl%ﬁﬁﬁéé‘mpBmﬁ&ﬁ@i@ws@@tﬁép

appear to be I&Bég%ﬁg#& h&WiFQ%ithFRQ?FQHQ% éggg%c_iies against Aap are able to inhibit biofilrn
1bi

formationgand inhibit the accumulation of S. epidermidis. A preferred fragment of Aap is a
conserved domain comprising or cqnsisting of amino acids 550-1069, 25 Staphylococcal
Secretory anti?é"flogé)ﬂ%%aaA E(.fgns%r(a)évqm%ﬂ%ﬁngmgrl{%n ro %iwgf%kﬁgpf%%%d%ﬁ%gﬁ]& .be
aterates and $'SIHMERRAITHLCAUSRY e Q%’Cﬁj & 'I'P{ﬁ’?ﬁz’ﬁ'ol, Med. Microbiol, 29; 213). its
expression 30during endocarditis suggested a virulence role specific to the pathogenesis of
the infectious Wideassticsiaily csMaMAgeayN R FRMBINR AP sWiilicrBeranttisesit bl et
cleavagd Gite PRtisuissld evheep tiheadditnoel e g a WodropaNide égidnratns menansatéigt iveble
amino acids ftorkilrésidaetduto residue 130. A preferred fragment of SsaA to be Incorporated
Into the immunogenic cOmpositlon of the invention is made up of the mature protein (amino
acids 27 to th©@xtarprotsins amino acids 30 to the C-terminus). 40

15  Accumulation-associated protein (Aa

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

20 formation. Antibodies against Aap are able to inhibit biofilm formation and inhibit the
accumulation of S. epidermidis.

A preferred fragment of Aap is a conserved domain comprising or consisting of amino
acids 550-1069.

25
_Staphylococcal Secretory antigen SsaA

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

30 during endocarditis suggested a virulence role specific to the pathogenesis of the
infectious disease.

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
35 residue 30 to residue 130.

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).

40
A further preferred fragments contains the hydrophilic area of SsaA from amino acid 30 to
amino acid 130.
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A further preferred fragments contains the hydrophilic area of SsaA from amino acid 30 to
amino acid 13@vo\Aos495164032472PCUEP2005/010184 Preferred combingtiops AR)siiaked
combination of proteins in the immunogenic composition of the invention comprises laminin
receptor and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
irnmunodominant ABC transporter, IsdA, I1sdB, IVIg2+ transporter, SitC, Ni ABC transporter,
alpha toxin, aiptefessedaesnidmrati®s® mutant, RAP. Aap and SsaA. A further preferred
combination of proteins In the immunogenic composition of the 10 invention comprises SitC
and 1, 2, 3, 40 asferbeicaniirisselesiadikom e GrRMMegasS e iR LTOHE THRSton
ABC transpoigidselds, isefhiMa2aplsrBsRONeS, SithoN Aol aRRRAL L ARG theA b
toxin H35L OR HZ8R myiafh RAEAgh LRI N PIEHARil SO RINALAD OLREOIRINS
in the 'mm“”R%%”t'@r‘%é’m 9oiLoR.qhihe a]kpsl‘nlan}/oeri]r;uﬂgéf_o PRgR ERIAARIAR g4 0y Yo gurther
antigens selected fom the gr(f)up consisting of Immunodominant K@E'tranSpoﬁer, ISCIA, 1sdB,
Mg2+ transporter, SitC, Ni ABC trans%%rter, alpha toxin, alpha toxin H35L OR 1-135R mutant,

RAP, Asp an@t SLAPCT APTRIRHER sTRRANAI b b MIRIRIE of o fBfe iRMH RS i fRAgaliRn of the
composhBon SPERiIon RINEEH RiNptises EBe 4ner £, BrisenHitigenfripdps JORs beisresa
from the grougPReBEIstAGIBMHNeARTIERIT NARt BePariaTs frste st AVodd BragemreraSdfontr,
SitC, Ni ABCARmposrartelpghehtoloxin jpia toxim 85108 RIFIBoRUtALLERAPRASR, dsiSand.
SsaA, A further preferred combination of proteins in the immunogenic composition of the 25
invention compfatiseE ppScand Lothbhadior bffpibtehanigers paiasiegefiontéheesitiop of the
consisting of imentbedempiians ARATaRsPRrers,|ads. d5dBndYigriybiRnsnestss wite i A6l
transporter, alphadMbralARRIoN RSB0 R AH3ERERIK, RAE, eh:anshSsar Asfither
preferred compRafioN AI-AOLEINS IAHNE ITROSEAE ERPRHIANQLLER0 ABYSIOS A,

comprises EFB(FIB) and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of

immunodominapt ABC transporter, ISdA, IsdB, Ivtg2+ ttansporter, SitC, Ni ABC transpotter,
aipha toxin, Aol 05k P PO DRAHom, . Aol SBS0R Y TSR he
combinaton BYBRIROTPHRESERIRGEENL chrb B P B SHS oSl o ae Sserp
and 1, 2, 3, 48PsHIne HRNgAcOBER: &P fr FRTPRPGROUIS HONSEBinY WA infRNSRE B IEnt Ni
ABC transpoftBE [ERNEPPsien anb ioxiarriplatoxishioING R BESRAnYiss &ARIfieR andSsafbha
toxin H35L OR H35R mutant, RAP, Asp and SsaA. A further preferred combination of proteins
in the immunAg&mibecopngfesitib rcahbivetid infepriadeinso m ptise sratobgsinardrip &tk ar the
further a2atigangenatecteehfiestEbgsafdcangissng of fionmieodoigsmnicfddtedmarapaeefoup
IsdA, 1sdB, M@dsidtagseoreiusitomNeABIBransRparsr AehR 184, mihatiespdidbLsaR Ni
H35R mutanig¥\ParfAsBranchigsa4bxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.

A further preferred combination of proteins in the immunogenic composition of the
30 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,
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
35 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

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
40 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

ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.
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WO 2006/032472PCI7F,P2005/010184 A further preferred combination of proteins in the
immunogenic gpgesidemf the invention comprises CIfA and 1, 2, 3, 4 oppfHihREaNiIgens
selected from the group consisting of immunodominant ABC transporter, IsdA, Lads, Mg2+
transporter, Site. Ni 5 ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP,
Asp and SsaA. A further preferred combination of proteins in the immunogenic composition of
the invention sofophiseprEldrednmhpdalort of pritshieriaritigeinsraelepted frompibegtignoap the
consisting of im@nipadminassABEAteasPOes, 10, JSoihdvigatigiansplocted, Gt NI doABC
transporter, alRRgidM R EREEHTIRAL ABR FE33FoReHIaHARAERS ARgANEaSSRiter Bitthavi
preferredgconypaation rl%ﬁot‘ﬂﬂ?r%'B)Hﬂedm%@9995{W'%@EIWAISVRQSQHQCQQW'SGS

SdrG and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of

'mmunodom' SRq" 'ﬂE%% oqa tr napeorﬁﬁ uQHBSeN ]c gwsofe%ﬁsr
Iph %%é% 8 [)
gr%t;rtlgxllr?tlfeﬁr%?ngﬁlcomﬁfc':sgor?osmonm t hvgr{tlon rthe %rn g r,-%re ‘?rr? @glgponl:g

further am.geﬁ%ngatg& R R gR RSB RS SRR AETRSEoRLT:

IsdA, 1sdB, MGBS HramoniRe R RSREG: Qlﬁ"ﬁé@"ﬂﬁ%ﬂw&ﬁﬁ%ﬁ&{m@% %Bwa%ﬁnﬁ* H3%h OR

H35R mutant RAP, Aap and SsaA. A further preferred combination of proteins in the

immunogenicfeduibesitorasfat ecroeingten comprisinsipabe GamBNaaent, 2ompasiios fefrther

antigens selettenhfironedhweniges pSco@sisting, o, ifn s vn ddortiinaat B G salessor ferml dokA\g s,

Mg2+ transpardesisBiig of immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC, Ni
15  ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant and RAP.

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

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

consisting of immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC, Ni
20  ABC ftransporter, 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 Lipase GehD and 1, 2, 3, 4 or 5 further antigens selected from the
group consisting of immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC,

25 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 SasA and 1, 2, 3, 4 or 5 further antigens selected from the group
30 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 FnbA and 1, 2, 3, 4 or 5 further antigens selected from the group
35 consisting of immunodominant ABC transporter, IsdA, IsdB, Mg2+ fransporter, 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 FnbB 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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25 Ni ABC transporter, alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Aap and SsaA.

A further prefegggrhesapiination of proteins in the immunogenic compositiopgftbs,igNesEen
comprises SasA and 1, 2, 3, 4 or 5 further antigens selected from the group 30consisting of

immunodominant ABC transporter, ISdA, IsdB, Mg2+ transporter, SitC, Ni ABC transporter,
alpha toxin, alphtrtbainpH8stedOROMBBRIeNUtINDrdeAR, Maharithi®gaggehituntrepgsitidoreidihe
combination ahpsntiemnsamghiscsn @oen@genit, @ rapositisrinfrereamigentcseleotap fives thalyfoamd
1, 2, 3, 4 or 5 ¢gRdamgriigansuBeLRERthMORBT & Epurel > eainsisSiR) edgmntiamegotaianCARC
transporter, IS¢ kpsHapdAGR biliRN ERMIIpRIRXINIHABCOFASBRIRINID RArOEL alithestaxin
H35L OR4H35R mutant, RAP, Asp and SsaA. A further preferred combination of proteins in
the immunogenig, GAMARASHINE PIIRIANEIRIAN GMIRISES P BAND daeni: c‘érﬂbo’%ﬁ%hﬁ the
antigens selegteg i O?eré ‘:R %*p 85‘8'31'”9 %f Ui“&P%”ﬁﬂRéP'Q éﬁ ‘QeY é ﬂ ?up

IsdB, Mg2+ transgqr raﬁ% ﬁ_ ha o E‘% rf Ni

ombiation &%¢)o¥@mgeﬁ%@'ﬁﬁm@ﬁwgama tmﬂémoﬂ% H'{}g?ﬂoﬁ%o el

1, 2, 3, 49r 5 further antigens selected from the group consisting of immunodominant ABC
transporter, | AUTEEB PRAEZE Y SRspURalOS RE ProtsiBCinr PR JBVIBINQIBRIA eXTRosIbeEA Bhxihe
H351., OR H3sRntpNBMRIARE ApArddSshA, A fieheriprbhsaatiocombteaiesh fofmibeegisuin
the immunogexddsistog pd sitimnnofitmeinave ABSh temsyanisesISUB adfl, 1IM82-8 témapbrientIS#C, Ni
antigens seleét®d frmsptireig topin coxs) stistes abstim MESLO0RHIBER ARG L RMB padtesnts84sASdB,
Mg2+ trggsporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35i. OR H35R mutant,
RAP, Asp anch SgaferAtdrtiRIdPERIREIRSHSA ORI BRHBIRC TP RS RSl AbEIETSHMRERAISN of the
composition qmeﬁt.wemeﬁsee%a-%%saﬁbpfr\ a8, b o Prohl 2AMEER cliBen Rl B Ju m
the group C°”§dﬁ§f§ﬁn§ ﬁ’}mH{&RQQ Rt A fg%& A ms&d%@ﬂg%raﬂ P”é%

tox a toxI % d%sa%

Ni ABC trans
further pr ferr(;%&?(’ghmﬁ% pro erllhgfé’ he |mmunogen|c composmon o’f B invention

comprlsg Npase and 1, 2 3 4 or 5 further antigens selected from the group consisting of

mmunodomu@&rﬁ?'ﬁ‘ﬁtRf%fﬁgﬁﬂrl%‘?"gaﬂ'%o‘ﬁ NRjeinsy ihdPoriemaireent ABEResiHep tethe
alpha toxin, alp¥eRteRircABEEeO RadStEmatsht | RAR, Ay Anrthes ANfigaNeHElqstedetie the
combination @b singisiinthel immunastpeniiacohBosiienooethsdiv éastibiMedmisaraotea/SitGs A
and 1, 2, 3, 4NirABithesparitgelphadtedtea fharvtineH§UPR 135S tingf ot j AR e @ risai.
ABC trapsporter, IsdA, ;sap Mg2+ transporter, &IC, Ni ABC transporter, alpha toxin, alpha
toxin H35L OR KighEr prérneRAbtnhisiianilbb$edieins in the immunogenic composition of the
invention comprises SsaA 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 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.
35
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.
40
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
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A further preferred combination of proteins in the immunogenic composition of the invention
comprises Ssak@nieln32473, 4 or 5 further antigens selected from the groupcagisissing (k4
immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC, Ni ABC transporter,
alpha toxin, alpha toxin H35L OR H35R mutant, RAP, Asp and SsaA, A further preferred
combination of@reiEding ¢h itheunasrmiogehiBso trgresititer, dtdhe IBdRNMOR TorisrReds ERtGNYI1,
2, 3, 4 or 5 furiR¢ tanspenerselpftddxino aiptetgrin B b IFRsHAGRO Mt RGO Wvnaamd A3 aA.
transporter, IsdA, 1sdB, Mg2+ transporter, Site, Ni ABC transporter, alpha toxin, alpha toxin
H36L OR H35R futitiantpieired\spraida8sa/of Apfutdier preferpshemafdinitiothgosriaieins ihe
the immuBogeRieRINRERIEAEST HitsiRNANHOR COMAPSISS urRd?-dndgehd . s2iedt<t Afom HEgoup
antigens selecigekian S AFRINBAARRSHNE %%HBR&?%HE}W%&@E@%%%@E&%?%&&?Q@’
Mg2+ transpoggp, i p&tlé?-\.%ﬁé%ﬁﬂ%ﬁﬁaall%ﬂﬁ@ﬁ%ﬂ'PB%FE%U?% SRALRIING sagkant

RAP, Aap and SsaA. A further preferred combination of proteins in the immunogenic
composition of the inventign comprises SSP-2 and 1, 2, 3, 4 or 5 further antigens selected
from the oroul VTS0 5 SRS AT e B AT R TR A B e
transporfet, 1sEXCTEAB RIS IPEn s PEPRGC Bitbin i ch BEHR R bribr Zaiphd xfh, Ui5RE #okgens
H35L OR H35WIRGRATORARS AXYRIRITSISIAY RfrARpreraRY ARRLIRRRRRET pletéinisiP:
the immunogé@Ztdmpesitieh SfttheNeileirosRbepraiea HPM aaha 203 48pls QRESR
antigens selectwithfiloRAfRergraany Esabisting of immunodominant ABC transporter, IsdA, IsdB,
Mg2+ transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H3 5L OR H35R mutant,
RAP, AspsandaStaiheA fratéresdp eiebiadtioanddipadtemofiproieinsruboganncsragesiion of the
coMposition ofiAtide Bovgses CATIRESSS BIHORGIBISINAINY PTOtEIB aBdol 2 iBthéObRtigens
further antigeng,selestRehiram ey %é?&ﬂ'@saf‘wuﬂmmﬂgﬁ( BN AR HBASRARE sdB,
ISdA, 1sdB, Mg ransgpdiel. 3ife: NI ABE HanSRALE! ARRadaN MagiR BifxiA8E 5O ssRr
1135R mutant, éﬁ@ﬁp ggfq s'a;l\5A further preferred combination of proteins in the
immunogenic compositioh o tﬁe invention comprises fibrinogen binding protein and 1, 2, 3, 4
or 5 further antigens selected from the group consisting, of immunodominant ABC transporter,

IsdA, IsdB, MG2 MRS BETRFCSiMRINAERE (L RIBISAS:, I i1 IBVHNASFRIS tERMPRPIEIN ok the
H35R mutant TRABIOASHEPIF s 03968/389 A r oréfSré&PESISE GRtIIPPPoTEIRESH fram the
immunogenic YoHIpeEEIEE NG ffHENRNSIRN NEIYRe drenaiglalsl AngdB, Mo repspaiigh&HitC.,
antigens seled{etiBtohanbeogeoigipberisittirajpbiitoxinundtlofind st R BGarkRHBaep NS $84B,
Mg2+ tradsporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H.35L OR F135R mutant,
RAP, Asp andaSkaiheA grefdirsdp cetabingtieanddinadiemofiproieinariiutogenenusragesiiion of the
composition ghiaatiayRBHYNERMPIESEsH19, 8081 42%r35 4uahér iHRtiRhaRigNsISRacted R
the group congislRgRf SNMHRALasHIRARE ABE I Eris$dAs 48 Bidd9 3 HpapRp Gc SNE
NI ABC ”a”SF):EHE’Era?b éﬁﬁfﬁpg:{gﬁu}g?ﬂﬂﬂ'ﬁ% LI3RBIRYRRINTRRR A5 aRd Sisal- A

further 8ferred combination o ns In the iImmunogenic composition of the invention
comprises MAP 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
mmunodomifadiNEE FERES G BAAL . (i BB I MROeR AP Coethe
alpha toxin, alpYENHGRiGITEEEeS RUABSRIth draft SRART ALY ARGAEEIR0SSHFHRS Brlkdhrgrolp
combination STPRGTERN 17 tRETHRRTRICRI ABENIFBSRRSIP b tRA It iME o Hiseader, SitC, Ni
immunodomirfd#ft KBEReEapeRER 41N alpha taxisrH3hkr PR HEsyaHask RAR I BB ANthEsgfoup
consistigg of laminin receptor, SitC/MntClsaliva binding protein, EbhA, EbhB, Elestin binding
protein (EbpS) EFBe[BefeBBl, antobysitioCitA, Seie@, Bdihs “trbdogenipasefashiby Sasthe
FnbA, Fnbfe, gwsnticd@niphinéds MpasdsandmisdcSsathor&tBin83 P21 355668, flHBE: antigens
Vitronectin birgjsgdy ¢ia tHbgrg e RRKY Praksmin GeastiseitEImnbARIa il ipoidrha
toxin H35L ORYARSR,ABERLIRARIAGRBMHIEBAS), EFB (FIB), SBI, autolysin, CIfA, SdrC, SdrG,
40 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.
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WO 2006/032472PC17EP2005/010184 A further preferred combination of protein in the
immunogenic GRERRgIHING,9f the invention comprises isdA and 1, 2, 3, 4 ope-fHihsIsANIGENS
selected from the group consisting of laminin receptor, SitClivintC/saliva binding protein,
EbhA, EbhB, Eiastin binding protein (EbpS), FFB (FIB), SB1, autolysin, CIfA, SdrC, SdrG,
SdrH, Lipase GehD, SasA, FnbA, FnbB, Cna, CIfB, FbpA, Noase, IsaNPisA, SsaA, EPS,
SSP-1, SSP-24 HEheViprereasin bintbingtRiotefn pffasinopethbinsingrptiath conadslase, dfighe
MAP, alpha toxifsnatithadtayHidd3esa0RdBoR Bufask sRAthaR aRtBBAs SeMc /RS group
preferred com&naa%%ﬂorm\rhI@é&@pfaamr@%ws%ﬁmpaﬁamg BldtaminkBRACR GAENREISGR,
IsdB and &, 2, hyar ﬁoiaﬂnesﬁ@ﬂ@%@s Bl Cé H&aw.}% @&ugwgaﬁegs%wﬁm L LRSEROT.
SltC/Mnthsalgl RI gg % % EbBI?BEB Ias |n PE[ SQEQB]_'BQ,FBI
autolysin, CIfAV tif as f %%

IsaNPisA, SsaA I'—l? Je_g H%(Rro %'fﬁcﬁﬂ%g S‘[%’i 9r brin SW 'E)
protein, coagut48 ' l\)ﬁboﬁ ?(WIaH fpha to&ﬁ?ﬁ% Bf H35R mutant, RAP Asp and
Ssak A further preferred combination of protein in the immunogenic composition of the
Inventior] CompridEesitereipiied, oorgbinaion faftReMiAtitfe HiesETsRMEaTREIR BRIGRSillERE! the
consisting of lEYaAlieTcamares i@ rmaishlida biddand drotesn aRtivens EieleBieR | frsrim i ginogp
protein (EbpSyoEHEnE |18) |BBhjrancopmon, SENMVBPGaISdréjr8ud- brataiasEBahBEpBasAlastin
FnbA, FnbB, Ginding ifB:téihiRbpShaees (SHR/RBA aBsAn BRI, 381, 1SHSPsarH; I BPase GehD,
Vitronectin birgtisg, Fife) FnbB!i0ag cORBNEHHG, LRI, |SORPWASEs Y EMB\ RS SHph S BIxin, Hdipha
toxin H3ps. ORitASRIBIMbikRINgRATein 3R A SSBk dRy bibihe chagRisad g MRAtASh A toxin,
protein in the LinmuRoagHs CORPRSHAAI N RAB SR GYRpKises alpha toxinand 1, 2, 3, 4

or 5 further antlgens selected from the group conS|st|ng of Iarnlnln receptor, SitCiMnte/sailva
binding protei A Eb lastin b|n ing rote B FIB SBI autol sm I
SdrC, SArG, Sdr ey 26 e o5

222
SsaA, EPB, S'g‘ﬁ?ri"oéjé:gﬂpf—?@?’ ibﬁr@ﬁéschnzb ﬁ’djh ?ofll@me'ﬁﬁ'ﬂ% gﬁfﬁ‘dﬁ‘# b?B}éh? group
coagulagg Flgw'ﬂﬁﬂwglrﬂmam%ﬁﬁﬁeom?AB%qm Sﬂé’f" IQ'&A'”QS(H’S“%ZE&Q Jetesr, Biretini
ABC transpor dAa,sraWwé%w\S)sﬁﬁﬁnﬁﬁﬁér?ﬁb@t@&&brﬁ%%ﬁ otPkotefiti ease GehD,
immunogenic ¥RAApORIMe frifBheraveliBonbedniiprsss aABis0xPsRSSEPO FERBIRSAR AN EBRd
1, 2, 3, 4 or 5Yifrtmectimtigding setdaitedifrimogthehirding pataisticapgdltemeifig, ididéhtaipha toxin,
SitClivintCtsak\zhbitoglimn 8 IF0 @R HESR AUbh BR AHastp mddBegsprotein (EbpS), EFB (FIB), SBI,
autolysinsCIfA, SdrC, SdrG, SdrH, Lipase GehD, SasA, FribA, FnbB, Cna, CIfB, FbpA,
Npase, IsaNPisAurgisp or&Ed* GomBiRatos P &oté%PthﬁsnﬁﬁHﬁthmgdafrﬁb%u&brmmn
binding prme'iﬁv&ﬂﬂﬂ# % Mo, dRmupadpraingn ABS hﬂﬂépgﬁﬁ‘g’erﬁds%lé
transporter, Si g d sP?éPﬁh#\?Q %/M%éaﬁvgs‘&ﬁ% 5995%%%%

further prefer n
comprlssea ﬁé %pré?{)e"%h?uﬂ Er ant Eer%g eléec re{:cgyfsr'n% '%s%{f? 59 Opr ase
laminin tecep 'i ) RANFR N Yy Sll eﬁ?p bHB\aSEbI’?B I'ﬁét
(EbpS), FFB @ IBERSB(tanrRiAinee, REetrn, §8F@°®Brﬁ"ﬂ%é§%§éb§°§% Asqtrlﬁslx W\BEu,
Cna, en, Fpr“NWWW"/P@@ StEansPpTie, dSA, 1 IsIBP- MQPTBF”WRW@&WSB@)leQ ABC
protein, fibrindgesppitatidgpendPsatvagulase, Fig, MAP, immunodorninant ABC transporter,
IsdA, IsdB, Mg2+ transporter, Site, Ni ABC transporter, Aap and SsaA. 10
35 A further preferred combination of protein in the immunogenic composition of the
invention comprises alpha toxin H35L OR H35R variant and 1, 2, 3, 4 or 5 further antigens
selected from the 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,
40 SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase,
Fig, MAP, immunodominant ABC transporter, IsdA, 1sdB, Mg2+ transporter, SitC, Ni ABC
transporter, Aap and SsaA.
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A further preferred combination of protein in the immunogenic composition of the invention
comprises Aspvadods/@323724 or 5 further antigens selected from the group g€neEHSRb184
iarninin receptor, SitC/MntC/saliva binding protein, EbhA, Ebhe, Elastin binding protein
(EbpS), EFB (FIB), SBI, autolysin, afA, Sdre, SdrG, SdrH, Lipase GehD, 16 SasA, FnbA,
FnbB, Cna, Cita, FbpA, Npase, IsaA/PisA, SsaA, EPB, 8SP-1, SSP-2, HBP, Vitronectin
binding protei, fibtieogesfeiredincppidtetimncodgertzsia, FlyiHd ARmonoysnid cormantiaBEf the
transporter, |9aentasiBcdvigrisels eRsparniar,1 SEe3NE ABE itansparitiemA Rl szipbartonithangoup
H35L OR H3%Bnalgh texirmdfA fasdsreteriastcrabinatiamg pratain ibHe BpARINEERAIC
compositipn anﬁG%W:%EEiH'(EB%)PE?ES(ﬁB BN dolsid; A1, BdHENS-@NEIRNS Spiaeiediipm
the group congising,Qf AaENPHN FCERIR, ﬁ‘d (R/ %BB@&%‘A%PHQR'%&KOE% §§BA| QBBz ﬁ@iﬁ“”

binding protei |t§ é)(%)‘, I':'bF gIB)p }?g chﬁg seﬁ:ge %%5

SasA, FnbA,

Vitronectin bm'Hl urio 8{’e‘.ﬁa’? nab r‘rl’ |ng pro h coagu a%e F%' nﬁ}fﬂ'ﬂ’efrm uho orninant
ABC transpo @P%@E ansporter Site, Ni ABC transporter, RAP, alpha toxin and
H35L OPH35R alpha toxm The inventors have demonstrated that certain antigens produce a
particularly effedHUBES0RIRiRTRE FeBIbEIRIEWRhiIREIEItJAtdRE JFaIRERECoCammgatign of the
Accordingly, &ventiodrrumises thevimndntion. iS.ah ihmidwe motisenspeiridedciinmitmgresmA
and a staphyloowigiigrahdpoiier popion, BitSAntiissivetapimitgc potealre GatetoEbhBir Eérstie
or toxin, or casimatigjnyokiv #Fish8)SERBFIR)SE) tratnlypinrteiffy S, SdrShRarid] a.ipase GehD,
staphylognccalkQ AR, PhvEUEHCEI6s, IPKA, Npees) NisiRsAdssax ErBiggify @Sk, HBP,
transporter 3%/jHedin OroriHiRANE@sHAP BarYSAl IneHRioAltMiAUIepsRBREXINFR! ISPAP,
and Shi, or IspAARdSHRaY 1536 %%RBFS'%@A IsRAENY) @h ParRbABY S, QiSRRI
Autolysin, or §Q'l‘%{bm ngABr E% |¥§§P ﬁ%'éeR

Autoiysinglucosaminidase an For each o ese com ﬁ natlons the proteins may be full

e e 'e/af’effgﬁé"'ac‘%?/é BTN (PR BN

below comblh%‘fﬁm'gntﬁgr%'ﬂ'é?ﬁﬁe?ﬁﬁo?éﬁﬁ ) t%r?af Er fasns;Faisatha femdgerfeour
composition GPAHStRgeAtidATHY Y FagRiRs MHEQ{ Pelh' eBiipiad Bpfefve EBRBefElREMD
immunogenidisinpasnieins(chns Eﬁ)éﬂfl@m &Bhautwm&tffe PrteindsEq Bditetivasel@shdin
W002/094868a€nfrolationd o€ tiar ¢ dteiAs Nigage plefbiiféh B sadnBGEn RSEum SSHtH HEP,
the inveggion itiataibnthigedpigteprotsin) paibentgdn a biadiunapiotent alpbaniade, afig, MAP,
extracellular gampeseIiRERiNtBRr otiRsIeierablaaNIsHH) e AR AN G M ERNSPOrRICNINIMBC
(preferably aniiydHaeiRAProIBi (RS AR 33CLBNNA KD albity ARIAA toxin may be chemically
detoxified or genetically 15 detOX|f|ed by introduction of point mutation(s), preferably the
HisasLeu poing mialion. T 2lplieoin s e ol 30 e 9,85 ABIRUNEY rectve
Conju95§§d 9 ré) n Srgccor?sre V\%t I-[I[he con{‘rI )BO %nmg( Ureof Antgens Accordin O%wgmbodlem rr{e
combintions I pA) g Ve
of the mventlon is an immunogenic composition comprising IsaA and a staphylococcal
transporter protein, or IsaA and a staphylococcal regulator of virulence or toxin, or
comprising Sbi and a staphylococcal transporter protein, or Sbi and a staphylococcal
regulator of virulence or toxin, or comprising SdrC and a staphylococcal transporter
35 protein, or SdrC and a staphylococcal regulator of virulence or toxin, or IsaA and Sbi, or
IsaA and SdrC, or IsaA and autolysin, or IsaA and Ebh, or Sbi and SdrC, or Sbi and
Autolysin, or Sbi and Ebh, or SdrC and autolysin, or SdrC and Ebh, or Autolysin-
glucosaminidase and Ebh. For each of these combinations, the proteins may be full length
or fragments, having sequences at least 85%, 90%, 95%, 98% or 100% identical to that of
40 the sequences of figure 1.
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An immunogenic composition comprising alpha toxin, IsdA and an extracellular component
binding proteinygglegigesiiomm the group consisting of laminin receptor, StGiMpasai/e sigding
protein, EbhA, EbbB, Elastin binding protein (EbpS), EFB (FIB), SBI, autolysin, CITA, SdrC,
SdrG, SdrH, Lipase GehD, SasA, FribA, Enbe, Cna, CifB, 25FbpA, Npase, isaAJPisA, SsaA,
EPB, SSP-1, $SkeabaBRyrditrelnectimibineiingsp tbeespe difienh papdeirsimthin @ piieneli, keoprgatad @)
Fig and MAP.tA# immurogesici cconmpei@itio of Cibie prigintioalpisa doxiagrisehB anduaiorexireieduar
component biddigghepipiseelected from the group consisting of laminin receptor, 30
SitC/MntC/saliva binding protein, EbbA, Ebta Elastin binding protein (EbpS), EFB (FIB), S31,
autolysin eClfAb SEa SiRuRAI-BARESRIR: SP3hs BRRANGNRRE GE. idiRicFaRA fgRe,
IsaAlPisA, SS@@QLER(%S%@@E)%§§%(H Eagéijronectin binding protein, fibrinogen binding

protein, coagulase, Fig and MAP. 35 An immunogenic compaosition comprising alpha toxin,
IsdA and an i nsisting of larninin receptor, EbhA, EbhB,
Elastin binding pﬁ@ﬁ%ﬁéﬁéﬁﬁﬁél%gﬁvgsmc ger, SdrH, autoFr)ysin, EnbA, FniaB,
Cria, CifB, FbpA, Npase, 88P4, SSP-2, Vitronectin binding protein, fibrinogen binding protein,
coaguladé. Fid BFRieUesP A Aes RN ERTBRRSTIENC SISO BNFEH X R RIN IR Bredsicaathe nands
an adhesin seleatenpEIAtigec) BefiadensiAmebrreWATCPaRgRN Kpting Proke rafrably an
binding proteiad(ES{iSNE REaNECORe0eIB ZAEEPDYEHROENDNY PBAL{FIB), autolysin, CIfA,
SdrC, SdrG, SdrH, FnbA, FrinS, Cna, CuB, FhpA, Npase, SSP-1, SSP-2, Vitronectin binding
protein, fibrinagesuthindingmpiiietpncanguiasa, fogranthiAE .chanittaiy nixgeniedamn Resikiaally
comprisifg alpbgximdneySkkkcaeticindni PoiRCARIALAR) NHIREEIEBIP e CAIREBLSIN QoGO TDLESHY
alpha toxin, isfifs agigHab ifirf\Ts INBRaLEIR0SHIG CREAP PRGN CAMiNdRReRIPNE texiludatkd aBda
EbhB. 10 An (BMURELERc GOMROSIHOIR GBS AR oA AR EPPS. An

immunogenic composition comprising alpha toxin, IsdA and EFS (FIB), An Immunogenic
composition cQ risi(Pg a(I]Bha toxin i?ddA and SdrG. 15 An Immunogenic composition

. referred com natl%\&lﬁa&u e, . . o .
comprlswﬁg alphatoxin; isdA an . An immunogenic composition comprising alpha
toxin, IsdA and US,. 20 An immunogenic composition comprising alpha toxin, IsdA and FnbA.

An immunogefift dBYRPBRARE cEAMRRIIHENIFRARESRY iStPRe @ agifdsénd 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,

25 FbpA, Npase, [saA/PisA, SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin binding protein,
fibrinogen binding protein, coagulase, Fig and MAP.

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

30  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.

35 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,
SSP-2, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig and MAP.

40 An immunogenic composition comprising alpha toxin, IsdB and an adhesin selected from
the group consisting of laminin receptor, EbhA, EbhB, Elastin binding protein (EbpS), EFB
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An immunogenic composition comprising alpha toxin, IsdA and Fig, 26 An immunogenic

composition cogyhGiemsalpha toxin, IsdA and SdrH, An immunogenic CORaoeiosk/010184
comprising alpha toxin, IsdA and SdrC, 30 An immunogenic composition comprising alpha

toxin, IsdA and MAP. An immunogenic composition comprising IsaA and Shi. An
immunogenic oR)pasilgsing @iy S, SRGaratiidciBhb3s KibBnBna dyihit s PesittoBSP-1,
comprising IsaSRadRbAAN bnagpgesic fompasitionrommising dsgilasadFirsad HAAN
immunogenic composition comprising IsaA and Ebb or fragment thereof as described above.

WO 2006/0324{ %ﬁrﬁ}ﬂg&e%%‘él%géa%%arﬂmmg%mifommm'@mmmnriémtabi and

SdrC. An jmmunogenic composition comprising Sbl and Ebh or fragment thereof as described

above. 5 An immunogenic co iti fthe. I IS} bi or SdrC
Selection of aﬁﬂd’éﬁi&é@&%%s%@ %]8 %ﬁ%%%}ﬁ%gwgel % %Qage%sn ﬂg?r[:a y@%&oﬁhgoorccu:rence of

virulence factors in relation with the population struct fS | h d
Vatiable preschb S aNARERIESUHEL T RATUTEN PR BHE P AT e Ehrmong cimcal

isolates of Staphylococcus aureus, at least five clonal lineages were 15shown to be highly
prevalent{BodthiBNegsnic RIBECRHAMLP BT EINGAIBhaApXiR| s> and EbpS.

An immunogenic composition comprising alpha toxin, IsdA and EFB (FIB).
An immunogenic composition comprising alpha toxin, IsdA and SdrG.
15
An immunogenic composition comprising alpha toxin, IsdA and CIfA.
An immunogenic composition comprising alpha toxin, IsdA and CifB.
20 Animmunogenic composition comprising alpha toxin, IsdA and FnbA.
An immunogenic composition comprising alpha toxin, IsdA and coagulase.
An immunogenic composition comprising alpha toxin, IsdA and Fig.
25
An immunogenic composition comprising alpha toxin, IsdA and SdrH.
An immunogenic composition comprising alpha toxin, IsdA and SdrC.
30 Animmunogenic composition comprising alpha toxin, IsdA and MAP.
An immunogenic composition comprising 1saA and Shi.
An immunogenic composition comprising IsaA and IsdB.
35
An immunogenic composition comprising IsaA and IsdA.

An immunogenic composition comprising IsaA and SdrC.

40  An immunogenic composition comprising IsaA and Ebh or fragment thereof as described
above.
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hemolysin (NM, fibronectin-binding protein A (fnhA) and clumping factor A (c1fA) were shown

to be present iRyHasicafslagisolates, regardless of lineage identity, suggesppg RpbisiRARNt
role of these proteins in the survival of S. aureus (Booth at al,, 2001 Infect Immun.

69(1):345-52). Moreover, according to Peacock et al. 2002 the distributions of 20fnbA, olfA,
coagulase, spamimap\ypvbéRardonpdsitentirenigiskacihingpiigdiamma-toxin), alpha-toxin and
Ica appeared to be unrelated to the underlying clonal structure suggesting considerable

horizontal trangfenirainiiesergesempbsiaontcanbifgrosr danepigeneagteht asflyomneatscribed
binding proteingBo(Mbt3), beta- 25 hemolysin (Mb), coilagen binding protein (cna), TSST-1
(1st) and rgethicillin resistance gene (mecA) are strongly associated with specific lineages

(Boot at at, 2001 Ipfees JBA O3 I34R:6 ) tﬁéqﬁ\@nyo#%ﬁ%r@t@é@% réggeimmun.

70(9):4987-96) showed that the distributions of the enterotoxins, 1st, the exf atins (eta and

etb), beta-and de) t n efb within the
30population as(é@({ﬁéﬁ? g%ﬁﬁgam ygrg# %% Eﬁﬂiﬁ@enve aI com exes. MLST data
provide no evidence that strains responsible for nosocomial dlsease represent a distinct
subpopulition AbisisrafiRe QeearRed Al v WeREa taptare indpieligpvwdihdhaprpwationatadt fuemef
asymptomatic saipigisddeeilsadatuz3BdwkBastiabrl piddaibt)od 30uehos. Gnéy RiaEarh!
immunogenic SBW@HQB?SOEW}%JQVG”“O“ are effective against staphylococci from different
clonal lineages. WO 2006/032472PCT/EP2005/010184 In one embodiment, this is achieved
by including 1, 2, 3, 4, preferably at least 1 protein that is expressed in most isolates of
staphylococci. Emﬂfgmlmcaf isdletep t8iashirichade./alpitasiscah by fivib ) néibimrsees mbimding
protein Aq@h b&}@m 16| Bem a@@sléw\(@ﬁ&em%}%@ UbRBE. SRt mnpggéﬂ%x%zyamﬁﬁme
leukocidin), b| ave alsgtkg@% ified Ir muno ? ’&?
transporter, R ef?o'? urBBeg al 5r fﬁ%c fgg ECeptsrE,
SitC, isar-vpussd@ogptgmfp(r)essgwx nEshs, t%ﬁ‘*iﬁ&dﬁ@%@IQFQQDIB‘GIW@r@ﬁTdeWBQQStMZﬁn
(EFB(FlB) SIBhr@bWarila% , d6tHBsé-prbindpaLe KBRaBSTE 51&31@'(36&515 grateudh lﬁféBtiPise
Lorenz et a I
Microbiology IiE\SEA %4%5‘%%%’? Eg @Q(I%kgﬁ)e%gtgé}ﬁg@ég Pl%hécérg Q?%“%ﬁﬁw as rls o
(Roche et 264 RirGBROYESL 507 ¢uas, &Wé’arg}em\fﬁ@eﬂvgd?t(mm&é&(%ﬁmﬁmn)
autolysin. In aslgtieetositivadcivdapliereat, t2 be omoztproiteths uridietyatecxpiatsetlia slifigsstirg
sets of 15 clonglsifaias gt e erbibietHaigpgRaic composition of the invention.

Preferably the combination of antigens will allow an immune response to be generated that is
effective against multiple clonal strains, most preferably against all clonal stains. Preferred
combinations In¢oRiEaFnbBeYilUWenah ganel/sueh RAiBrenretiDibndnbB cieid SBIBIL betibB and

mecA, FripB amrﬁ@elm <ﬁrzi;l;vPc@rag&cb*ﬁmﬁ@bﬁtamcﬁbpﬁsemﬁ(@n@@%&ﬁﬁ@m@%@@ﬂ@ysin
and Cna, beta-hae n andtTS T-1, bet Qaet n;){))é& d mec Aﬁ ﬁ;[a fr’gg% and
SdrD, beta- ha%rnol@sm 884 r|9n as Hemo 3‘/"§|n q rgag 6( a ff h Cna
and TSST-1, @nmm@%ﬁdﬂﬁ@ﬁa @MI@dvD’@nmmaﬁcﬁ@nm&M\Eﬁpﬂ G(E)al%iﬁ%ib
TSST-L and infghed BT M BUDTEAL o S F S ekamiE RS alpslylapd E

MecA and SdrD, !éleﬁaA and SdrF, MecA and EbpS., 2 %cA and Efb, SdrD and S rF, SdrD
and EbpS, Sda drleemin e gﬂﬂgﬁﬂ?ﬁ(sg& ‘gﬁoaﬁ%’ thf"éb%@%ﬁa‘t%@ W*Wénﬁ'f'@ferred
combinafiéns plesdatidasd el bighlyysigniioan Birreld tiadtto AdiciiToredsomisoakriplestyibed
below.

MLST data provide no evidence that strains responsible for nosocomial disease represent
a distinct subpopulation from strains causing community-acquired disease or strains

recovered from asymptomatic carriers (Feil et al., 2003 J Bacterial. 185(11):3307-16).

35
Preferred immunogenic compositions of the invention are effective against staphylococci
from different clonal lineages.
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30 Selection of antigens expressed during different growth phases Staphylococci go though

an exponential gyt hase during which a particular set of proteins will bpg¥aRsSRY 184
These Include many of the extracellular component binding 35 proteins and transporter

proteins. After a period of exponential growth, the staphylococci revert to a post-exponential
phase during which growth Is slower and protein expression is modulated, Many of the
proteins exprdssae dutbugithenexhiene athiegeavith iptiasiacate 21dyvA,regidadbly whieeshid pthiin
proteins, suchigs engypresanth mest iexinesioelsditgiadoba. teximples expiesspbigirsigiide
levels, 40 Prefgsrachsnayeingeric fNoHRsHIBNSIAY thetkiyeiianMomprigendpiedexpessgd
at higher levelgdytiingsthe £xnapepiiabarvnivRBARR: aBskecRiR)E HigepRIRTREG A iah et de vels
during the pos{a%%ﬂﬁﬁhﬁ&bﬁ%%&é&ﬁ?ﬁﬂpﬁ%%zgﬁw&&@Oa'i{t%ﬂ;@ ﬁ\@bﬁr 818001,
refers to the '%V%f%fc%geﬁ%g%%%gmm{ Bc@%r@. %ﬁ% ”?s%%%é('sé’i?dﬂi {P%QQAerEbps

hase. |
phase. In a prg %frzﬂo%w C% i (.,q]gm@ ﬁ)sgé?ﬂ‘s o?fﬁ‘?efta

alpha toxin a

IfB) or a tr rier 9Xin or
zca:nd )aopr telarllr}a O ég% rou (Jé’(hstC of# cro '° 10%;
binding protelﬁsﬁ&%tﬁﬁ 8 @)5 I‘;f—% ?é?!%gﬁu i%
SdrH, SasA, FfBhaureoy FFBW—%W §8B\ BN ”‘é’& PE: SSp-1, SSP -2, HBP,
Vitronectin blndlng protein, fibrinogen blndlng protein, coagulase F|g and MAP,
immunodomir B /aermplve saTReRimanh A9 BarGZ o ieiah SR esHE P B difarepoesy of
Aap and!8saiklong! |aitgiasceiinyinkiden drdtscimadnapenie, sprerapent kit eriayeptoge Redeshor
chemically detoxitiethzinatiescebeuttigboy eviindlinvapbdromoon;iegietsorieopjugenetpted that is
polysaccharideffestisie sgamstinvstiple. &ih & clysiascimastasi@lablirapaimd g slored sipiositiyatenéd
the invention poefeiraitiynfuiriblede GniyB iaadcbetsbitamolysin, FnbB and Cna, FnbB and TSST-1, FnbB
and mecA, FnbB and SdrD, FnbB and SdrF, FnbB and EbpS, FnbB and Efb, beta-
20  haemolysin and Cna, beta-haemolysin and TSST-1, beta-haemolysin and mecA, beta-
haemolysin and SdrD, beta-haemolysin and SdrF, beta-haemolysin and EbpS, beta-
haemolysin and Efb, Cna 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,
25 MecA and Efb, SdrD and SdrF, SdrD and EbpS, SdeD and Efb, SdrF and EbpS, SdrF
and Efb, and, EbpS and Efb.

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

30
Selection of antigens expressed during different growth phases

Staphylococci go though an exponential growth phase during which a particular set of
proteins will be expressed. These include many of the extracellular component binding
35 proteins and transporter proteins. After a period of exponential growth, the staphylococci
revert to a post-exponential phase during which growth is slower and protein expression is
modulated. Many of the proteins expressed during the exponential growth phase are
down regulated whereas other proteins, such as enzymes and most toxins, including
alpha toxin, are expressed at higher levels.
40
Preferred immunogenic compositions of the invention comprise a protein expressed at
higher levels during the exponential growth phase and a protein expressed at higher
levels during the post-exponential phase.
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polysaccharides including one or more of PIA (also known as PNAG) and/or S. aureus Type V
and/or type VIlkgapsidlas.pplysaccharide and/or S. epidennidis Type |, and/grghexegooasyd/or
Type Il capsular polysaccharide. PIA (PNAG) It is now clear that the various forms of
staphylococcal surface polysaccharides identified 30 as PS/A, PR and SPA are the same
chemical entity - PNAG (Maira-Litran et al Vaccine 22; 872-679 (2004)). Therefore the term
PIA or PNAG ‘engiempasseseadtshesecpelgsaf ehpidessrobetig dtgreatiarisesptiesy éddsomatizem.
PIA is a polysaaghasiggdnigisgdlular adhesin and is composed of a polymer of [3-(I --->6)- 35
linked glucosamine substituted with N-acetyl and 0-succinyl constituents. This polysaccharide

is presenkin Dt apUkeHs, AR &Nl -G IHAH SEhRESAKISHH OB FENRLaRGIC R EAPIE_SL
al 2003, Carb%géﬁ%% R A DByl e MpRent Ry %@&%%%%WM% A

For example, m@y e |soorE rom S. aureus strain MN8m (WO 04143407). 40 WO
2006/032472P )2 o5/0161 4 PR S8tated from S. epiderrnidis is a integral constituent of
biofilrn. 1t is responsible for mediating cell-cell adhesion and probably also functions toﬁf

hiel

the growing cHIBiRATERTARY KOS RHRAYAPRAIBYRE TChARER R ASTAREHIEN) R SWﬁg
as poly-fRsudeamytte-graus repsistas Hfiramip Sesphids Riltd RN PIBERY PAQIE hFlastin
expected strublidiagiprotetnh dEbePrifrRiGriR; RBLetksitoR e SHico FaEE (Rlilia-Srrdn ik,
2002, Infect. InmaB, TOfR4BBYAT épaserdshtyRisfyisSeeharkRBiofRBHY kBSRA. ab BN Sramettin
now found to biadityAfEotsia)Sibdmgem bastey yttie eraguPise, IDPHAd dMAMN AGHunagidoenait
different sizesag yragsfiomeroisird RaBDAdeHaeiMepe nef Ssaad MO adaspetec @ap éharssa/ak0a
to oligosggcharides composed of up to 30 repeat units (of p-(1 ->6)-linked glucosamine
substituted wih fNsaG&HiRRb L HEEHBALAINEU S SIpARXoRAER) R RRIEReAPIABShically

oligosacchari TN | it} o i :
s TS B B Vi SR SRR
u

instance by microfiui |seat|on, ultrasonic irradiation or by chemical cleavage (WO 03/53462,
EP497524, ER497525).,  Preferred size ranges of PIA (PNAG) are 40-400kDa, 40-300k0a,
50-350k8%, 6 -Qi)bﬁ?ﬁé, BBrYES50K0a and 60-200kDa HA (PNAG) can have different degree
of acetylation due to substitution on the amino groups by acetate. RA produced in vitro is
almost fully sUbstittnadnsgensinegresiien® s Hondeyenlietalrspply isheetgpMetse FIrviaG)
can be used Imabiseriesidaanéeng one or more of PIA (also known as PNAG) and/or S. aureus
Type V and/or type VIl capsular polysaccharide and/or S. epidermidis Type |, and/or

25  Type Il and/or Type lil capsular polysaccharide.

PIA (PNAG)

It is now clear that the various forms of staphylococcal surface polysaccharides identified

30 as PS/A, PIA and SAA are the same chemical entity — PNAG (Maira-Litran et al Vaccine
22; 872-879 (2004)). Therefore the term PIA or PNAG encompasses all these
polysaccharides or oligosaccharides derived from them.

PIA is a polysaccharide intercellular adhesin and is composed of a polymer of B-(1 —6)-
35 linked glucosamine substituted with N-acetyl and O-succinyl constituents. This
polysaccharide is present in both S.aureus and S. epidermidis and can be isolated from
either source (Joyce et al 2003, Carbohydrate Research 338; 903; Maira-Litran et al 2002,
Infect. Imun. 70; 4433). For example, PNAG may be isolated from S. aureus strain MN8m
(WO 04/43407).
40
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25 preferably less than 50%, 40%, 30%, 20%, 10% acetylation. Use of a cleacetylated PR
(PNAG) is prefefeeshiinssaon-acetylated epitopes of PNAG are efficient abpygghiahing, RRspnic
killing of Gram positive bacteria, preferably S. aureus and/or S. epiderrradis. Most preferably,
the PIA (PNAG) has a size between 40kDa and 300kDa and is deacetyiated so that less than
60%, 50%), 40PHA 38seted 2090 Sf apiiecrtivGLip cntegee tybatditle30 dihtedinm It Gacestydatide for
PNAG (dPNA@pdefiig tellecBiNARepiolyaac pheine arseligaseeharitein wipbviegsdbiany 6,
50%, 40%, 30fs REE kP Ridbenhaenino agroups are acetylated. 35In an embodiment,
PNAG is a deacoylated to form dPNAG by chemically treating the native polysaccharide. For

example, e Rafive PAAGISIECAEANLH BBARISS RFJsﬁld&H;)itEl m%@gﬁ%ﬁﬁm
1

F d 0

NZBEStaQSi@@@% %é'flvgi%ﬂat%ét% "%V% ?egx ‘%B%%ﬁ% e ;orétg
20 h t

orepared s el ?A'é45%°“ﬂ'/\/d§o° Fvew/} 865 By Bton Q% s also

polyeaccharidBEy RARRPH sdSHhMogenic composition of the invention are preferably
conjugaté® to a carrier protein as described below or alternatively unconiugated. 5 Type 5 and
Type $ polysakthéeidddAnmayahraisifirsntsianssvendadienLuearitakBe tafbetivremhand
contain either 40 &tobTyed bhyshétkiamitesighpprchantResp@Posast biuman reipsabrmits
Type 8 and afipf @x{mate)yiideh givedsppent. siibetisited twibshNohdatpleabdtisliypieyB captituarts).
polysaccharidg@ngigens: apelpdiescohaddiin & aRpdetnd(car oy dratesRas, 20InalhddSan)
and Fourger ebabbyiehBitHenindentdh,(h8RE)ePoIRa e TaICAADR I8 Hiekrepesiigiiaayuall
as ManNACA &@Hk@beﬁ%%%’ﬁ@t%d”&%ﬁ arHERY Ay i RHBe HieratdalitiRa R iRREHEd
as Type 5 16 ladlidh D MANAGA 30AGk &wo%;s%w@f@p Of8p8-BrizbpbiRs-(1 Type 8
20--43)-B-D-ManNACcA 4 c)-(1 --43)-e-L- ucNAc(l ---*3)-13-D-FtioNAo-(1 Recently (Jones
Carbohydrate Rescalt) 2 10n a0 o OGBS eNM408E8%FD?&%%B%d&,"é%?éjs&&éfLé%t.%oeoiﬁ)%,

20 50-250kDa and 60-200kDa.

PIA (PNAG) can have different degree of acetylation due to substitution on the amino
groups by acetate. PIA produced in vitro is almost fully substituted on amino groups (95-
100%). Altematively, a deacetylated PIA (PNAG) can be used having less than 60%,
25 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 killing of Gram positive bacteria, preferably S. aureus and/or S. epidermidis. Most
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.
30
The term deacetylated PNAG (dPNAG) refers to a PNAG polysaccharide or
oligosaccharide in which less than 60%, 50%, 40%, 30%, 20% or 10% of the amino
agroups are acetylated.

35 In an embodiment, PNAG is a deaceylated to form dPNAG by chemically treating the
native polysaccharide. For example, the native PNAG is treated with a basic solution such
that the pH rises to above 10. For instance the PNAG is treated with 0.1-56M, 0.2-4M, 0.3-
3M, 0.5-2M, 0.75-1.5M or 1M NaOH , KOH or NH40H. Treatment is for at least 10 or 30
minutes, or 1, 2, 3, 4, 5, 10, 15 or 20 hours at a temperature of 20-100, 25-80, 30-60 or

40  30-50 or 35-45 °C. dPNAG may be prepared as described in WO 04/43405.
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25 Type 5 4)-B-D-ManNACcA-(1 -+4)-a-L-FucNAc,(30Ac)-(1 --43)-9-D-FueNAc,-(I Type 8 30
----3)-b-D-ManNASLA#4ya){ 1 ---3)-or.-L-FUCNAC(1 --43)-a-D-FucNAc(1 --> ~Pedysacsnbaiides
may be extracted from the appropriate strain of S. aureus using method well known to the
skilled man, for instance as described in US8294177. For example, 35 ATCC 12902 is a Type
5 S. aureus stfém aﬂﬂsﬂmﬁﬁbﬁ‘?@ﬁeﬂytﬁ‘et%l&’“fk@@ﬂ@'ﬁr‘élﬁ"’%t%@&Hﬁ?ld@éeﬁ?‘@’b?"e
native size or plégsrmtivebomaytbe sized, foannstapeady raicradsidisatioelokrasonidternatively
irradiation or by, igaltreatment. The invention also covers oligosaccharides derived from
the type 5 and 8 polysaccharides from S. aureus. 40 WO 2006/032472PCUEP20051010184
The type 5 and 8 polysaccharldes included in the |mmunogen|c composition of the Invention
are prefe@blylzopjhigatetite 8 palisacenaridas shauread below or are alternatively
unconjugated. 5The i |mmunogen|c composmons of the invention alternatively contains either
type 5 or typenfopplirassharslewsuaielisasse ansigien kOm=aancembadimentTiipe 5 or Type 8
immunogenic p‘&yae&siaﬁ&efmiawgiap SOMBfiv@fIARIRLRUBBSE anRdapprereaeitpddn,
US6294177. The B3R 3NHG8LFOOMRESSF PriRKSdREXSaming<CRIBONR AQAGE MR Sre
and speg 'Ca'%Qéﬂgéo‘%atﬁHFé%@? Py %H?&iétl%% Aeposiiesh Qﬁé”FA\T 98 %? Pfh 48

an embo imep the rL 1} ?P ay/se}_cu i lry\{nelrr's of nat ve SIZ

may be sized, r1I1or mstah F cro?w a uI r% {ﬁ i% tlon or b QFE? ical t ea¥vment.
The invention A6 BT CoMBLLER A A LA % S S TR 5P é‘%ﬁ,e antigen,
where included in the immunogenic composition of the invention is preferably conjugated to a

carrier protein T ¥B&fescribed below or are alternatively unconjugated.
15

—4)-B-D-ManNACA(30Ac)-(1 —4)-a-L-FucNAc(1 —3)-p-D-FucNAc-(1 —
Type 8
20 —3)-B-D-ManNAcA(4OAc)-(1 —3)-a-L-FucNAc(1 —3)-B-D-FucNAc-(1 —

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

256 Typeb
—4)-B-D-ManNAcA-(1 —4)-a-L-FucNAc(30Ac)-(1 —3)-B-D-FucNAc-(1 —

Type 8
30
—3)-B-D-ManNAcA(40Ac)-(1 —3)-a-L-FucNAc(1 —3)-a-D-FucNAc(1 —

Polysaccharides may be extracted from the appropriate strain of S. aureus using method
well known to the skilled man, for instance as described in US6294177. For example,
35 ATCC 12902 is a Type 5 S. aureus strain and ATCC 12605 is a Type 8 S. aureus strain.

Polysaccharides are of native size or alternatively may be sized, for instance by
microfluidisation, uitrasonic irradiation or by chemical freatment. The invention also covers
oligosaccharides derived from the type 5 and 8 polysaccharides from S. aureus.

40
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25Type |, Il and Il polysaccharides from S. spider id/ Strains ATCC-31432, SE-360 and
SE-10 of S. epigigrniglisare characteristic of three different capsular typesplspashilh 10184
respectively (Ichiman and Yoshida 1981, J. Apt Bacterial, 51; 229). Capsular polysaccharides
extracted from each serotype of S. 30 epidermidis constitute Type I, Il and Il polysaccharides,
Polysaccharidés ey e axdrdctgulybycshavidbsn attiodisdinicl viokn grihenogethiodcdegositied iof the
U84197290 oihaentierscirbegritciehimn aorfligitd 934, 4. &pidr Backeniohs7deskribed bktoaner are
embodiment gfigagatvegniiionitigatsanunogenic composition comprises type | 35and/or Il
and/or 11l polysaccharides or oligosaccharides from S. epiderrnidis, Polysaccharides are of
native sizg Ofﬁl&%mﬁ\wsaémom%&ﬁsﬂs foriastaBRERmicRileidisHians YRS QYE 5 or type
irradiation or g %Wé%%ﬁ!aﬁ%@ge' he invention also covers oligosaccharides extracted from S.
epidermidis strains. 40 These polysaccharides are unconjugated or are preferably conjugated
as described gelow. V@ 20g61032472PCTIEP20051010184 Conjuqajpjjpf rolvsaccharides
Amongst the d with the use of polysaccharide,s in vaccination, is the fact
that polysaccharides per se are poor immunogens. Strategies, which have been designed to
overconi® thidN¥k BFPRAIEBYSARIITIMYERIEE T EARRISHBF PletpoRSRRArcRIR RS dhe S.
protein carriefs!reusiSRGroliage BostHbebinTUBBH4AID - It is preferred that the polysaccharides
utilised in the invention are linked to a protein carrier which provide bystander T -cell help.
Examples of Jeh3sarriaitgerhickomaysbe fdried)ugatedrinpolysaerisandelrmatyhayeumss and
include the Dipahigrimaniads etaaniisdoneitsI Rilidod 156 338 assbiiedaspiecthidy) s8&yhole
Limpet Hgemocyanin (KLH), and the purified protein derivative of Tuberculin (PPD),
Pseudornonas,egrugiinsa AP aisinh GRRAN RroleiRiRiemiremapidiysinfuarzase or
mﬁg%}l %st&feﬂ?%o%t?f?%ggrngéwgﬁéﬂﬁl&@i‘i@qf%t‘&’o%'ﬁ\%@iéﬁ%ﬂ“&?%ﬁ
r n

no
cncompecsing L QR0 GpRE I [ o Rt Bk el o

epito t
N-terminal 1/ oefnt]he pro?gm?'%'rotem IS an Ig%-blndlng pr teln#rom Haemophi/us ﬁ%e?r’?zeae
(EP 0594 615@3‘?’}:\nd is a potential immunogen. In addition, staphylococcal proteins may be
used as?rrier protein in the polysaccharide 20 conjugates of the invention. The o
staphylococcahBrafSiratearinaare disiderhy ol e dENLBSEHR CARREBRTIOR o8 e B4 irRn
receptor, SitayisrebalrrnBriRtg ircteRfMEshAOBhBS EIR8EHBThRRg W rete FIRERIPS)2 el
(FIB), SBI, Citae@iwgat8iirG, SdrH, Lipase GehD, SasA FnbA, FnbB, Cna, CUB, FbpA,
Npase, SsaA, EPB, SSP-1, SSP2, HBP, Vitronectin binding protein, fibrinogen binding
protein, swaguiase), KigadABogSatismatinademisrbAB@igansporter, IsdA, 1sdB, Mg2+
transporter, Site, Ni ABC transporter alpha toxin (Ha), alpha toxin H35R mutant, RNA llI
activating protgig(RARS OB RPN eRIadheIR dkNeveFaTighRERASIaR WosHsbRABIHE WhRsl
adva”tageouas%%éé%?q %%ﬁm&ﬁa%pb%t of g §gﬂﬁ%¥b%ﬂ9%g' NASGAIEE khataebuasaesal alPhgo!

City. F 0

toxoid. The nafive '?é ?%@@Cﬁome&r%%o% e of S.

conjugation re&ﬁceégt )XICIty. gfgﬁyfﬁ%re 55?@ |€g€f§/§%% %% eyghalgo in_such.as ﬁle
His35Le or ﬁ%@ﬂ‘ﬁ%&vﬁ? fig, Wgei_ali @3_#% S BicE feSdta ',tﬁ)x?c)(_ts accéﬁ\r/{/ Gs may be
Alternatively #id"agfth xﬁ?@%h@ﬁﬂl%%@&ﬂﬂlﬁﬂad@y@@@ﬁﬂeﬂ?%ﬂ eq GF{)@ ﬂﬁ?r?gq?egbﬁt,
formaldehydedesaivgr tataiiapyabald Yhicany Batsifbd Lipr toxin is optionally chemically

detoxified,
In one embodiment of the invention, the immunogenic compaosition comprises type |
35 and/or Il and/or |ll polysaccharides or oligosaccharides from S. epidermidis.

Polysaccharides are of native size or alternatively may be sized, for instance by
microfluidisation, ultrasonic irradiation or chemical cleavage. The invention also covers
oligosaccharides extracted from S. epidermidis strains.

40
These polysaccharides are unconjugated or are preferably conjugated as described
below.
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WO 2006/932472PCT1E,P20051010184 preferably by treatment with a cross-linking reagent,
formaldehyde gy gisjaygideRyde to further reduce toxicity. The polysacchariglesgpaydas Jinked
to the carder 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). In CDAP, the
cyanylating regggintjaticy anpetlisaethxtaizgnopyridinium tetrafluoroborate 10 (CDAP) is
preferably used for the synthesis of polysaccharide-protein conjugates. The cyanilation -
reaction can benperdetthe chrabébens elsdociierhildtic thred ittens!, payshcavaidsshipdvebsistointhe the

alkaline sgnsitiyg %Y%%Qé&i{é?ﬁe{'ﬁéﬁyé‘%sb%@ﬂ'_%M?Eﬁ&oﬁpé\@g%é CREEETHBURISELN
15The polysaccharlga ?ﬁsolublllzed |rhwa er or a saline solution. CDAP.Is dissolved in
I

acetonitrile antP3dd m%’&fgf’éﬂf totie 8@58%cwgﬁm%h. BHude pRB rg%{(é?g vvﬁh {F\%
hydroxyl groupsiysfagragiislystecdarged erateloreaiessanaitice sespvidétehysienaerivatisi dielp; thels
;:arrier p_VOteind@@ﬂ@ﬂidhé’?ﬁﬂé%@Wé&ﬂhéﬁdﬁﬁi_i]ﬁlié%aqhM&iﬁ?@rﬁ@ﬂ%&emﬁg&/ﬁ?ﬁ?}a{md@rr:ier
orm an isoureg.cov in coupling reaction r X ine |

added to queE@H?ﬁe§§J%eac%l¥\%%§ée?;ﬁcﬁ§§gﬂg%lgu ps't?lfglahmes1 8?02’30_ qgﬁh%%%%és%ﬁ%ﬁr&g h‘gg
gel permhtioRRBIER 1P repiSaeTiAfds B EraRt it dhe RiBtRla e httanus toxoids
Conjugation_ prIérb‘Iw'rnM@lX/em@rw uresmpalduﬁ)ctmem _tjetpeeeﬁaﬁrreocaariifr_ (KDkSnaRBathe
polysaccharidgy, Al Pl 3ssRARE (BHeES AP IS BBY PG IEHUHA BaNOR I8 edbGRtkin A

between the catrier. protein and the ﬁ%)Iéﬁaccharide. Protection agajnst

] ( emus and a
epidor s SO A BRI DB PR 4R 467 P TR G G AT 1 e
provides an effbetie firagpetsssyjjabledegaindochure fthgmeante enramnsssipAyetscsipitopes.

preferabiy; againshSicaisohash o hagrd Hew drsteParpisiananidite WaeerirRierabbr, the protein.

protective imrwg{gi r%ﬁ)s? Qr‘? ? E—%?nn |nr ater%tgﬂq‘jrgsrﬁ W ee % 6}1%385 u%%y%)eegfefﬂs 55%’ éel USBN grﬁ%
preferably, a protective immdne respgrPse IS genera &d' galnsf multiple sfrains of S.
35epidermidids R PRRIEAIEREMIRPains of at least two of serotypes I, Il and 11l of S.

epiderrnidis. ' WO 20061932472PCTIEP2005/610184 One use of the immunogenic
composition of tagyEniiapy Y ‘té]Réﬂ?é})'Bié‘ G CHONSRY BIoEHiaHRA LI I BosRIA
treatment. Atotlﬂiggsc{fggﬁ', %%%Ehgé%gégtos&curate g predict whic stagﬁj Iococca?%ﬁtra\yins? the

8

patient vl be%e%} & e dnvratien rehs Alanitdgersse! Brateies dee RIVPRY pratsed as
capable of genaratingratniffiecteainpiau feEniesparsetar Bit€{MaiGisaigir dingiod giegdéivloEbesi.

An effective inageSSPONRGIS AediBRdE6:Y), iErBUReiesrmneshakialyesirtlgiliraNt 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,

25 Immunodominant ABC transporter, IsdA, IsdB, Mg2+ transporter, SitC, Ni ABC transporter

alpha toxin (Hla), alpha toxin H35R mutant, RNA Il activating protein (RAP), or

fragments thereof.

A new carrier protein that would be particularly advantageous to use in the context of a
30 staphylococcal vaccine is staphylococcal alpha toxoid. The native form may be
conjugated to a polysaccharide since the 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
35 glutaraldehyde. A genetically detoxified alpha toxin is optionally chemically detoxified,
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protection in a mouse challenge model or opsonophagocytosis assay as described in the 10

examples. SignigapisRaiestion in a mouse challenge model, for instance W&t pfB¥amIpis, S
is defined as an increase In the LO50 in comparison with carrier inoculated mice of at least

10%, 20%, 50%, 100% or 200%. Significant protection in a cotton rat challenge model, for
instance that Bfesswfip|dB lieateriadth arwseridigifrage thdaimelsstrdedr shdae/Ashyecobat
least 10%, 20ffri? Yedd€4oRicRW%. The presence of 15 opsonising antibodies is known to
correlate with protection, therefore significant protection is indicated by a decrease In the
bacterial count,of at least 10%,. 20%, 50%., 7Q% Qi 90% In an hagao [ r
instance thatnétp %fé’#%%?é@? qgé\?e%?yog ﬁw(émﬁ)?gté?r?é e 5“ |Hgﬁ?ﬁ%ﬁtjgfo%c?o?nﬁ%r%ﬁ%%gmﬁ@
transporter, RIAMRachyAdifitadototiaient 4miiRdte fyplororsikel,. |5y Briantdedid, 757, and
EbnA/EbhB, BbpSngsdeAap, avesweheangessed niweesfSably,e0b AR cthjegitenntaimisty is

example 8 Sh@&ﬁé@%hf?@é%\ﬁgﬁs/b%ﬁs)?dre’ HarA, FnbpA and Shi can generate a

cross-reactive Immune response (fro example crossreactive between at least one S. aureus
and at least one S. epideanidis strain). PIA is also well conserved between S. aureus and S.
epidermidis ahd Ehabile 25aof/iatihecirepgectobsyanasinethitaminneyrdipemnséeteiicpstbrcata a
priferredfoehm Q@bdimns Herdrapny PQ&ﬁ 'lftifb; %rr:gp@m@m@ &f 56@49&@@@&%:&2 maﬁjag?twg y three
or four of the above proteins, prefer urther comprisin otide.
vaccines  In & fUr I[eg)rn arseﬁ'é%c1 "the 'b?%%yep rﬁrtlt%%%%héx r@gﬁa?eg%ﬁmtﬁ%?gﬁ (t%g) %%%gﬂegﬁ%fgg
of Figure 2 in ibérefesisrab e sHeBatRandivgi aghearsarsen s easisiabanh cserroupling
polynucleotides s3&dn@ddgmtsmlated polynucleotides comprising a nucleotide sequence
encoding a polypeptide WO 2006/032472PCT/EP2005/010184 which has at least 70%
identity, preferably at least 80% identity, more preferably at |least 90% identity, yet more
preferabl§ at IEAPOYERRIBARS, 'ﬁ)ﬁﬂ'@@f?ﬁﬂd%&ﬁ%&&ﬁ@hﬁ@"&? ERjeHa, é@g RHg éﬁﬁf’é"?&ﬁ’th
of the sequenassttmithiis andartied diyme piathis tovHielpbiasecatdads sOPdend ehitinCaFHiefits with
preferred, whilgy %@xwiﬁ}&lp@%ﬁftl%sp%?yos@i‘éﬁéﬁﬁﬁ WBAINRE Hisdrenseia reskanedHRERNEH
at least 99% identity are most highl pre dec{égd Elrjnritnhoer po%le@uot%lqastf'deesr ethgtt ‘flmﬁ %i‘l‘it%tiﬁvtqg y
present inventio'incrude 150l é)oe\ﬁ(/ﬂyn%c eotides comprising a nacleotide sequence fat has
at least 70% iglyRrgchaaderiblipmn |aade09s idevaiant ditre prédethpFANERsTRBPHchiRyge

yet more@refeiabiy @ lgasint0RMeidandiy, 16 auenclealidduseguRataieinaoiing ypgiein Dfe
the invention Qver the_eptire [ ion. In thi Heiegtideswhigh s atleast
97% identity zi))rkéiulgﬂ?/ g\r%e.eé:r% %ﬁﬁgﬁﬂoéegt\%&%? eggﬁggggg}o identity are more highly
preferred, and®iPEEEARG A £2394Sdentity are most highly preferred, 160ther
porynucleotides include isolated polynucieotides comprising a nucleotide sequence which has

at least 70% idgpinadRreTeraRiAl IGRAShBR%HSRRILY . I PIRIaERPbE AldBRTHE QYrrige PiEksin
yet more preferably at least 95% identity, to the sequences of figure % In ﬂ%s r@%ﬂ\ﬁ av be
polynuckdbtid B8 ARKSASKP TG 420 o"fd@nﬁ'fﬁ%ﬁ?e %myﬁﬁreﬁ%‘P@d,Wﬂfé Ghose with'at
least 98-99% itentitsedieeiween tiglahrintieriein anddhthpeusadthaideast 99%

Protection against S.aureus and S. epidermidis

30 In a preferred embodiment of the invention the immunogenic composition provides an
effective immune response against more than one strain of staphylococci, preferably
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
preferably, a protective immune response is generated against multiple strains of S.

35 epidermidis, for instance from strains of at least two of serotypes 1, Il and lll of S.
epidermidis.
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90 Identity are most highly preferred. Said polynucleotide can be inserted in a suitable

plasmid or recogbigagissaierorganism vector and used for immunisation ( SRerfRbB¥3PIS:
Wolff et, al., Science 247:1465-1468 (1990); Corr et. al, J. Exp, Med. 184:1555-1560 (1996);

Doe et. al., Pmc. Natl. Mad. Sci, 93:8578-8583 (1996)). 25The present invention also provides
a nucleic acid encoding the aforementioned proteins of the present invention and their use in
medicine, In e0pkefeseedf ethh ddmuanp esddatedhpaliyinn obé dtid es\entiondin gdopieganty entiocomialy

bgliixgle-Stf?rr]h?f‘c%ﬁQg' %&h%ﬂﬁé?ﬁ%ﬁiﬁ%&%&“ﬁé&t{ﬁ&ﬂ?ﬂt AR ,heslaweu(%rmupatelty
c or synthetic) or olecules. Additional coding or ngn-coding sequences u

need not, be Bfggﬁéht“ﬁ nsgégbgg‘f)?ﬁﬁiule%w o e @emﬁ%n%nﬁf&sﬁg é{t?ie?tréﬁgl@%e?ore
embodiméntsathaniraeeyst fieviesolateraiitles yigina cledtiise Ganabletsoh Aanryalingsahsifpctive

identity to theisraluRNeesdiiss apesEheipdd RN @tiBRpeceeprising at least 70%
sequence identity, preferably at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% or
higher, sequence identity compared to a polynucleotide sequence of this invention usin% the

methods deschbatiestifeiBmU(e. geseNRe s Aeinrsi<2s IR Jatgaier parspnBRlrelvanh Sarulisaat
embodiment, phetastidatedapobusectbaleie® hibdel nrepionopiih goeylpsiseassay ele ddsigilsed) irethee

encodingg 41 gRMBEP o abieaa! A0 Rusle hnsGe Anshabaue.idenily wdnes
amino acid se uen?e of Fi Uﬁg h over the entire I%T?gérh fa se%ence of Iﬂgure l:0ora lafed
nucleotide SeARATRE o EIREHERyA BETEPRO IR bolh N IEOTBE PR SR, hgHiate

contemplatesrfite \cabigasty hfbleditibe SWhidhite ato?Aplentdoniicatd piPtertiehive detienilsad
polynucleotidegalleAgdensio ok Hstaee e D f@ikineplése, ¢ adfinementodapabiiictotingaaf

the invention vxéhich ?\ﬁhg& ergq):ﬁliiﬁ%egrgfdattolgag l1j&,2t %%thgofj% ; %nmu%.e%igepw%%réke: as

a 10polynucleatide o Fe 1. The invention also’brovides fot the use of a polynuic :
encodind®n IPRANHFHE GRERIARMITIIAT I RotEstRtsr wilg ivetectenm Sieiipiors sienificaRbey ofeclion
contemplatedisiteditweadseyef seledsadmiaatsatiatdiavara & velefsin 0 Nn2eenso4ctial of 20%

least about 5W&n%ﬁggﬁ%%6&%%%%5}/.@?@1@@90@&@ ergjé g/ﬁt least about 90% of the

level of immunogenic activity of"a polypeptide sequence encoded by a polynucleotide
sequence set forth in Figure 2, Polypeptide fragments for use according to the invention
preferably co®prisal af ItresplBeaibeundydity I5rROc2sNBaNb ABOD temstiguet Rathihd adidajny

more, inﬁwdirﬁg&élﬂntegmﬁﬂi%é%%h%u@t FSRRIFRAP I LORMPASHINE SEbY thheigin afiClaRS
e e o ARSHe RN IMA SO LS8 DS MR ERR D5E 8RS elogh, o,
IsdB, SdrG, HarA, FnbpA and Sbi can generate a cross-reactive immune response (fro
example crossreactive between at least one S. aureus and at least one S. epidermidis
sfrain). PIA is also well conserved between S. aureus and S. epidermidis and is capable
25 of inducing a cross-protective immune response.

Therefore in a preferred embodiment, the immunogenic composition of the invention will
comprise two, three or four of the above proteins, preferably further comprising PIA
(PNAG).

30
Polynucleotide vaccines

in a further aspect, the present invention relates to the use of the polynucleotides of Figure 2
in the treatment, prevention or diagnosis of staphylococcal infection. Such polynucleotides
35 include isolated polynucleotides comprising a nucleotide sequence encoding a polypeptide
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25 screening techniques, from a cDNA library derived from mRNA in cells of human

preneoplasic oktgRkhiksye (lung for example), (for example Sambrook i aleMplesidlan
Cloning; A Laboratory Manual, 2"d Ed,, Cold Spring harbor Laboratory Press, Cold Spring

harbor, N.Y. (1989)). Polynucleotides of the invention can also be obtained from natural

sources such B barethiaBNRiiskeiibs eretaablycat pam S8bdaeidiig Ve HEABRR 4 Rbleast
3000mmerCIabﬂ%\Jaémb!@;tenlnatqweidwetaéesses%aimmwmamiiabéemelq\mib«nbwn to
those skilled i rt I FRABP e
based on the E@tﬁ el oR?e P g;, Af“r%p% c%‘tt?écriw é}A%i\I&{c §sm ﬁ'&g&}& s%igp%grgeafam Iei%&g%

Frohman et al eaﬁ\?&% B@ﬂ&ﬁ@é"@%@@f@@%‘j fﬂ‘ﬂiét)thﬁ??d@it(n ?ﬁ!ﬁ?ﬁ o BPRTY AR e,
exemplifiéd byitidy prafathdrand tbotmetbept Kk BE36 braiborseoniest highly fuefexadiple, have
significantly 42 simplified the search for longer cDNAs. In the fvlarathoring technology,

cDNAs have are fro act d from n tls u adaptor’
sequence nga?@éf%) ?ff F\%]Srn T@lc%g a Slpir%s%on Bﬁ & %r{sgiar?rlled out to
amplify the mmngclsow BIRESD m%a@da W%ﬁ@ﬁ@ﬁ@éﬁé%ﬁ@éﬂée&m SRipRlY
specific Oligomq&eti@@mﬂmﬁty rhbe BlefRredaciiasdis tuonideptinlgetusing prefstanly i reass,

that is, py 5ner§5d,e§&%§§ﬁ i&‘éﬁgfg@%oﬂéﬁc%@ﬁ’éﬁb‘? B n%%ﬁﬁ Wﬂ@ﬂ%rﬂl&@&?&mé@ﬂfﬁ@f'c

primer that anneals I seguence a gene speC| IC_primer that anneals

further 5' in theoaﬁemse@rfe @@deeﬁréeydwﬁé%tﬂ’aéegWH?y?@é!ﬁ?aﬁgga(h'ﬂi?an%%’%ﬂaw%ed by
DNA sequencinefeared, avfilt laoggiwitd feasi98tA9etadesiith erdoydoirtiigh yheel@rpdodut those nih

to the existing,¢RNAIY/SYE G %mﬁéﬁﬁﬁ'@fr@féﬁe‘ar carrying out a separate full-length PCR

using the new sequence information for the design of the 5' primer. ~ Vectors comprising
such DNA, hosts transformed thereby and the truncated or hybrid 15proteins themselves,

expresséé as @éscﬂblewhlepéﬂﬁ;émw@iS@ﬁﬁq)mWO@QHétfﬁmiWGQ%ﬁ%@?ﬁ
may also be W@ﬁﬂ&%iamkﬁvmiﬁm@aﬂimasw Ras? 807Y SdenhtrackesiuIpreldrebgesecabt

Int t b t to the | lati
and i wvo InELIORA A TSGR o e B e T af Bl

induction of m*fHﬁJ’ﬁ@afédinYi&@?Oi'ﬂ%ﬁé‘f@F@ have&ieRp i nBdeRmTibneee Bigh RerEstrfeWhittoding
immunogenic thodgnaipi stesaio 08198 B tdaittingréonidre gbiyertioven timd tiesentithchidecti 0980

suitable e malap I%?Qﬁﬁdé‘?wr‘gfﬂf E%Férﬁé&'%ﬁmmeeﬁée YRS AARANE YiabReRRshid

systems n one 25 illustrative embodiment, retrwiruses provide a convenjent and e
platform for g@ﬁ?&ﬁﬁ%@@é‘f@l‘ﬁgnﬁ%&@abﬁnﬂ Hé@éﬁﬂ%’%@ﬂ% C}sﬁ&f 635"8&(}@%3%
for use in the pkeSeiRbinditidheioBd1ipRYreonntosh, Vektor Mad p&eKa68d 300 £tRSGKa10e ot.

particles using,tepRiiquas A nothesae.sh e (ieegnbinant virus can then be isolated and
delivered to a subject. A number of illustrative retroviral systems have been described (e.g.,

U.S. Pat. 30No. 5,219,740; Miller and Rosman (1989) SioTechniques 7:980-990; Miller, A. D.
(1990) HifmarTGanesErdrpYlvFaEe. FBevifss aNHFYTaDiD) aeeting, the eferemerionad R@ieing,

(1993) Proc. NptheArashrbrivéatidh Q0 BHB-RR3R; rasticBeriv-havetierad dmhbodiméhD83tEur.
Opin, Genet. b ge'ogoﬁdl %c%%% 8 9%@&.&@528% Pﬁgﬁusﬂs%\éﬂ adanavirusRased)

systems hav o een descri e retrovir integrate into the host genome,
adenowruses?féf%‘i@!%granded and may be DNA (genomic, cDNA or synthetlc) or RNA molecules.

Additional coding or non-coding sequences may, but need not, be present within a

30 polynucleotide of the present invention. In other related embodiments, the present
invention provides polynucleotide variants having substantial identity to the sequences
disclosed herein in figure 2; those comprising at least 70% sequence identity, preferably
at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% or higher, sequence identity
compared to a polynucleotide sequence of this invention using the methods described

35 herein, (e.g., BLAST analysis using standard parameters). In a related embodiment, the
isolated polynucleotide of the invention will comprise a nucleotide sequence encoding a
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extrachromosomally thus inimising the risks associated with insertional muta enesis

(Haj-Ahmad ang &safsam£986)4. Viral. 57:267-274; Bell et at (1993)4. Virgh6dpa9L 2944
Mittereder et at (1994) Human Gene Therapy 5;717-729; Seth et at (1994) J. Virol,

68:933-940; Barr et al. (1994) Gene Therapy 1:51-58; Berkner, K. L. (1988) 5BloTechniques
6:615-629; arkPixpektstledhel basat rasi-d0 GarefarnabaPR mand rovs) idestitiig the amino acid
adeno-associatederite M) reacnies iaiemsd@vigtalsialzequetey efdfieardor, polynudteditide

delivery. AAVyQ %g}(ge%tg%ﬁ%ﬁg}g %&r%}&@&ﬁmﬂ%@&ﬂ@es well known in the art. See,
e.g., U.S. Pat. Nos. 5,173,414 and 5,139,941, International 10Publication Nos. WO 92/01070

and WO 93/03769; Lebkowski et at (1988) Moiec. Cell. Biol. 8:3983-3996; Vincent et al.
(1990) VéccinBwxavéaiid Spvicenidanbiates HisovacorimpiessiedideewBhiargl ggnylernerdany to
Opinion in Bigigahnahegy fsshitBsbiMugreakas.N. (1992) Current Topics in Microbiol. and
Immunot 158:97-129; WM, R. M. (1994) Human Gene Therapy 5:793-801; Shelling and Smith
(1994) Gene Therapy 1:165-169; and Zhou 15etal. (1994) J. Exp. Med. 179:1867-1875.
Additional virdiRpeHsFEiRsaiRa@ENdaTTgrine itrchér ERIIRIEB URSY BRAITRIH BIG PRSI for
use in the pregaich iwkentamibistgendcteensiectinaitie shaséntauveddioprofiwtipexsamily of

viruses, 1%Jch E&yﬁﬁ&@%}f@e\@flﬁg%dl avian poxvirus. By way of example, 20 vaccinia virus
recombinants expressing the molecules of interest can be constructed as follows. The DNA

encoding a polypeptide is first inserted into an appropriate vector so that it is adjacent to a

vaccinia pronmBteirmedtitaritaogpraitEairDiNAse qle nekBySactidasiticediza ae omenuiegital

thyrnidine kingggriEKofiBryRFQR ISdhen urakiaimRRs MRl NSRRI Héslke

e S e e R ane e senen agnsg e s pomorer
p ti SSP e

: I
plus the geneoeﬁggdlﬁaflfﬁ%nﬁgy eptide of inter e viral genorne. The resultirfg

TK.sup. () reduaipinbieéarseleibtide and cupfamieferadlyatdemstiRopedn &t te level of
5-bromodeoxymidifgane ekinondrpbiplagues sesisiaat dhesesa bh ¥ pesinlatbstRiRtsequence
infectionitransggtcfté% ﬁ}/‘g@%?n be conveniently used to provide for 30inducible, transient
expression or coexpression of one or more polypeptides described herein in host cells of an
organism. In this particular system, cells are first infected in vitro with a vaccinia virus
recombinant thallyesmiidcratimehadtenisp Ragar@indN A e olyentva peefétablpobymdsase ldesdlays

exquisitg specifigilysin fatitpnbs e ripeL SR IRIAIS SRR IR, CIFROIRERdTHY'AVINg
infection, cells are transfected ‘with the polynucleotide or 35palynucleatides flnglerest q?v n
bice Serh Srrsn TR AR et o

by a 17 promSHSmMasRls SRR L anpl¥RERUYP AARROIO S e SSE SRR

recombinant @apeeribes the transfected DNA into RNA which is then translated into
polypeptide by the host translational machinery. The method provides for high level, transient,

cytoplasmic production of large quantities of. RNA and its translation pr ‘% t g.
Elroy-Stein apr'?d) P ggs?,oB%r%%. %&% 'R(lt;bied'%ecrﬁ'ﬁéﬁ? {195 ﬁ%%e?!%%&?g%f ;Hﬁ%)rrﬁtr?fta §? Proc.
Natl. Ac3®l. SErresving ieBpiBs:iom BIDWA ey 4aUeg, R SCS!IS GERUREthe fowSpox
and canarypoyratiétstssicanaizohigdusgiling for example), (for example Sambrook et al., Molecular
Cloning: A Laboratory Manual, 2™ Ed., Cold Spring harbor Laboratory Press, Cold Spring
harbor, N.Y. (1989)). Polynucleotides of the invention can also be obtained from natural

sources such as genomic DNA libraries or can be synthesised using well-known and
30 commercially available techniques.

There are several methods available and well known to those skilled in the art to obtain
full-length cDNAs, or extend short cDNAs, for example those based on the method of
Rapid Amplification of cDNA ends (RACE) (see, for example, Frohman et al., PNAS USA
35 85, 8998-9002, 1988). Recent modifications of the technique, exemplified by the
Marathon™ technology (Clontech Laboratories Inc.) for example, have significantly
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to deliver the coding sequences of interest. Recombinant avipox viruses, expressing

immunogens fwwonoammeadian pathogens, are known to confer protective isaiepiieIieids
10administered to non-avian species. The use of an Avipox vector is particularly desirabie in
human and other mammalian species since members of the Avipox genus can only

productively 1ppéted thesiratelhifsonarnRbtide hadpatare aranosaneehine i'ﬁa"e baen
mammalian qedpabde trmalsmRivprodiactad menmﬂhmmmtu%mndmwawmkaeqmnnethga&m and

employ genetsﬁtse&éﬁw@naatmuaé 9&& ﬁgﬁnﬁ@?&v g é%ﬁ@ﬁesmeﬁleme%&mm 15
vacolnia viruses. See, e.g., WO 89 03429; and WO 9

number of aldﬁﬁwgsa/%ﬁ?o?fs '3%\8 Lﬁ@%géi?"f@ '@gﬁOé%f)PSP%SPﬁ?J@@Bﬂ%@g%%ﬂ%Bgﬁafbns for
use in thé predgnnicieetideniivgch FHERSR trasting isldwiriispdatedusing Aresied pEMer84Bat23;

6,015,686; 6 Q%Q%‘és@é@@@é%@ﬁﬁeawam M@@Wﬁl%@(@l&@%@ﬁﬂ%ﬂﬁ@%ﬁ%ﬁ@dflc
Encephalitis VEE also Hﬁ?gé*”ﬁ ratl e %ggx\gﬂéci fanbe LB’}%,] k-

Patent Nos. OI‘E,‘OV cular conjugate v CtOI’S such as the

adenovirus cﬁﬂﬂ%?l%@ébﬁﬁr% H@BEH@@WW&WH&@I‘%P. Jheigro f thisge3 i eE65869
and Wagner gt ah&lyeed B Nalh ssepenSed bHa/A (ﬂlgﬁﬂbﬁgiﬁﬂgsgsﬁm,cmm thejaising fos

gene deib’e%%ﬁ‘é( él?&c{f“%‘éfiﬂé"éxr“ﬁ’r%w UL S RreipR R 1BESS G 8llpgr known

viral-based delivery f/stems can be found, for example, in Flsh IJ, Fsp etal., c Natl.

Acad. Sci. USRPE%S iﬂz@t%sfg"sés'ﬂqetkﬁéwtssﬂu 06k Rjopmay &eg%ﬂ @3 5 080:
Flexner at al.pNregricine 8:17-21, 1990; U.S. Patent Nos. 4,603,112, 4,769,330, and 5,017,487;
WO 89/01973; U.S. Patent No. 4,777,127; GB 2,200,651; EP 0, 345 242 WO 91/02805;

Berimer, Blotechnlques 6:616- 627 198 osenfeld etch, C|e -434, 1991;
et al., Proc. N A LAMEHFNGSNEY ﬁfé fs, Genrfeeed. gf& ]SURFS?eGiSaBKQ’Bi
35USA 19 11p198ins Bemsebes; @gmmi et desTived aeisin's8083d %nszaﬂgém@me@mman

et al., Cir. Res. 73:1202-1207, 1993. 45 WO 2006/032472PeT/EP2005i010M4 The

recombmant]ll e mlcroor anisms descrj beg above c virulent, or att u&}&;\j in vari
res s\y em may§ qh a recom nan ive microor a&nl virus r
Ways in order t0 ain’live vaccine uc ve vaccmes also form par the |nven on.
bacterlum The gene of interest can be inserted into the genome of a live recombinant
virus or bacterium. Inoculation and in vivo infection with this live vector will lead to in vivo

20 expression of the antigen and induction of immune responses.

Therefore, in certain embodiments, polynucleotides encoding immunogenic polypeptides
for use according to the present invention are introduced into suitable mammalian host
cells for expression using any of a number of known viral-based systems. In one

25 llustrative embodiment, retroviruses provide a convenient and effective platform for gene
delivery systems. A selected nucleotide sequence encoding a polypeptide for use in the
present invention can be inserted into a vector and packaged in retroviral particles using
techniques known in the art. The recombinant virus can then be isolated and delivered to
a subject. A number of illustrative retroviral systems have been described (e.g., U.S. Pat.

30 No. 5,219,740; Miller and Rosman (1989) BioTechniques 7:980-990; Miller, A. D. (1990)
Human Gene Therapy 1:5-14; Scarpa et al. (1991) Virology 180:849-852; Burns et al.
(1993) Proc. Natl. Acad. Sci. USA 90:8033-8037; and Boris-Lawrie and Temin (1993) Cur.
Opin. Genet. Develop. 3:102-109.

35 In addition, a number of illustrative adenovirus-based systems have also been described.

Unlike retroviruses which integrate into the host genome, adenoviruses persist
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In certain embodiments, a polynucleolide may be integrated into the genome of a target cell.

This integratioRyigaygesiashe specific location and orientation via homologQusgeseiningiion
(gene replacement) or it may be integrated in a random, non-specific location (gene

augmentation). In yet further embodiments, the polynucieotide may be 10stably maintained in
the cell as a SEAIEMOSRBMUIRERIBRITrDRAISE @ssosiTivdedbtitredioga ahttagnesis
"spisomes" efidaperseglentesasuifi¢ikstia paronismaenteng et and.redsntioninteépasdent

oforin Symhé@@?ﬁ\ﬁﬂ@r&ﬂﬁ? thg, W§é§ﬁulﬁ¥ﬁl?e£ﬁ'§fﬂé’r%?9%'?1‘9’% glﬁheéipa{le?ﬁégm PRRHLIC

is delivered to a cell and where in the olynucleotide remains is dependent on the type

of expression Coratrocr erApIRyR d“ﬁ?én%ﬁ’i‘gr QFBBY R R BERERRVhton BBblynucleotide is
administéred/diollesheiiues' Fiaked29 Mrd Riclestah (1923 Uem@@mwmd’ﬁl-ﬁﬁénce
259:1745-1749, 1993 and reviewed by Cohen, Science 259:1691-1692, 1993. The uptake of

naked DNA may.be increased b atln R'g NA ontol% rad beads hICP
efficiently trar}g%orlfeg%ﬁlmt%s?ﬁepécte S f‘ng o?ﬁtor DO mé’ﬁtaa c?%?ﬁ’Bc%& lon of the

present mverﬁi@iVPéﬁﬁ%@%i@ﬁ%’édW &%&W@%’éﬁdﬁﬁ?ﬂhﬁ?@ﬁ?t&ﬁﬁﬁ?éa’éﬂ‘%ﬁ:ﬁw%%m have
been describ&dolm inthdl usiSaib/ e gxanpleatdkslriyerspantiahel o3 ovati dntaastiveshichieved

with devjges B 25JHRRE. %@W&%Lgﬁ&’\hb Fé%%ﬁ%ﬁ’ménﬁa%ﬂ'a@ésﬁ)lﬂ%@@eﬁd

UK) and Powderject Vaccines inc. (Madison, WI C,(g) es of which are described in

DS Paton NG & 2K RORD AV b ok HHEO)isPames PO I pind HefRsh KABORIRY 799,
This approacRreffeyCartescldld- {18820 Slivesnyt Spprioadh Ridtechholacry: Pl fdumgktioN of

gﬁgﬁrors]copic Ra@éﬁbe@uiaﬁﬂmﬁlmwmmarﬁrIWeptiée ﬁﬁéﬁ@%ﬁf%mledﬁggﬁsﬂ&ﬁ]anl
Igh spee It a nell erate ICe | t ticles
o ot (R LR o R S R b THE B e Mp e

be usefibfor gbaLdi%eh AdemeMeds iffetdn $éompositions of the present invention include

those provided by 35Bioject, Inc. (Portland, OR), some examples of which are described in
U.S. Patent Nos. 4,790,824, 5,064,413; 5,312,335 5,383,851, 5,399,163; 5,620,639 and
5,993,412, 46\dAiterEd OB sedeEpesfiEiopdeliyingBa steisreid melasters peasBodiment,

the immunoggaiypepmpascbﬂoseqﬁ the prussHionintioied ywitb PapbriMeLetinaly aaceptabla
excipient, mo{l’?e ﬁ.ﬁb/g\fv\m]g& w@%@g‘%g VRsENG a J; ESB‘V N&? Bfg (ﬁﬁ%le

invention are pre era uvanted. Suita uvants include an uminum salt su
aluminutf hydﬂ?ﬁiﬁ'@ &g.’s(éqaﬁﬂq)qypaé]ﬁ,ﬁwﬁmg the molecules of interest can be constructed as

follows. The DNA encoding a polypeptide is first inserted into an appropriate vector so
that it is adjacent to a vaccinia promoter and flanking vaccinia DNA sequences, such as
the sequence encoding thymidine kinase (TK). This vector is then used to transfect cells
which are simultaneously infected with vaccinia. Homologous recombination serves to

25 insert the vaccinia promoter plus the gene encoding the polypeptide of interest into the
viral genome. The resulting TK.sup.(-) recombinant can be selected by culturing the cells
in the presence of 5-bromodeoxyuridine and picking viral plaques resistant thereto.

A vaccinia-based infection/transfection system can be conveniently used to provide for
30 inducible, transient expression or coexpression of one or more polypeptides described
herein in host cells of an organism. In this particular system, cells are first infected in vitro
with a vaccinia virus recombinant that encodes the bacteriophage T7 RNA polymerase.
This polymerase displays exquisite specificity in that it only transcribes templates bearing
T7 promoters. Following infection, cells are transfected with the polynucleotide or
35 polynucleotides of interest, driven by a T7 promoter. The polymerase expressed in the
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10 phosphate, but may also be a salt of calcium, magnesium, iron or zinc, or may be an
insoluble suspgnsipsREAGylated tyrosine, or acylated sugars, cationically gr-2pieRi¥ 154
derivatized polysaccharides, or polyphosphazenes It is preferred that the adjuvant be selected
to be a preferential inducer of either a TH1 or 15 a TH2 type of response. High levels of
TM-type oytoRitriaasn &em theoegsdinvaimesneiapnhinatdaaniiains Qb4 ipta BNAn

antigen, whilstiighd @vsisrahdiiddyie W;@Km I8N ddbavparmsbtoind ueiimelyhinearalthod
immune respaRSR IR Baan dasprebMet e il N Bl Mdan i

Th2-type immune response 0 not abso an individual will s mune
response wh%@@%@gﬂmﬁs%nﬁ%gﬁmﬂﬁ?% 8% BreGoNatiriR? %D‘fﬂé’g\/l\%lo)lt is
often corfvenBhéTa:6nsidEnths éhalilRrenNeyitdkinesSici. t@ﬁﬁé@ﬁﬁ)zﬁwﬁﬂ%&ﬁm rnurine CD4
-Eve T cell clones by Mosmann and Coffman (Mosmann, T.R. and Coffman, R.L. (1989) TH1
and TH2 celléltdlffe nlt patterns o%%hms%hokln £ Secre tion lead to dlfé;e(r&:rbtsfunctqugs be used
properties. 2 RNRULTRSVBR S %'Toaﬁ 7 %"iﬂ%’i? % ona el‘e‘r‘lfatype responses
are associatel@ C&ﬁhﬁh@?ﬁ@dlﬂétmmﬁ Aintespel. IB@Q!?BHI&HE%VWWVIW%@@@%S'@her
cytokines Oft%ﬂumﬁmmlﬁhtbﬁHBMJ@m{nmh -y penfarproiectes ponseshanh et

produceg by 1&{1@.”5%&4 @?okka%% é\% f (%)%’gﬁgw@&VQRA@@BQ%%&E%Q&E%%%M‘BIQ\E

secretion of adjuvant systems which promote a'3

predom.nanuwm@gsaﬁg% memwe"méﬁﬁ‘ﬁﬁ%éﬁﬁ‘afwﬂﬁ?ari%Fb? é‘él’?\%tﬂ?é“ﬂﬁé?é‘o?”'y
particularly 3tedQctiesiiateplinatmioussaitibiyidifad spég@d\apd fémfire grepatanientivednGB

2220211 A); m%%m%mgtlmﬁsa@e HRBOSRRS Rk bRiS-RAnPAG TR RN R FerDrasYRIRthe art
monophosphoryl lipid A, %0 ri:ther L8helther an alurrHQGU salt E rlnsta ealﬁ)ml u[%n of

phosphate o H'Ig r8x?§85" ngﬂogfla}%%ger emu S|on A'SUE corrt%?

36antigdh anveSEniFiluses. Seeidited VR HiK1285% W&?tﬁ@l@éf@%tﬁf&W@ﬁ%ﬁéﬁﬂﬁg for more
WO 2006/032472PCTIEP20051010184 efficient delivery of antigenic and immunostimulatoni

signals. Stud e of an
alum- adsorbedaa?)ﬁtll\é eﬁ%\g ngh?% a%%%}%%g@@%%ﬁ}g%&%ﬁﬂ@g@l%ﬂﬁ& Sﬂ]ﬁ v
enhanced sy§€é?ﬁ9ﬁ'\tleﬂﬁef§"tH§ed8rW§|H@t?@ﬁtdf"é'?ﬂ%(?b'ﬁtbéﬁﬁt’)??? IKSieions SacgReB Ar
derivative, pmmﬂmyarmmmbmatmeeszgmoamsmmaﬁ%mtmmemmmm or

a less regcto gpp@aﬁ | ohpedisalsgd in
WO 96/‘%%733‘3 R%gﬂlcularl %%ﬁg%fgéﬁ%?tg %ﬁ%ﬁ?ﬁgg’%@?ﬁ% MPL and
e

tocopherol in%&A BA IRURAIB Merh fiRIBH RogedeiBed 7210, and is a preferred

formulation. Preferably the vaccine additionally comprises a saponin, more preferably 0921,
The formulatimermxra!ﬁ@nmp&s@@a@ib&tw@t%umlai@raaé\fbm@@hmﬁ@d.&\m&s/ﬂz10)-

The present ienlien AlRfaRLayider 3 meihod o piadyoaadeecine U aRgsing

mixing a protem 0 t%e present invention toge harmaceutically acCepta

excipier® su@fﬁﬁs“ﬁ@dwﬁq_ %@ﬁ?)&ﬁ%@oﬁg@d@c@?ﬂaﬂgmbww{%m"(m@ﬁbﬁ‘@%)
are also prefefastmininducers of a TI-11 response and are suitable for use in the present
invention. Preferred compositions of the invention are those forming a liposome structure,
Compositions where the sterol/immunologically active saponin fraction forms an ISCOM

20structure afSSHSHA AlvsteiiveidPimatintondBrserie AhET Sreys ¥idiParaA I RINREURY TR the
order of 1 : 168ntbelfdumek ifpinetanveig lin. Ftefe Hioly ehale s¥@talallisipadsSot, it Bid13f3I21 :

sterol bging afdedstdxReNavall yRinafyyioidudmen seouBistalins0ad.Aadesiarolyuiiie
presentin a v, f?agﬁ 7353.10% r%‘aqen?&%é’%&s%o 2984t %8%%% SIS AN P to

about 50 ug
u.s. Patent No. 4,777,127, GB 2,200,651; EP 0,345,242; WO 91/02805; Berkner,

Biotechniques 6:616-627, 1988; Rosenfeld et al., Science 252:431-434, 1991; Kolls et al.,
Proc. Natl. Acad. Sci. USA 91:215-219, 1994; Kass-Eisler et al., Proc. Natl. Acad, Sci,
35 USA 90:11498-11502, 1993; Guzman et al., Circulation 88:2838-2848, 1993; and
Guzman et al., Cir. Res. 73:1202-1207, 1993.
45



The liposomes preferably contain a neutral lipid, for example phosphatidylcholine, which is
preferably nonggysiadlingsat room temperature, for example eggyolk 30 phpsphatighghinline.
dioleoyi phosphatldylcholine or dilauryl phosphatidylcholine. The liposomes may also contain
a charged lipid which increases the stability of the lipsomeQS21 structure for liposomes
composed of saturated lipids. In these cases the amount of charged lipid is preferably 1-20%
w/w, most prefasabbpiableit. iV entatiorgérstens ks pivedEtolipidars He S 0ote (i oi/atteh) akmsin
preferably 202534 30, WORARGAAMIARGCNEYRIOSKINIR4 PratReatiisihsrsomRaesiiians of
the invention contain kin.. (3-deacylated mono-phosphoryl lipid A, also known as 30- MPL).
3D-MPL is knBWi¥P8m GB 2 220 211 (Ribi) as a mixture of 3 types of De-O-acyiated
monophdsphoryl lipid A with 4, 5 or 6 acylated chains and is manufactured by Ribl

Immunochernn MonfiaabddieieE sl e iscding 0sgelia kg rartianel tRa oA RicAkegbt
92/115555. Sgé‘pbl\{/.l%c%r%gg% ' Pr’?a?hg]ﬁ i%gesggaﬁcigga%%sgn\ﬁ’Qﬁéﬁl@tf@ﬁ9%'?8@@{)}%& fially

prepared without L 1s'then added, preterably as 100 nm particle PL is

therefore not &SAfAANEISNIARNTERRSGEIENH SR ERGAR!ES Khp [2BHeM crompeRiiins 10
where the MPbcigioo yaiectigwidnratioa)yds g fontherEabed(kreatentizs duljRLcaptEdsontgrbean

aspect ghthe xaniamkdiResanHeeohal RedRranaduaitaadhmaadeisReBiiane or
contained outside the vesicle membrane, Preferabgéigluble antlagae@ﬁ are gut5|de and

hydrophobic SPHPRFREIFESEERFEIER SRR LShENGRPiReRE PR SHITE & R Mbrane. 15
The vaccine preiptaeaimesaof tieplicetionindapendist ehayimeyndvanzaliwtadtrohebesteen sieaal
Susceptiﬁle tol’igg%iﬁfér hvwn@ﬁmﬁe@?%ésﬁdﬁt&sm;aiﬂ NARGIRR W EHENAi/BErBIMGas Rk
route. These administrations may_include injection via the i cular, i r
intradermal or%se Lﬁ)o&q%%%%{?} 6 ﬁaelgs o c\% erh%%bsog {58 r& ﬁsrlit{ggéﬁ]é?gf éﬁ ec %‘r%%?r#gﬁ\%d
respiratdfy, genitourinary tracts. intranasal administration of vaccines for 20 the treatment of
pneumonia ofrpéitistivacshisbiripiefe it avararnphanygesictidy iagenhpteadiddvecicas be

more eﬁectiv%@@ﬁ@ﬁ\?%#@é%@& BYRUOGHIUS FOMRE UBFABIaSH B8M 74EIPHGN 1683 and

vaccine of the invention may be administered as a single dose, components thereof may also

be co-adminiSRUIRNEtHRLRLSA: BRPRSRRr IRD b SR ifReTent fifm ¥ kS ShRRsRE O NS GEoccal
polysaccharidesemsattitycoatiministddbié sefrabiddgraies treadambithaseoeflicRnip tRpwiveethe
adminisg@tion,Qf @ad@cterial protein component of the vaccine for optimal coordination of
the immune responses with respect to each other). For co-administration, the optional Thl
adjuvant may be present in any or all of the different administrations, however it is preferred if
it is present innceithpagrsewedine oz eanngsitesial Sshmerrahinyeien srehredehvatrditnzo
a single route aftREBitisAdianiHbEr-ehbier arinjosftaniel pelivsiiaigormay hedrstudiative
example, pol harides I 0 |al pratel
%ﬁ@lﬁaﬁ%ﬁndg&d% It?&ni’b E‘ééFSF&%A'\éfah]Bé%ﬂE\?eR%{ﬁﬁ BLQIELRR HaN e

administered on, the vaccines of the invention mag/) e administered IM for

priming 2se S'aRaNUSA Ry R BiR £ heemace st oL st MO ARAJEIPEeRh vaccine
dose is selectésteiseannenibladisadivhi jnaduee sxamplemefivdpcbtactidescebpd its & Withatatit Nos.

significant, adygigegide 6iteaiss bl Ut 8 MAGLAADERPLARETLE BRI Syaccines,
Such amount will vary?%%)endm%éupon which specific anunpge%g@mglo ed S\ggon% itis

presented, GBARERART ATRISX PEEHISITRE CELFNREIRA WBIFISHLR JeFhG 'S
polysaccharideicinesteniaipgrictes 6yih fay polysatectideide nlvepfite apieltss #ivpagcelaataso
more pregerabfynlsdEa@itah WD E R fedgnaraiel Bysaianaieidd_URe, propeliing the

particles into a target tissue of interest.

In a related embodiment, other devices and methods that may be useful for gas-driven
needle-less injection of compositions of the present invention include those provided by
35 Bioject, Inc. (Portland, OR), some examples of which are described in U.S. Patent Nos.
4,790,824, 5,064,413; 5,312,335; 5,383,851; 5,399,163, 5,520,639 and 5,993,412,
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The content of protein antigens in the vaccine will typically be in the range 1-100mg,

preferably 5-5Gpg, zmg,gggyﬂlcally in the range 5 - 25mg. Following an initial W@J 190184
subjects may receive one or several booster immunizations adequately spaced. 10Vaccme

preparation is generally described in Vaccine Design ("The subunit and adjuvant approach”
(eels Powell M.F. & Newman M.J.) (1995) Plenum Press New York). Encapsulation within
liposomes is dggeitpgddy Fullerton, US Patent 4,235,877. The vaccines of the present
invention may be stored in solution or lyophilized. Preferably 15 the solution is lyophilized in
the presence of a sugar such as sucrose, trehalose or lactose, It is still further preferable that
they are lyopHitizegtefadteeixéarbpiinamntahis iinnecenstilu teohpasitibo obthelipog@itibriisgmixayg vétsudt
in a moresstabip LOMPAGILAN AEHIBELABLLBEM PRSP IERELHY NERET-ANUBRIYHIRES e,

presence of 3D-MPL and in the absence of an aluminium based adjuvant, 20 Antibodies and
passive immuiiSatiSn Another aspect of the invention is a method of preparing an immune
globulin for use in prevention or treatment of staphylococcal infection comprising the steps of
immunising a PReresitings Withnhiersaesinpvehtian iaaéearrlﬁaratslyl maﬁﬂ@;amsmtam&om]uﬂafmn
the recipient, An | emléﬂea(?u%prletl}rrm]w preﬁjare&bggh nigr)ldﬁ;f >'2Hhe asps um f;t)krlea{ u\r/r%%(r)nn
A pharmaceutlca‘ll composmon comprising the |mmune globulin 0 ntlo and a
pharmaé@utlcﬁn@&@ééﬁat%\éﬂ?é{rﬁﬁf’|§9a4Lﬁﬁ'fe?fd%ﬁ5‘éﬁ%ﬁﬁéq?ﬁ}%|(5’ﬁw&¥‘808fdw R&edNn
the manufactumecbitdensespeasiendfaciieeicatosent or pristediengai-8Ccstaplvglycoacaalonically

disease, A m%tg%g%grmﬁg{oggegﬁngg%gﬁﬁggyégcoccal 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,  Inocula for polyclonai antibody production are
typically prepafiscoisiatisddrehibetaddamt fersielededdoditonnrefarphijalislidgtenly edhsralEH1 or
diluent syh as saRlingrerdepHEE %Qﬁﬂ@@@é@?@TQEePWH%W@fBWﬁmt& ﬁéﬂétt’dﬁ er

human use to fq{m an eous com osmon df«n |rnmunost ulator]y zi\rﬂ n eQ/f

mediate lmm onses ive %
administered ?o a mammal e |n F% n ‘maintain d for a |me su te,{f%ant

for the antlgeﬁbéql.‘dﬂﬁﬁﬁé]ﬂéﬁfﬁY?HHU"@éW&MlQE@HI%@'dIB@Wﬁ@&W!&%l@stﬁﬁﬁrﬁl@%olated
to the extent desired by well known techniques such as affinity chromatography (Harlow and

Lane A”t'bOd'l??? f'?h';?&%rﬂt%wﬂ%% Wﬁ?@e déﬁﬁﬁ?‘&ﬂ'EFWAH&W?@;%%%H&FSQ%’J@ES

from a variety of commonly used animals 10e.g. goats, primates, donkeys, swine, horses

guinea Figs, r3es sl ﬂéeémh?ﬁé“&ﬁéqb'%d"&hﬂi%%‘? rﬂ%%\vaﬁer&smﬁwwﬁ% g6 BRAfibed
produced in age deleg eeeddnitiaatiyr&se ntrimveddioimaaly ifichidéelewsole,aibih ofiers camtdnieht to

fragments or gghffagmentenfieiRadiesiGres AR WhAEof 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.

25 Annual Review of Immunology, 7, p145-173). Traditionally, Th1-type responses are
associated with the production of the INF-y and IL-2 cytokines by T-lymphocytes. Other
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 1-4, IL-5, IL-6, IL-10. Suitable adjuvant systems which promote a

30 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
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,

35 antigen and 3D-MPL are contained in the same particulate structures, allowing for more
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15 immunoglobulins of any class e.g. 1gG, igM, IgA, IgD or IgE, chimeric antibodies or hybrid
antibodies with,gwial specificity to two or more antigens of the invention. Thﬁé’ﬁﬁ@’o@éﬁﬂo@ﬁ
fragments e.g. F(abi)2, Feb' Fab, Fly and the like including hybrid fragments. An immune
globulin also Includes natural, synthetic or genetically engineered proteins that act like an
antibody by béfiiiegttdelivenifief antigenis andoimmamstimision0signalecPledriHRR i that
Invention cangdpeeimigisifees tean@CHiBaWhadhemastyesctselrae alimalsomeiobwiiitn
produced In response | f >_specfi ine, A.subject thus treated would
donate plasm Pc?rﬁ'nw%ﬁb@)%@rg;mrg%gﬂqug%%ﬁﬁW%Ealé%gggt%ﬁhed via conventional plasma
fractionation methodology. The hyperimmune globulin 25 would be administered to another
subject insordan enitapad sgsistainelagaihscomtrieatieiad hyloroetatpifestiirid Wygerasaronas

globulins of the inyentiopaie, RRFIGHIAr B MBRIIJe" dreaspenkl RIswRRtionsobsaRRIoRP e
disease in infants, immune compromised individuals gr where tre tm%}%ﬁ required Eg% th;?re
ﬁ?fcc ¥ iﬁ%Wal

is no time for O MEVidtialto BrEdFASRENB IR RPFESPoNES R ion: 38&R

aspect of the dhotestionl iss gisclpsrsculival 86MBPESItioA canipvisihg RAerbfadigranhdiovieHan
antibodies (on{jaaRe s sheseniPLeiatRloPRERA INOsMBIMAVSest) seariive BRI HRYIGABIO
two constitue e immunogenic osition of the C .
treat or ?Jgeve%?ﬂr?r%@l’oann 3'/3(2 r rere11% &es%(t?m\c/)regl‘)%é{%r}iac!; ée'r JJ‘[)%r)gi{eﬂr"‘-tl'aqk%'c ws{{']aép%jy %Jéc%@fcr%%%glégs 2
preferably S. 82ReR8 onYeapieieradiii QSAlo Tro&unyatior ORYERSH BSIBRBE AN R water
pharmaceuticanoiiop esidi et pheng ((EonesNgatr)al Brtipeded bnantian dleondovEes a method
mmunOgIobulys, Rl 1255 8 e Afinllkb SamiBI) 1 A iEHGHI RO URS A iior
antibodies with specificity to two or more antigens of the invention, The also be
fragments e.d°B$195 /B3 Phatmass i Y RetRRITRE lfd‘ﬁ@'mbﬁ%chgﬁ r#érz@y I.'\./Iqug&th&ated
making rfonoClud aioatitioglicigangdeelidesofiO P850 hat cdav iniatentlst ingsiesiopf a TH1
splenocytes wilkLpRkglanaa redsidbRve RIS IRER S TvdMabH.e 256; 495; Antibodies - a
laboratoty manual Harlow and Lane 1968), Alternatively, monoclonal Fv fragments can be
obtained by screening a suitable phage display library (Vaughan TJ et 10al 1995 Nature
Biotechnology 16; 535). Monoclonal antibodies may be humanised or part humanised by
known methoBsfdieihoctsrboeitione ntib ritel s inesrtiom pass disosee tfooohiofy neakipgstinee - structure.

immunogenic Srinfand yarsiaRpirRinlRdRYRAIP Activé RISERIarhBIses R dhascom

invention, is a grne hpd Jgo oartkea% ggcgépgf?ﬁengﬁ)vrési{n&the steps of mixing antigens to make the
immuno%%nics ] Bgs? o OF RS ARPEStoN an aaclllng a 20pharmaceutically acceptable

excipient. Methods of treatment The Invention also encompasses method of treatment or

staphylococcahiafettian ZSHar stk nhiltpsipad beduiredordssafcmit®inifedtichweibhido weight.
ImmunogenicrempeRiiRneas Laseine nbiba, meniionisasiicelarly wsivgatageous to

1 : 2 wiw. Typically for human administration QS21 and sterol will be present in a vaccine

25 in the range of about 1 pg to about 100 pg, preferably about 10 pg to about 50 ug per

dose.

The liposomes preferably contain a neutral lipid, for example phosphatidylcholine, which
is preferably non-crystalline at room temperature, for example eggyolk

30 phosphatidylcholine, dioleoyl phosphatidylcholine or dilauryl phosphatidyicholine. The
liposomes may also contain a charged lipid which increases the stability of the lipsome-
QS21 structure for liposomes composed of saturated lipids. In these cases the amount of
charged lipid is preferably 1-20% w/w, most preferably 5-10%. The ratio of sterol to
phospholipid is 1-50% (mol/mol), most preferably 20-25%.

35
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use in cases of elective surgery. Such patients will know the date of surgery in advance and

could be inoculgtsdhigadyance. Since it is not know whether the patient will Be39.6XpR56# to
S.aureus or S. opidermidis infection, it is preferred to Inoculate with a vaccine of the Invention

that protects against both, as described above. Preferably adults over 16 awaiting elective

surgery are tre&retbritly the dampasitioenit tenpestitonsatath WRCiSedeat fhcinviemidoshddbHos/|
also advantagepisAOBekHlaia Aeativrare \WOPIiS Wb INeNRS GRS INYRIIUY J Mture
vaccine prepargigns,ol (o RISSEIERKARMALRRHTER J0AIRES of Fealamamialang i

susceptible to infecfjon, by means of administering said Vaccine via sys or WC .
20061032472#@@66%;3’%0%@1 THERPRE e MantaNS 2 dAinfRT&HTSAS fRiaY #cRisriosed in
injection via thdigtratinnstBrientfrniestion8al] 1663&lerrnal or subcutaneous routes; or via
mucosa' administration to the oral/alimentary, respiratory, genitourinary tracts. mount of
antigen in eacfsuwg?s_o%%%u%ﬁﬁLﬁQWéiimfemﬁ%]@LlH&y&hmléﬂé\Hlﬁﬁ%é&ﬁb%%ﬂ%ﬁ\%?ﬁfé%‘é?ed
response wﬂthh '&”NHEE‘”% %dwﬁel S'slg]%nefgﬁggs int glcag)l vacc% s. Such amount will vary
depending upon which spécfﬂc_irnmu_nqgen IS erﬁijBE; o r%l Pow iETBr.B?EI‘EEs& TH?HY&%N"?
content of the e AL EBiRLRA BEthindhe Mesise oemiRNS feTeraRs HIBOwig) nieemepsitany
in the rantfe 10vheBrihg. (dRInsratintaines! esdbictios wbsitid hembhadesknwithcanyRrise Calbd Pm an
1'169 of po|Ksa@qfwidefm@emmeﬁ.emhar@ﬁqgahw- %&@ﬁﬁ@m@ﬁﬁ_fﬁ?%@-&é@&é%&%@@&
to 6 mg is the ; I [ ognt.for,a particular vaccine can pe
ascertained byﬁgﬁ'ﬁd‘sﬁ é‘;ée m%%%f\%r%gqﬁégﬁ\%ﬁﬂnHé?tfg%p??g)ﬁiolg{ge}%rﬁpr\é Sﬁgsrgé%g Esé%e"?nd
subjects. Follov%ﬁ%p RIG L ﬁ%é?ﬁﬁﬂigﬁ BB QLRI LPnaGddnside oF Ausidaihsoperebrane. -
immunisations adequately 15spaced. Although the vaccines of the present invention may be

administered kéy arty route, administration of the described vaccines into the skin (ID) forms
one embdBimdioraRens:sEeramirsatiehinaRrsaKinvertiaprisey ha veedr thormigctatidreat a
called the stratnam@@¢euseeptible/hichfostertayy theaapickiamimisianey rarthdbineRidibisitdr

ayer called Iffeiale UCHY O TRONGHYSNE SHACUIRIERV BN BESFAAGL RS

o n
shown that injection of a vaccine into the skin, and in par ermis, s |mu|a es an

immune respofSaPHRCRaN I afles Rl 95SHRAHRRCRAh "AUkimBR VB MaRE RdaiAP4Atiagds. the
Intradermal vaweif#itiemiaivh rdspivatoningsnitescnivg draeteeintfaremsaparefastedida ailvecehabtie

present ipyentigsEaeneRNYE PHENAbHS BRIGHE Ghdpadesaalinie Oﬂaggﬁ\éf@/ﬂ%&ag# agri]ag?lv IC{F'

rocedure", comprises steps of cleaning the skin, and then stretching with one
P : pngu TR eqffecﬁv%( ; J

the bevel of a MOCOCCI can be more ely prevented, thus attenuating infection at its earliest

stage). Although the vaccine of the invention may be administered as a single dose,

components thereof may also be co-administered together at the same time or at different

times (for instance pneumococcal polysaccharides could be administered separately, at

25  the same time or 1-2 weeks after the administration of any bacterial protein component of

the vaccine for optimal coordination of the immune responses with respect to each other).

For co-administration, the optional Th1 adjuvant may be present in any or all of the

different administrations, 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,

30 2 different routes of administration may be used. For example, polysaccharides may be

administered IM (or ID) and bacterial proteins may be administered IN (or ID). In addition,

the vaccines of the invention may be administered IM for priming doses and IN for booster
doses.

35  The amount of conjugate antigen in each vaccine dose is selected as an amount which
induces an immunoprotective response without significant, adverse side effects in typical
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narrow gauge needle (26-31 gauge) facing upwards the needle is inserted at an angle of 30
between 10-15u4npssieHsVvel of the needle is inserted, the barrel of the nggdie s lawgigd
and further advanced whilst providing a slight pressure to elevate it under the skin. The liquid
is then injected ver slowé)égﬁereby forming a bleb or bump on the skin surface, followed by
slow vvithd rawé’fa(ge{ﬂ?é 'n2ddleMRAHA! 30b¥I0agepradicorarom 2UTEIGPe IS iMarseaee frlgmployed
devices that ar@upbetfidaspreesitendGeredimynisteslisid Agantaintaces amesmPRSHIN Ry gy
been describedyf 9&‘@6&@ ' scribed in WO 99/34850 and EP 1092444, also
the jet injectior(ljo éeg\l;)ilces des%?%ipﬁgﬁggiaﬁﬁﬁeéiﬁw %cfﬂ)isffﬁ‘llafﬁﬁ§ cg}wge%%ﬁr%gably 0.1-10
5,599,302, US 83B5R A HE Jotagp olydisheup 912, i/ 6 9reealis $,394,911, US
5,383,851,4US 5,893,397, US 5,466,220, US 5,339,163, US 5,312,335, US 5,503,627, US
5,064,413, US : 6 S 4,790,824, US 4,941,880, US 4,940,460, WO
97/37705 and V?/nng%ﬁ%éé.%éft%ﬁngﬁiﬁ\%ﬁe' 0% %éfﬁcr{ﬂeaave"}trqﬁl%af% TslPalisnan9Re!viaQae
preparations mA§ iR E-EBrIcHABHAPEA N de thamenge st dEviceingesignital facbiadissic

delivery of soliguleuiwesy W08/ Bsveral BHansApmaiRAIGRe S LA:R7L48440; WO

98128037); or applied to the surface of the skin (transderrnal or transcutaneous delivery WO
98/20734 T WQ/98/28037 ,_When the vaccines of the present invention are to be
administeld td ISR FANGRIS BeRiRl gasraberkinMARre RevandiTdessibanibant qsiidvant
volume, partic@tigasivoligdse Bpashebhees aboutSm. Anddds) nHichim CRRIGNHRHANTIGRYS

in the skin or irﬂﬁaél@fﬂ%bnwmﬁﬁﬁsééhﬁ@@mi%‘@wi?ﬁh%ﬁ@ﬁ%% jp.sgnventional

doses as found in intramuscular vaccines (see above), However, it is a featlire ot skin or
intraderrnal vaccines that the formulations may be "low 20 dose". Accordingly the protein
antigens in "InT BR¥BOREH diedtiessrifioneplipprese he istasdittl sastiOrlodybhizareferafikil

to 5 .teeliper dusepanidritie pobisasaharides(preferrlbraniigaied) Antigens/may PSrBJ&sSee%E

In the range o sle ly petween 0.01 to 0.5 14 of polysaccharide per dose.
25As used helﬁag,g'[?ie%égﬁ%rﬂ[g eﬁ%a Piéﬁg%/"tgﬁ%{alﬂgydgfﬁ/éwp %@vﬁ'&%iﬁg‘?@m@lﬁﬁw

of the dermls IFTRRSLIITIRERIOHSEhd- YRRk MRBIIRN Sesidciass A Riakie aprdrositiorsivebyin)
the dermis. Trendenmyipissindyliget tn thghskianlizaiedibstwesr dhdntdAbaROULAD MR

from the surfagesinbdiBRan sigRiMith BISIS R e&5iain amount of variation between individuals
and in diggrent parts of the body. In general, it can be expected to reach the 30 dermis by

going 1.5 mm below the surface of the skin. The dermis is located between the stratum
corneum andﬁtm'@q]{ggs he subgcutaneous layer below. Depending on
the mode of delivery, the vaﬁgeﬁr%%g?g‘én% I &?&Eﬁ?& solely or primarily within the
dermls, or it may ultimately be distributed within the epidermis and the dermis. 35 WO
2006/032472PEHE 2008 0Nie 18veptiphdfer etkteorisd direparings tneiimrentigrobsim Toethasief
preventing or readinigrstaphyiosence! sprjiescesAlireane conmsining the sisn of %ﬂﬂﬁf&&%@g
the ImmagooeaicEAMARSIIAG hydreins HINRINERIINJo 2 pRllEtIn need (nercot, In
preferred embodiment, the patient IS awaiting clsctive surge )9.3 ng 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
used in the manufacture of a medicament for the treatment or prevention of
30  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.

Inocula for polyclonal antibody production are typically prepared by dispersing the
35  antigenic composition in a physiologically tolerable diluent such as saline or other
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A further preferred embodiment of the invention is a use of the Immunogenic composition of

the invention inglae ghaérgiasture of a vaccine for treatment or prevention oftapPYIRCcHRSH
Infection or disease, preferably post-surgery staphylococcal infection. 10 The term
'staphylococcal infection encompasses infection caused by S.aureus andlor S. epkiermidis
and other staphgiocudeatabiafordzpainaiss tafosingnafestion dempesitnmAliimmuatstiabliatory
human host. Ths RN i'mszmpﬁiﬁmsaniiﬁgmﬁya&s'éaﬁé#ﬁ'ﬁfamd&ﬁs ﬁ&[@é&bamﬁiﬁaﬂs%y the

inventors to be, apfionalisPRiluREAI (e (e CusBnAGI, RansisLalagg, consists
of, respectlvely, IN every instance erenc SO patent applications I in this
patent spemﬁcﬁﬂ%‘i‘?@?@ ‘incorporated 20by reference herein. In order that this invention may

be better understood, the following examples are set forth. These examples are for purposes

of illustration ofhg é’rﬂﬂ&ﬁ@%ﬁé’@o@%&w% S UMHRGL0S PRRRRRIWH SRR (o ALY
manner. 25 WQ 2036/932472P P2005/016134 Examcgles i%%Of le 1 Construction of

Plasmid to Ex E@ﬁ@%’é’ﬂﬁtﬂ%’? FEIRY AR A RS R O HERE A& gineered

into ofigonucleotides specific for the staphylococcal gene permitted directional cloning of the
PCR product iniqibaaisecodrenpransignisiasmirepbrhidi aorQivaRkaushdiatariiain saids
o Sxprested SRAUaloBAIRIED SONRL AL IRICAIRCS HRT ARG FET NI &
C-terminus. 10 Ph prirhers used were: A

-5'- CGCGGAT@@@@%W@W%TTAATAITAAAAC 3land
51CCCAAGCTTI1IAATTTOTCATTTCTICI11 1 1C-3:

EbpS5P- GGC%@A}Q ngﬁﬁlﬁT%Tm&ldlaﬁMﬁﬁ%% &'@g&ﬁﬁventlon can include whole

5ICCCAAGCTTTTATGGAATAACGATTIGTTG-3'
CIfA59- CGCG@A"’I‘E’E%G?GER ATRRITETT ACGCHAREMLlRy Antibodies can be  whole
immunoglobulins of any class e.g. IgG, IgM, IgA, IgD or IgE, chimeric antibodies or hybrid

antibodies with dual specificity to two or more antigens of the invention. They may also be
fragments e.g. F(ab’)2, Fab', Fab, Fv and the like including hybrid fragments. An immune
globulin also includes natural, synthetic or genetically engineered proteins that act like an
antibody by binding to specific antigens to form a complex.

20
A vaccine of the present invention can be administered to a recipient who then acts as a
source of immune globulin, produced in response to challenge from the specific vaccine.
A subject thus treated would donate plasma from which hyperimmune globulin would be
obtained via conventional plasma fractionation methodology. The hyperimmune globulin

25 would be administered to another subject in order to impart resistance against or treat
staphylococcal infection. Hyperimmune globulins of the invention are particularly useful for
treatment or prevention of staphylococcal disease in infants, immune compromised
individuals or where treatment is required and there is no time for the individual to
produce antibodies in response to vaccination.

30
An additional aspect of the invention 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
invention, which could be used to treat or prevent infection by Gram positive bacteria,

35 . preferably staphylococci, more preferably S. aureus or S. epidermidis.
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5'CCCAAGCTTTTACTOTGGAATTGGTICAATTIC-3!
FribpA5'--CGCGEADGBAGACAAACAACTGCAACTAACG-3'and FCCCAABSEbidos/o10184
ATGCTTTGTGATTOTTITTCAAACS' 20 Sbi5' -CGCG GATCCAACACO
CAACAAACTTC-31and 5GGMCTGCAGTTATTICCAGAATGATAATAAATTAC-3'
SdrC5-CG030 A Ry aRERAEA T RIS TS CATR I EI T estons Aajibgies that can be whole

ATGTTTOTTCihIGoHRBMASE @By class e.g. IgG, IgM, IgA, IgD or IgE, chimeric antibodies or hybrid

SArG5P-CCCGRALGE G @W T&%E%%rﬁ@ﬁq 2P the invention. They may also be
FCCCAAGCTTTIATTCGTC ATA%TA CCG-3

Ebh5-AAINACTERSFES A ACDACERCERE R 204 fig like including hybrid fragments.

61AAAAGTACTCACTTGATTCATCGCTTCAG-3'
Ma5-GCGEIGCCATGGCACAAC-CTICTACACAACATAC-Band
5GCGCGCTC2iBAT GOHakBAADGCIATAGTRABEA 830l known in the art and can include the

5aAS1-GOAT AT GOGRRAICAE ARG CAC GAART A GRIIRATA AR S8 dos

5-AGCACTCG CAAGCACCTAAAC
HarA&-OC AG@P?R?@@ %ﬁ}%& RORCREA; E@ i.ane 1988). Alternatively, monoclonal Fv
5T|TTCTCGA@WHA@¢PPT@WMGW@%@@MW phage display library (Vaughan TJ et

glucosaminidasefioS NAGE BLlebiHaty 16 ABGH) GloNSoRtAARIDI G AMaBbs Budishised or part
SCCAGTCTCGHGLILACH) RiOWA HlhBRTTC-3:

Methods

15 The invention also encompasses method of making the immunogenic compositions and
vaccines of the invention.

A preferred process of the invention, is a method to make a vaccine comprising the steps
of mixing antigens to make the immunogenic composition of the invention and adding a
20  pharmaceutically acceptable excipient.

Methods of treatment

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

This immunogenic composition or vaccine of the invention is particularly advantageous to
use in cases of elective surgery. Such patients will know the date of surgery in advance
and could be inoculated in advance. Since it is not know whether the patient will be

30 exposed to S.aureus or S. epidermidis infection, it is preferred to inoculate with a vaccine
of the invention that protects against both, as described above. Preferably adults over 16
awaiting elective surgery are treated with the immunogenic compositions and vaccines of
the invention,

35 Itis also advantageous to inoculate health care workers with the vaccine of the invention.

The vaccine preparations of the present invention may be used to protect or treat a
mammal susceptible to infection, by means of administering said vaccine via systemic or
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WO 2006/032472PCPEP20057010184 Autolysin
amidase51-AGGIGAdAIFSCTTATACTGITACTAAACC-3 and
SGCGCCICGAGIIATATTGTGGGATGTCG-3'
isclA5'-CAAGICCCATGGCAACAGAAGC1ACGAACGCAAC-3'and
51ACCAGICTOGABIT AARCTHRST i alipmG Bay include injection via the intramuscular,

IsdB51-TATIGHdpérdal 1sbAGa il G SubAtdadoid bodkanddbiia mucosal administration to the
GAAOCCATGG C T AACAGGTGQ-3'
MPH5J-OATTR@E&?@%GH%%&?%&%%&%%&and
51AGGIGTCTCGAGTGCGATTGTAGCTTCATT-3' 10 The PCP. products were first
introduced intqitkeapGUBt\4- Antigering eadtonthioydgen Jsusiitgiddpt b aoctevl wbith, indeursimy
to the manufaghiiers RRBYREARSpdINE WIRBNCIIMAEANSIVEIYARE3FECS TRGBRE dthiRés.
cloning into an expressio \/_T:gtor. Transformants %ontalnlnﬁ the DNA mslert Wire :dEIeﬁteﬁd b
restriction enz§f‘r‘f«t,'1O AMGRL IR ARG DGR Wb B RS PR ST OWAES R A9,
by agarose gek giesszofeido s pidieio CBhtaniard Hee Ineacinesvalb dtaiealiy SEAN THsEebaéfe r)| QORGA
fragments We'\r[s%éf&wa%-@dm,Woﬁwg/mrymﬁﬁsrrgﬁa@'@&tr% gresinaan cihidiumauemids:
A molecular size standard

staining. AD Kb ladder, Life Techridogies) was electrophoresed

in paralldCwitPasE fasesyihprserHRe Gad Ui ed & BeRISRAHLCIPET HIESBIPIRIGANGR1-50
Plasmid purifieg, fresfersigctet- trapsfasmetits foreachoclonirgas theferabiguantialydigetied
to completion Zr%egHPTﬁygpéfB%%raﬁsmf&% Gy BE S ASHRIALE deth rd SRRV ARG

PCT/EP2005/010184

(Life Technologies). T ested DNA fragment was then purified using silica gel-based spin
columns prior $BRGERIOR with RREMPREPS BB - 8P PRASASd NC RIS Bf ELTP P}%Wagarﬂem%
AM, IsdA, isdSattanaipA|l-aibjelds enayl-togvs arnier Maverak bdostes damigtsetionssiadetvately
PET24d plasmidbansl cloning of CIfA, SdrC, SdrE, EnbpA, SdrG/Fbe, alpha 25toxin and Sbi
were carried out using the pC)E-30 plasmid. B: Production of expression vector. To prepare
the expression 'pies/mid pET24d or pQE30 for ligation, it was similarly digested to completion
with appropriatéheuahicteMasargmethanrappibirieriien mayde adminstareder $80He  digested
fragments to thgnpreRiRA YEGI® H¥sAHLsPA i MO BaNhdRRIHYmIGorieaciosmbaianaatd tRD pi
ligation reaction (-16C, -16 hoyr, i I in i using
12 DA s I N e e e

used to #8nsfEPMeLA MYisREYSARYS the epidermis. nderneath this epidermis is'a layer called the
dermis, which in turn overlays the subcutaneous tissue. Researchers have shown that

injection of a vaccine into the skin, and in particular the dermis, stimulates an immune
response, which may also be associated with a number of additional advantages.
Intradermal vaccination with the vaccines described herein forms a preferred feature of

25 the present invention.

The conventional technique of intradermal injection, the “mantoux procedure”, comprises
steps of cleaning the skin, and then stretching with one hand, and with the bevel of a
narrow gauge needle (26-31 gauge) facing upwards the needle is inserted at an angie of

30 between 10-15°. Once the bevel of the needle is inserted, the barrel of the needle is
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.
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E3T21::DE3 eiectro-competent cells according to methods well known in the art Foliowing 35
a -2-3 hour outgrgwihsieesiesd at 37C in -1.0 ml of LB broth, transformed cellsiygis Rlaigsian
LB agar plates containing ampicillin (100 pglint) and/or kanamycin (30pgim1). WO
2006/032472PCTIEP2005/010184 Antibiotics were included in the selection. Plates were
incubated oveMfighfeaeatc fsvices Hithrare saraticalhagmisnadRcsrnitsiendiaidiaesativitho or
sterile toothpicksmasdhessithtoaleaickri tesctibait; for sidntbla pie/ dante ptriesissdireWas 99/34,850
LB Ap/ Kan brafly eigtypeoBoin 88 pRigh piaies~ae\ s Hatbisalyee HEIFacH Rats®1/13977;

overnight at 37C in either a 5 standard incubator (A;Iates) ora shaki&c}; water batg. A y%]%ol%
cell-based Pcwaﬁﬁ%gwgéﬁa%@% t ﬁ?&?th 4 ahefbir EoReiHed 4h DN njs ?’t,
Here, the 51,0W8 oveaRght UB AR ERTbEDARBEWES fran6ferie ) 058351/, pEHpriBydehe
tube and the agds sglle®ed bysentsgations & BackemnnugicioneéEiIged-34Md0,8020M0S

temperature, - o) T el pelletw. ?}%end in.- sterile water and a 1
-10p1 aliquot é‘ééﬁ ‘t%é(‘r(%%f%sg&%%’l ‘&r%)als\?cl) ume %ﬁ%eﬁ%&%ﬁaﬁtﬁg%\fﬁ %Fv%g% a??d
reverse amplifflERRSRIASFENISIFEIGN PATTS R BPR RIPRAGHIZNE prRa § fide aoaveRfionalipiegsi
ensure thermaindisr¢aliesy) of doacbackesiglatits Bﬂﬁbﬂbemﬂié«lv_ Gf @mnﬂeb@éba(vm\ ABI7hEIGedr
9700 thefmal gyglefAnd ,%a’%&gwﬁot@msamlW@rgaﬁi@g@;%?%ﬁawearfafuﬁe Iglﬁrfgéecof"tlﬁé"% in

55-58C, 45sec, 72C, 1min., were used to amplify the BA 03 15 fragment from the lyse
transformant éﬁ[ﬁﬁ\ﬁ@?@bﬁbmﬁﬂﬁcmﬁgﬂ RREAYB8E038H 1 Ay ?%%Ké reaction was

analyzed by agarose gel electrophoresis (0.8 % agarose In a Tris-acetate-EDTA (TAE)

buffer). DNA fieganants wesmed 1alsastdaidd hiliann alionoabie caaliest@pd de iRk more

ethidium bromldgcﬁ}glwlnﬁfﬁ [glgé mo (tancular SJze.standiird ﬁl Iafdder LlljuecTe(fhnololglnej\g)of

was electroph%?ese i baranel With thé 'tes Cscénr%;') s And'as 28 lSed B8 esﬂlr%raltg the Size of

the PCR1prodbeteenahsidrd-intg angtedticed the expected size PCR product were
identified as strains containing a protein expression construct. Expression plasmid containing

strains were t e . In ible. ress] I ' rotein..25 C:..

Eprossion A0 e A B B ey ey oot eion ey
(-1.0 ml) was Rfo QR MiGoRvER aRTle ARMined® iRk MR CoBmARCINSsAFREFPYY R
and was growHateyérCitvisth featkingf (sRB®rimrpdertitaheacciliasd tar kidifprneastion 0@yl “fv

-0.5, i.e.3pid-lggsghage i) aRRLeiR Anticsnd-fh MO §ds ALALSINER @ RNRERKEBRI BRI iR Tas
the culture (-12.5 ml) was transferred to a second 125 ml flask and expression of recombinant
protein inducetiiByPih® hiriitg orasaredi BIvCstok ’b%ﬂﬁ?@d%dst{é‘?if%b(%ﬁ‘é?t’@ﬂﬁw@ﬁ@@bly
final concentratajugftdd) miijehscubatienpoésethithiad Parge rd wcet urd aah pralercdly telvees

continued for 6.'?)???&?3?' dfb&?é’éécﬂ%&&é’?’%s haking. Samples (-1.0 ml) of both induced
cult we

and non-induced 3 es e removed after the induction period and the cells collected
by centrifugation in a microcentrifuge at room temperature for -3 minutes. Individual cell
pellets wasre 58s used herein, the term “intradermal delivery” means delivery of the vaccine to the region

of the dermis in the skin. However, the vaccine will not necessarily be located exclusively
in the dermis. The dermis is the layer in the skin located between about 1.0 and about 2.0
mm from the surface in human skin, but there is a certain amount of variation between
individuals and in different parts of the body. In general, it can be expected to reach the

30 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.
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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WO 20061'032472PCDEP2005/010184 suspended in -50p1 of sterile water, then mixed with
an equal volumg P AXLagmelli SDS-PAGE sample buffer containing 2-meseapiogtianak.and

placed in boiling water bath for -3 min to denature protein. Equal volumes (-15pl) of both the
crude IPTC-induced and the non-induced cell lysates were loaded onto duplicate 12%
Tris/glycine ti pofyefersdamiagednmei thiek iMititigalsisNavexthddedhdquesshiinrd or treating
non-induced IyaagyRABYRIG TTEEHBEHP CliEBBO WRRRSiPPAHICEWY I RN thytemtamoGiglt
markers (SeeRligJ¥aue ¥} vadaiccaMeiRnabs nditiansisinga sigrdard SDSITrisiglycine
running buffer (13toRad). Following electrophoresis, one gel was stained with comrnassie

brilliant blpe Iﬂ%ép (%953@1?0% mﬁﬂ ql%skagqu o Wg\ﬁgén%g%%ﬁ'eg%lnduuble 10

protein(s) The second gel was e ectroblot onto a 45 micron pore size,
Novex) for -2 hi 4 C u B ad Minj-Praotean |l blottin aratus and Towbi

methanol (20 b %uﬂ "Ehé%f?ﬁ@t# fﬁ% 'HYSH%BFhﬁea é'rgﬁ QF 'mmﬂk‘tﬁlf?&{?o??m%%m
performed ac@rdif 'fH?ﬂ%?HoH‘s &N maBYATH bR - RABRO Bnéﬁaé TR@5 ffygation of
antibodly, folloﬁmhl%(‘&‘é‘ébm?ﬂbﬁft dirRrpRoDSEeER I BRRH EW@&@&F@B"M"P@FPR‘F"‘ er),

were usdd to confirm the expression and identity of the recombinant protein. Visualization of
the anti-His arfiileddynesiativgquatieaniniedicrt wiesarobaseg itnivacsABadihy Sldtike suibatfateSor
using Hyperfilephétimitie Aamergitizen chepylocobvesceraisssysteahle? OE ety 2infRaidaction of
Recombinant RepipigidaagtedalsiraimAnraesimbinant expression strain of E. col! M15(pREP4)
containing a plasrrid (pQE30) or BL21::DE3 containing piasmid pET24d encoding

staphyloggocatiy el wamABHdo RS calmaRRRIBUGealiar afseembinastAaieiR

25 Media The fermentatlo or th roq,uctlo ofr meln rot el cons |st
of 2X YT brotﬁo(BeffE’B [f}afn'%séliffﬁﬁf %E&S 107orP3% 'Sngt;'/ v Sl%}foam Wasoaa Td

medium for thesfeedtyatorime s aiang&ntifoam 204, Sigma). To |nduce expression of the
30recombinant protein, IPTG (Isopropyl 3-D- Thiogalactopyranoside) was added to the

e oo e A0 45 SRR SRR RO

WO 209%.03
Yy reference ereln

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

25

55



IPIG was added at a final concentration of 1mM and the culture was grown for 4 additional

hours. The cultyg Yygsodagn centrifuged at 6,000 rpm for 10 minutes and the-peHehWASo1s4
resuspended in phosphate buffer (50mM K2HPO4, KH2PO4 pH 7) including a protease

inhibior cocktail, This sample was subjected to French pressure lysis using 1500 S bar
pressure ( 2 rueXamidesentrifugation for 30 minutes at 15,000 rpm, the supernatant was
reserved for further purification and Neel was added to 0.5M. The sample was then loaded on

a Ni-NTA resingRélmiplés 100bmatructioarsn ReiemNitdFbkasi REmasindigandigiased in 50mM

K2HPO4, KI-12P0O4 pH 7. After loading the sample, the column was washed with Buffer A
(0.2M NaH2P0O4 pH7, 0.3M NaCl, 10% glycerol). To elute bound protein, a step 10 gradient
vvs used ﬁher&ﬁ@l@-ﬁt proportions of buffer B (0.2M NaH2PO4 pH7, 0.3M NacCl, 10%
glycerol and 2@@privpiiatidaredticivere sitde detwbaéied Aihe pigpurtdentidebuffpedfiwaddr the
gradually increagefl fsesackP Yeke 1QenitRlekiRISCATIABnRYGHAACINR BRIVA0 IR TR REQISIN
were pooled, concentrated and di § d g%?'élgbo.og%\g KHZOI?(I)#/KZIHIEO4 H?. %15!;/| NaGl.
15 This metho& REELEE ?g%'uﬁ’ ?r , sﬁﬁ, Isaé&a,’1 ari, ,&ﬂ-gquceoesx e ana afﬁﬁ'gn
toxin. Under defeieifisentabonis (490 sfininchaatrerabniaeal BimbleAEHBRNGTEMM and the
culture wag grown for 4 additional hours. The culture was then centrifuged at 6,000 rpm for 10

mintes and theng}q TS I%nded in phosphate buffer (50mM K2HPO4, KH2PO4 pH 7)
including a protea e%?ili{)r co§<téil. This sample was subjected to French pressure lysis

using 1509 baf st 2 Tuns) SARECEITAGEIPIOT S0 FHAESAR 1! H00205 3the palldt
was 25 washef QOAAGCPhatANUTTES AT TINMITUTER G-Ae sample was centrifuged for 30

8"2‘5@%15030.‘*25%”;%‘“@ "e”et“‘w@%@"‘e‘f@@é@a@ﬁéﬁ"@%“Tf“"""‘ml N atuged e
. ris-Hel p nd ke r re. The sample was centrifuged fro
20 minutés at T éa-lrnﬁ)j ?ﬁé&%&%&%&ﬁs I §6 ed for further purification, The
sample was th€ifoaded on a Ni-NFAGEHSOIRIBTTIMATRGTMACTAGGIMAFCrésin 30 and
Qiagen) COT%@F@A{}@@TW@%NAN?MQWB’O-MM Tris-Hcl pH8, After
passsage of the floythrough, the colu \V Q%qf Urea,
0.1MNaH2POrEnB?%({/I NaCl, 0.01M r@?%%%r ' regﬁ,/%.l l\é\ﬁi‘—l%%ﬁ 0.5 B
Nadi, 0,011',1 ﬁ‘ﬁ&%‘é%’j}'ﬁ&ﬁ@@@ﬁﬁ T TMNG 4 0.5M NaCl, 0.01M Tris, pH
5.9) and puiffeiski (BM Urea,-0,1MNaH2BP @G OEM TCEMNACAIGCHSCANACT).CFie 35 and

recombinant PEQIeIA NEAE-IUIBAARTY IR AOMINE AHIDEWRF RS With buffer 0 and E. The
denatured, recombinant protein could be solubjlized in a sqlutio deé%i{(é% a, For this 60
WO 2006/0328#PCUEP200510 018"21'8&895@%%%9%8’%%%{’?9 GEA B urea v

successively AN @fANSTAVATERC O WBRPMEIAGTHI M Tris-HCI, pH7.1, 2M urea, OA
M NaH2PO4, @ Q&M Tris-HCI, pH 7.150cbt atinoe end QRMHOARPRENKIHP 04 PHT dng
0.15M NacCi, 0.5 ini I ify Ebh (H2 fragment), MA, SdrC,
FinbpA, g%l a %%&‘EE:'HEE Eu] ri itmﬁﬂj&éﬁgﬁa y-s%ed by SDS-PAGE. T,he results for
one protein pufified under native conditidi PRI ASIRPEAEREBFARERAAfed under and
denaturing comiippssTRSrras aresiveATeEEread@-and 4. Example 3 Preparation of
Polysaccharid PIA (PNAG) is I Aeagbohydr
2., P EEPRER AT ABRALRACE TRYPR CACRALITAcBsDoy gy

Research 338, 3-922. Type type og_sacc rides is extracted from S.aureus as
FhRA 366A

described in IM&GBREREG o185 AGCTAGA-3'
30 IsaA —~ 5-GCATCCATGGCACCATCACCATCACCACGAAGTAAACGTTGATCAAGC-3’

and 5-AGCACTCGAGTTAGAATCCCCAAGCACCTAAACC-3'

HarA - 5-GCACCCATGGCAGAAAATACAAATACTTC-3' and

5 TTTTCTCGAGCATTTTAGATTGACTAAGTTG-3'

Autolysin glucosaminidase — 5-CAAGTCCCATGGCTGAGACGACACAAGATCAAC-3'
35 and 5-CAGTCTCGAGTTTTACAGCTGTTTTTGGTTG-3
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20 Activation and coupling chemistry: Native polysaccharide is dissolved in NaCi 2M or in

water. The optiggpglyssaeeharide concentration is evaluated for all the serQiyRgS ARG 34
between 2ing/m1 and 5meni. 25From a 100 mg/ml stock solution in acetonitrile ,CDAP

(CDAPI/PS ratid:tdlgsmg/mgnRfagés added o srsopelxsaseiasifeaglotentacmauiedaer, 4ng
0,2M triethylainiRgds agees %???QA%é?é%E%ﬁ@E@é' n pH (pH 8,5-10,0). The activation
ed at this aring 2mi

of the polysaccharide is perform utes at 25'C. The carrier protein is

added to the adiffated polysaccRriA T B@ﬁ%ﬁ%@ﬁﬁ@@w&ﬁwﬁﬁﬁwaﬁo and tnel
coupling 30reat#éiCRGECTEMAG BAATE SPETACEH TachBaardaen, the reaction is quenched

[ [ [ | ' ified by ge|
with glycing fongiminutes at g&&ﬁgﬁgr&&g%‘ GEJ?,EI'__ QU4 %‘Tﬁﬁ% ¢ puri J) L
filtration using a Se.phacryl 500HR gel filtration co umn%Eeqw |%ratec9fW|t .gM Naét® wo
2006;032472P%+ﬁ§%’3f5é@5@% TEMEAYNBASETIEFrstein contents of the eluted

fractions are d&Bftilined ;Pie conjugaiesATa pOAECRaBLEIEMia\Bitre A aBceARRRM Sterilizipg

membrane. The/Rs#Renteireerbdba FRsiMAaLS-praRaations are determined.
5Characterisation:, Each conjugate is characterised for protein and polysaccharide content,

The polysaccharide content is measured by the Resorcinol test and the protein cqntent by the
Lowry lestOThd liaP B8 medpstropere filst dteduniedthioytihe Eild- Didbepnesotiatinagedusing
A v oimihgmadie U A L A A
[ es a cyay| ' charide and. DV - -

Iborated. The ronua) DA S8 RIS T SR s e R oreigpedamiprmans
validated at GE¥1ABRE e, JANA deRaridessenselected) bYheestdelipol psayotearidelsunteitioning
conjugates keploastitrorastetenl alidays oft Biét icdpsarmaseshanhe s agaRa Y blataspratistis

incubatiofwithozsopraigiratd ppgiessand st iod AR YRIRINONEAN ey orzed by

trifugation. 20.An a-PS/a-PS ELISA is used for the guantification of free polysacc
the supernatai, IHBIREE RISEHELAFSEARO AR R AOBHEB PR s cAmmb s mebeculr

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 Sbi were carried out using the pQE-30 plasmid.

B: Production of expression vector.

To prepare the expression plasmid pET24d or PQE-30 for ligation, it was similarly
digested to completion with appropriate restriction enzymes. An approximately 5-fold
30 molar excess of the digested fragments to the prepared vector was used to program the
ligation reaction. A standard ~20 il 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 ul) was used to transform M15(pREP4) or
BT21::DE3 electro-competent cells according to methods well known in the art. Following
35 a ~2-3 hour outgrowth period at 37°C in ~1.0 ml of LB broth, transformed cells were
plated on LB agar plates containing ampicillin (100 pg/ml) and/or kanamycin (30pg/mi).
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Example 4 Formulation 25 Adjuvant compositions Protein, either individually or together, from

the above exampiasigayde formulated with the staphylococcal polysacchggidg sRaRinaiien
and as adjuvant, the formulation may comprise a mixture of 3 de -0-acylated monophosphoryl

lipid A (3D4IPL) and aluminium 30 gydroxrde or of 3 de -O-acylated monophosphor [ lipid A
(3D-MPL) and 2ltiRistieh1piroepHdee v fhesainrtionfirseue e Bistibaiem oveayobliAkA(SE for ~16
emulsion, and bptisnhallydiddmi|aeRl KeitR clutdakiewére rpidkiediviiimssalialobmpuiaianablysed to

aluminium phogphigteinocuidfe M%mahs;msalbr&es@wms'% %fm&mprzb/ﬁar&n%rrme
(LPS) of the G % Fi %)acte a} Imonella minnespta.
2006/032472P%%3 d%gfﬁ d’i rﬁ ARRIREE Sek %?M&&d?%‘é?&%ﬁl@é%%[l&ﬂﬂe%wbﬁ)mﬁ&
3D-MPL c8mbhieedaitHngakaios Wtiesles stebalghgavitertsss. Hotthotechltrsrl BER arBhidisyes
gf cgllulaé immum,brbﬁlﬁ?d demmsﬂm@ﬁmgﬁedﬁﬁm@@rmemﬁraﬁsm thﬁé}%t; kigd the o mi
uibojo >apo a stro uvant activt ctivates
Q)%ﬂw L@A ‘?Eaé{vﬁ&ﬂ gﬂ w QNS % ea@ﬂt II“Q%}I cﬁ ogg?e{ral uﬁ:& Sﬂd the

antigen-specific | oprol iferation an 6 Several antigens
antigen of the nt?SPFE'T?ﬁtaPY n@egrﬂf“ﬂﬂ_"&nlﬂ‘ afinBeREYyHE pF@'E@%"‘Wf UiRal b uBiManaen
to that describ&apevde3/4 97,8000t §2 TEIE. fENE wae iopetsipdifiorpood af &M B gicals

have demgnstiaigg| aiglRAnLS¥A% %&ﬁ%ﬁléﬁp‘?ﬂﬂawmm%ék%@aéﬂﬁﬂr%@a@ﬁ&%&ﬂn%‘ﬁmm

Induction of both him-lora! an e cellul mmune re onses. Vaccines containin
antigen such anq(gI Vg'gfea?ﬁ%ojé'ﬁﬁeod’ F?r 8"%7 Tﬁ 3) 8%H SARRLTEI UhRiRB OVARiggTpase fo's

composed of 27ilstes tocopwerdicamd! sipraidiae ofahe bidtBigl colitaindniiparatencBdlasmid DNA,
emulsifier. TheAﬂmsﬂmmmlmﬂwwﬁ%%%d&&@ﬁh@@%&ﬁ%e?ﬁﬁ@%ﬁﬂr@é%ﬁﬁﬂ)ﬂ@

average particis ~ggCl J80AMANG I8 Kaeup a7 § e W2 L 17%%@?@%“%%38203

performed at GSK oglca s have prdven ?ﬁ'at UNEHON Of this ion't
MPL/052%fu rtﬁegfrrrdrefa%@sﬂrﬁérﬁﬁﬁﬁﬁ%ﬂﬁﬁ%frrﬁmaﬁamlsgeﬁ@@wmemﬁaﬁ@}rﬁmrﬁamnaml

(2 fold concenslifedt b denréitiissokvedyirep hgsphatedyélasediaphiortRRG BI% Giyerasdth a
solution in theﬂ%Pee%atZ%Bﬁwmé%ﬁawma'ﬂ }? 9@1}4\'@8@ ﬁg&f @VMJ%HQT fror

tocopherol and mlo squalene are vortexed to mlxt orou 90m1 of PBSitween so

is added and ﬂ%(gbeft“mp G 2FA S RISy RyERidla Stafniagn Wﬂ‘r\lﬁhﬂﬁeas%&e(éﬁ@
finally microfluriidet bifeuBishrafodits) @S mmmwsedmbmelleTMhewr@sgsﬁr@rwm was

have a sie of aparaxinalektd 3R:NEke3BrEXaMHIR Sphnineal. eXPeHEASHants that produced the
expected size PCR product were identified as strains containing a protein expression
construct. Expression plasmid containing strains were then analyzed for the inducible

expression of recombinant protein.

25
C: Expression Analysis of PCR-Positive Transformants.
An aliquot of the overnight seed culture (~1.0 ml) was inoculated into a 125 ml erlenmeyer
flask containing ~25 ml of LB Ap/Kan broth and was grown at 37 °C with shaking (~250
rpm) until the culture turbidity reached 0.D.600 of ~0.5, i.e. mid-log phase (usually about
30 1.5-2.0 hours). At this time approximately half of the culture (~12.5 ml) was transferred
to a second 125 ml flask and expression of recombinant protein induced by the addition of
IPTG (1.0 M stock prepared in sterile water, Sigma) to a final concentration of 1.0 mM.
Incubation of both the IPTG-induced and non-induced cultures continued for an additional
~4 hours at 37 °C with shaking. Samples (~1.0 ml) of both induced and non-induced
35  cultures were removed after the induction period and the cells collected by centrifugation
in a microcentrifuge at room temperature for ~3 minutes. Individual cell pellets were
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Female CD-1 mice, 8 to 10 weeks old, are obtained from Charles River Laboratories,

35Kingston, Magghlosihality studies, five groups of 9 to 11 CD-1 mice ajg-¢haiehdfithsq
intraperitoneally (i.p.) with serial dilutions of S. aureus grown on GSA plates. The inocular 63

WO 2006/032472PCTTEP2005/010184 sizes range from -1018 to 108 CF1llimouse. Mortality
is assessed ofYERRIIAEA RIS F0HI30f aissila MetB0othRstHAKEE SEi&h (BT 184! ixistif afetiblagsinli
a probit modelsysirAGES earasanSRIIGtanTYR-herMmitidiypaihasts mheamoninde8svash
tested by the likeli rati al aJS.igH| lenqi L

1o 20 mice by oo & s B S S s B S R e
-2 x 107 cPURbulE. ARBiIHHHERHatsh JEAirse VU edrAnPREs dRlisRR fléth tHasabsine
specified imegohadryirniskctstdmantetheds Biei-gstanbiyed)y dbarndatiee pidtearandiused lysate

pe_rformed in digphioate Rary Y&E&%&S_?éom?déétmﬁhvﬁ% %@ﬁ&n@@o%&ﬁﬁﬁ'&n VAHNSABrkers
Mlcroblologyg steép%). tatlsilcal ignificance is determined with the Welch g$ ﬁatl?n 100f
the unpaired %ﬁ%ntus 't (el B aurﬂi?g g‘tﬁ%ﬂg\pﬂ%gﬁ?ﬁ&%sgyuﬁ'f‘ﬁeﬁeﬁtﬁﬁﬂcf ré{,nb\n | 0(587 glycine
Responses in Ynovishbvfier {BieRadreRelistwingor!egtoainisaigicnecitiavasappiprit wilbaommassie
polysaccharidedianamllbERISA. (Bidethy) patiticdrapsstainpaltsacrhalide sd@m IRTCGducible
(Rockvillg, kid C ' f i igh

o KidpRERR) ?fﬁﬁué’&‘&%nc 3y gg?@a%gémwa brspbals &elpretherling @b i bore

binding microtitre plates axisorp) overnight at 4 C. The plates are blocked wi

fotal calf SeruFECBYSOHELF 2y B, DekuiIoG A AR 2 W RAeisRR L P Ria R BTl and
cell-wall polys#@ochar'id eéBiateh$28eve)niranstiutey@opeBloakjeg ) dritiel 0¥ atambrntibody

(ngt?rgpfrat?rl‘?ngfbgﬁbHQ%Pes _ﬁH&@%ﬁ&&Heq@éﬁS@ﬁ%ﬁ(}ime&eqngm?gaanplt@srﬁsﬁ&txsnan
lutea two-10 Icroplale | 0 in , ain uliprated at roo emperatu

for 1 hour Withag%%;(%%m }&Eé)e?@a%&#é‘%’é%n%&%;%?%@a@eb%%ﬁﬂl Sratec ﬁﬂﬁbﬁrg o&qa?éjgé% edfo
labelled &iti-hORRAMASED. e cisefhitarrasdy (hirerasssiP asdridertiyseldhaficeeapinant
diluted 1:40000katd(%0 isBlitraiR 2 ftielahfHisbrEpod e BHeava tpaaenitvaDargitadarustaesither

ELISA is performe m ra ing.Ja I feTelC] toq%s A
peroxidase-co%]%ggtégq Aﬁﬁr%@’gj?e élo%agihgt%r{ti-%)gt qu%ﬁ)éll L??éo@l@hlm%-ow) é? equahggb ‘Ff?el'
titration curveSHHBIIETINEREGSYSHEAUard sera for each serotype using logistic log
comparison by SoftMax Pro. The polysaccharide concentrations used to coat the ELISA plate

are 10-29,00/1g)hile°910p {5 ¥Rl BE R&tAhth T AH5{disSIama) per 10
Bacterial strain
A recombinant expression strain of E. coli M15(pREP4) containing a plasmid (pQE30) or
BL21::DE3 containing plasmid pET24d encoding staphylococcal protein was used to
produce cell mass for purification of recombinant protein.

25
Media
The fermentation medium used for the production of recombinant protein consisted of 2X
YT broth (Difco) containing 100ug/ml Ap and/or 30 pg/ml Km. Antifoam was added to
medium for the fermentor at 0.25 mi/L (Antifoam 204, Sigma). To induce expression of the
30 recombinant protein, IPTG (Isopropyl R-D-Thiogalactopyranoside) was added to the

fermentor (1 mM, final).

Production of recombinant proteins

35 Under native conditions

59



30ml pH 4.5 0.1M citrate buffer with 14 or H202 for 15 minutes in the dark at room
temperature. TR HRggtina-s stopped with 50 IA HCI, and the optical densipycispadahFaq nm
relative to 650 nm. IgG concentrations are determined by reference of titration points to the
calibration curve modeled using a 4-parameter logistic log equation calculated by SoftMax Pro
software. WO'B0G6m22998sCeieP Soalsronearetione of LIS @ hdhaurdtuie WRRigeomndieats
loG to the stapitditicoathbpslyTaechividesss tisémitanititiyddeafd)oodngrexeeplionsutiacks® e

ImmunoLabor i i ' in - + s
AffiniPure 603“5’%%‘?%%‘*6%?: Hﬁozﬁggi\,%9?532%?5%@52?&@&2&*&%é“.’*%%%é%%ﬁk@@‘f?sa
S ifi

equally with hGRTSFEhE IFERR Y SRR TR BEPPSHTR sy sing 1500
antiserum? Th&3rBiesauR (SAUsDeMftrhsedtsivoltioy for Slerpolysaetnande BiSiheveitipdmatant
follovvling mocéﬁaat&ega;wmpf@;ma &ﬁﬂ%@?ﬁ@ﬁﬁ%ﬁ@&@&&@!%ﬁdgﬁ%e&%ﬁﬁr% then
sampiles are | 3 n oela serum an Q vinyl alconol. .
mound Tonmia e o IR A BACH R S e R e e monea
purified antibodSMY HéhER49 8RR riteh After leading thessamrier bpselvophugesasissg with
assay. 15 TheHnffeitrd (EpaidrittRRODEpIdBIO BilingOf, 3 Wk igiysehy) Tuonane BHING bR Geasp

leykocytgg (P i f ' i .at al f ;

Human PMNSM'%r‘él)%}rﬁ%B\%rr %%Wﬁ%gﬁﬁfgggp gllac%g '?5@%8%%%%&'%&@%58@”
The opsonic rg%g'oﬁ r@)&if?@r({n ﬁﬂ?@&ﬁfﬁ%ém%@h@m%aﬁ% I1Q ufiehAuilipg proportion of
supplementedouffer FOwah iRty ierdaesdl foatf 6Pty 100% CARRéopSifmatens eanedOb&@mil
of the test sergphtainigs EHePBratan. e fisyRYNiIZeAdaRRile3e R iSRRI ASR M YD 02M

control, and 0 f [trynune, rabhit serum was used as a complete source for the Ige
QL AUBIIE L@@g?gé“

samples. The reaction mixtures aré inc at 37C, and bacterial samples are transferred
at 0, 60, %hd 120 min into water and subsequently diluted, spread on tryptic soy agar plates,
and incubatedrais3n&iod bhastestal LopmifRiBRANBErGIgBHRDISBINA4IGN AeNBESiNe and alpha
immunogenicigy @f staphylococcal proteins in mice and rabbits 30 Animals were immunized
with purified staphylococcal proteins in order to generate hyper- immune sera. Mice were

Immunized three times (days 0, 14 and 28) with 10 pg of each
Under denaturing conditions

20 IPTG was added at a final concentration of 1mM and the culture was grown for 4
additional hours. The culture was then centrifuged at 6,000 rpm for 10 mintes and the
pellet was resuspended in phosphate buffer (50mM K2HPO4, KH2PO4 pH 7) including a
protease inhibior cocktail. This sample was subjected to French pressure lysis using 1500
bar pressure ( 2 runs). After centrifugation for 30 minutes at 15,000 rpm, the pellet was

25 washed with phosphate buffer including 1M urea. The sample was centrifuged for 30 mins
at 15000rpm and the pellet was resuspended in 8M urea, 0.1M NaH2PO4, 0.5M NaCl,
0.01M Tris-Hcl pH8 and kept overnight at room temperature. The sample was centrifuged
fro 20 minutes at 15000rpm and the supernatant was collected for further purification. The
sample was then loaded on a Ni-NTA resin (XK 16 column Pharmacia, Ni-NTA resin

30  Qiagen) conditioned in 8M urea, 0.1M NaH2PO4, 0.5M NaCl, 0.01M Tris-Hcl pH8. After
passsage of the flowthrough, the column was washed succesively with buffer A (8M Urea,
0.1MNaH2PO4, 0,5M NaCl, 0.01M Tris, pH 8.0), buffer C (8M Urea, 0.1MNaH2P04, 0.5M
NaCl, 0.01M Tris, pH 6.3), buffer D (8M Urea, 0.1MNaH2PO4, 0.5M NaCl, 0.01M Tris, pH
5.9) and buffer E (8M Urea, 0.1tMNaH2PO4, 0.5M NaCl, 0.01M Tris, pH 4.5). The

35 recombinant protein was eluted from the column during washes with buffer D and E. The
denatured, recombinant protein could be solubilized in a solutioh devoid of urea. For this
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proteins adjuvanted in Specol. Rabbits were immunized three times (days 0, 21 and 42) WO
2006/032472P&N3¢03248,0 0184 With 20 pg of each proteins adjuvanfed in-SReSshs/Hgdsne
sera were collected and evaluated in anti-protein and anti-killed whole cells ELISA.
Anti-Protein ELISA: The purified protein was coated at 1 ugirril in phosphate buffered saline
(PBS) on high ey AeRFLITES HRIRYS SRIAESN XY Bieaversighteasa v HighrdegiiasedM
blocked with PB&BEAMNEZHOA 30.0n1M aitiRHGitpHltatddhurehetdskiskatIBe 4y tideTridikbsd
1/1000 and ingybpted 8 QR BRE GHIAKHEROMAIBROEAYON oARRT MRS 2SIRSe.
murine 10 or rabbit antibody was detected using Jackson Immune)Laboratories Inc. '
peroxidaseconjugated affiniPure Goat Anti-Mouse IgG (H-I-L) (ref: 115-035-003) or AffiniPure
Goat Anti“Rabbnis g@t{iad Mag esetiRFO0R) i (i2dtrdnBatl A BRIG Fan B0 Svh. Athemidase
detection antikpdiggayere incubated for 30 min, at room temperature with agitation. The color
was developed using 4 mg OPD (Sigma) + 5 pl H202 per 10 ml pH 4.5 0.1M citrate 15 buffer
for 15 minutes_in the dark at room temperature. The reaction was stopped with 50 pi HCI, and
the optical derSIf/RYElerIataing KR FiPREIERAE RY BBE-RACE N 9. Festie dor precucinintietitisd
Post Il was comjraneaiite thedfidds ¢itaiaéakitdwitth the satein gilvifiod widerelémitwing sevaiticts
Results ggneraigrbydil Misenan¢irphits55g are presented in Figure 5. A good
seroconversion against each antigen was observed. Evaluation of sera directed against SBI
was impaired due to the Ig binding activity of this protein. Anti-killed whole cells &ISA: 25
Killed whole cEXaminesfreraratinteef Belyisaeabarisiesfrom S. aureus type 5 and 8 or S.
epidermidis strain Hay were coated at 20 pg/ml in phosphate buffered saline (PBS) on high
binding microtithé (RN&S)(INynepktadisergyovieedijghiatos’ & alitves,apantatiydrald Repdateshviss:
blocked tath BFBSRBSA 1% 30 min at room temperature with agitation. Protein 30 A was
neutralised by addition of 10pg/m1 of Affinity Purified Chickedn anti-ProtelnA (ICL ref:
CPA-65A-2) dityied iand Bipdvecsslyeddeiariade weskipyctas YR oo sl B dim in Infection
temperature. Bhg IRsiubtEYEs; wese. then diluted two-fold on the microplate in PBS-0.05%
from a starting dilution at 1/10 and incubated 1 hour at room temperature with agitation. After
washing2dounrdnatios aid @bahiaigibremisky: detected using Jackson 35immunoLaboralories
Inc, peroxidase-conjugated affiniPure Goat Anti-Mouse Igo (Hit) (ref: 115-035-003) or
AffiniPure Goat Anti-Rabbit 19G (H+L) (ref: 11-035-003) diluted 66 WO

2006/032472DEBE PotEEIANFIdssIs1d550eA IPERGNEMNAD D59RterhiEhactBteh RetiR6ahegde
were incubatezbrioer8thatnimis avedate tefiorzdirtke serotitbea gitatio beflee e atag masndesraippied 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 r%om emperature. The reaction was stopped with 50 pl HCI, and the gptical density
was reafat 4 E?'ﬁfr)ﬁ @pam%rqbsé% fpjution in acetonitrile ,CDAP CDAP/PS ratio:0.75 mg/mg 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

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
30 reaction is performed at the specific pH for 1 hour.

Then, the reaction is quenched with glycine for 30 minutes at 25°C and overnight at 4°C.

The conjugates are purified by gel filtration using a Sephacryl 500HR gel filtration column
35 equilibrated with 0.2M NaCl.
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It should be noted that expression levels of proteins in staphylococci will vary depending on

culture conditioqpg, shhregeipte a negative result may reflect the choice of inGRriegs Kk Fiss
conditions rather than a lack of immunogenicity. 10 The results using mice sera are shown in

Table 5 and saqme of the graphs are shown in figure 6, A weak recognition of S. aureus strain
5 is observed witfi §8%°5Yr‘gé?goaaﬁa‘?ﬁ%tﬁ§df‘€?t§%pﬂ, @Bm'%ﬂaﬁwtw.%&ﬁjﬁﬁﬁmﬂ)ﬂ@he
aureus sqtAigefFiiatiates 048 \Wwitd tardseterite dittectddoagainst Sini. Wenikitgcoghibemef SThe

epidermiclis Heg/srelegeries Wi{%l&w&@rﬁg@gﬁgﬁgﬁﬁg@mﬂ%g MRP, IsdA, isaA, Ebh,

Aaa and Sbi. A selection of results generated using rabbit sera are shown in figure_? and
summarized in_ Table 6. Very good recognition of the three strains was observed with IsaA
and 1sdB. A W%?'@Sﬂﬁﬁm’of the three stains was observed with HarA although animals
only 20receiveitaonednjepties katiractdrzadier fiesrRiecionsaesrshiey dhegiher proteins,

Table 5 Proteifh 3R ReAG R LBASREARLENSAS knRRASH A S E LA 5, i b Y

the Lowry test. The final PS/PD ratio(w/w) is determined by the ratio of the concentrations.

10 Residual DMAP content (ng/ug PS):
The activation of the polysaccharide with CDAP introduces a cyanate group in the
polysaccharide and DMAP (4-dimethylamino-pyridin) is liberated. The residual DMAP
content is determined by a specific assay developed and validated at GSK.

15  Free polysaccharide content (%):

The free polysaccharide content on conjugates kept at 4°C or stored 7 days at 37°C is
determined on the supernatant obtained after incubation with a-carrier antibodies and
saturated ammonium sulfate, followed by a centrifugation.

20
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/o-PS ELISA.

Example 4 Formulation
25
Adjuvant compositions

Protein, either individually or together, from the above examples may be formulated with
the staphylococcal polysaccharide combination and as adjuvant, the formulation may
comprise a mixture of 3 de -O-acylated monophosphoryl lipid A (3D-MPL) and aluminium

30 hydroxide, or of 3 de -O-acylated monophosphoryl lipid A (3D-MPL) and aluminium
phosphate, or 3D-MPL and/or QS21 optionally in an oil/water emulsion, and optionally
formulated with cholesterol, or aluminium salt alone, preferably aluminium phosphate.

3D-MPL: is a chemically detoxified form of the lipopolysaccharide (LPS) of the Gram-
35  negative bacteria Salmonella minnesota,
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WO 2006/032472 PCT/EP2005/010184

Experiments performed at GSK Biologicals have shown that 3D-MPL combined with
various vehicles strongly enhances both the humoral and a TH1 type of cellular immunity.

QS21: is one saponin purified from a crude extract of the bark of the Quillaja 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 invention containing 3D-MPL and alum may be
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.

An oillwater emulsion may be composed of 2 oils (a tocophero!l 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).

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

Preparation of emulsion SB62 (2 fold concentrate)

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
5ml of squalene are vortexed to mix thoroughly. 90ml 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
have a size of approximately 180 nm.

Example 5

Animal experiments.

Female CD-1 mice, 8 to 10 weeks old, are obtained from Charles River Laboratories,
Kingston, Mass. For lethality studies, five groups of 9 to 11 CD-1 mice are challenged
intraperitoneally (i.p.) with serial dilutions of S. aureus grown on CSA plates. The inocular
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LAaA ++ MRP ++ Sbi ++ ++ +++ FnbpA (+) WO 2006/032472PCT/EP20051010184
Table 6 5 ExariRi&@ds/032472 PCT/EP2005/010184
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sizes range from ~10% to 10° CFU/mouse. Mortality is assessed on a daily basis for 3
days. The 50% lethal doses (LDgos) is estimated by using a probit model of the dose-
response relationship. The null hypothesis of common LDgs was tested by the likelihood
ratio test. Sublethal bacteremia is initiated by challenging groups of 8 to 20 mice by the
intravenous (i.v.) route with ~ 2 x 10° CFU/mouse or by the i.p. route with ~ 2 x 107
CFU/mouse. After inoculation separate groups of animals are bled from the tail at
specified times, and the bacteremia levels are estimated by guantitative plate counts
performed in duplicate on tryptic soy agar plates with 5% sheep blood (Becton Dickinson
Microbiology Systems). Statistical significance is determined with the Welch modification

of the unpaired Stutent's ¢ test.

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 ug/ml in phosphate buffered saline (PBS) on high binding microtitre plates
(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 pg/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
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 I9G using Jackson ImmunoLaboratories
Inc. peroxidase-conjugated AffiniPure Goat anti-Rat IgG (H+L) (code 112-035-003) at
1:5000. The titration curves are referenced to standard sera for each serotype using
logistic log comparison by SoftMax Pro. The polysaccharide concentrations used to coat
the ELISA plate are 10-20 pg/ml. The color is developed using 4 mg OPD (Sigma) per 10
mi pH 4.5 0.1M citrate buffer with 14 pl H202 for 15 minutes in the dark at room
temperature. The reaction is stopped with 50 pl HCI, and the optical density is read at 490
nm relative to 650 nm. IgG concentrations are determined by reference of titration points
to the calibration curve modeled using a 4-parameter logistic log equation calculated by
SoftMax Pro software.
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Efficacy of combinations of staphylococcal proteins in a nasal colonization model. 10Fifteen

groups of threq9tii s yvere inoculated with combinations or eight stapleedss@liorss
antigens and five cotton rats which acted as controls were treated with no antigen. These

sixteen group %eg%?%%l ows: Group 1 -Ati-glucosamine, Atl-amidase, AAA, alpha toxin,
ScirC, Sdre, Ebh, Soi 15Gr0Gp 2 AedRibBe A, la@-Rr B st yseacadmIYSIEhSHe, Ebh,
EnbpA Group SMii-yitidesdatinvéna\exaentdase JetsanisoAundRboctatiRicMAc. a@badexdn
Group 4 - Attiglusiegatedaffitieai taAaMAA Y LIy ARhBIAVB ke AR Ry ™
alpha toxin, CIfA. S ,@g,tggagé}gr%% 6 - isﬁgA,sl(gﬁs, MA, alptlwautoxein, ClIA, J;gl‘tdII\léé @'{ﬁ')
FriboA 20 Group 7 -Atl-arninidase, s&{, I\/ﬁ§ AM, tsaA, ScirG, Ebh, EnbitA Group 8 - Control
Group 9 - Mi-qgi mige, IsdA, TARP, alpha toxin, Sat,, SdrC, Shi, FribpA 68 WO
20061032%2%%@%%’556%%%&?% "ﬁd‘-“ﬂﬁ-’bﬂﬁ@d@%?ﬁH?é?‘ﬁ@i@?b?bm%ﬂﬁf%ﬁﬁ@ti'§aA,
Sdre, SArG GH5§f PL RRAsymmMlisRieMIRP, Isde, alpha toxin, CIfA, IsaA, Ebh, Sbi Group 12 -
Atl-glucosamine, HarA, IsdB, alpha toxin, IsaA, SdrG, Ebh, FribpA Group 13 - Atl-amidase,
HarA, 1sdB, AlNesupteBAEISEH perfophed Grdiapy 4 tha ajssasamiaa Atiammidassoltaify

MRP, CIfA, Strgyifakidal 15 Atl-ami | atoxin, CITA, IsaA,
SdfcC, SdrG Gg(r)ué.ll ‘dlq bﬁeﬁ?ﬁ%é@%@ gﬂ%ﬁ@%@‘@iﬁ%ﬁ%éﬁ%ﬁ%ﬁﬁwgﬁ
contained 3pg O Each ant ShaRRangifi 4rioginAihranie ansk 010%i pebuing s lcohthi Bmup MR,
and 0$219 Th&wBRw AMEhedNés détrstrdasiootBigadifresxaasiayeniughcandR &ohitheemagriment

Two weeks aftetibaagubatiomatg effisaeeriihecApsagnisations were assessed using a nasal
colonisation assay as described in Kokai-kun et al (2003) Antimicrob.Agents.Chernother. 47,

1589-1597. 1dagsical multiple linear regression analysis was camed out on the data using
"Design
Opsonophagocytosis assay.

15 The in vitro opsonophagocytosic killing of S.aureus by human polymorphonuciear
leykocytes (PMNs) is performed as described in Xu et al 1992 Infect. Immun. 60, 1358.
Human PMNs are prepared from heparinized blood by sedimentation in 3% dextran T-
250. The opsonic reaction mixture (1 ml) contains ~ 10° PMNs in RPMI 1640 medium
supplemented with 10% heat-inactivated fetal calf serum, ~ 10° CFU of S-aureus, and 0.1

20 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 1gG samples. The reaction mixtures are incubated at 37°C, and bacterial samples
are transferred at 0, 60, and 120 min into water and subsequently diluted, spread on
tryptic soy agar plates, and incubated at 37°C for bacterial count after overnight

25  incubation,

Example 8

Immunogenicity of staphylococcal proteins in mice and rabbits

30
Animals were immunized with purified staphylococcal proteins in order to generate hyper-
immune sera. Mice were immunized three times (days 0, 14 and 28) with 10 ug of each
proteins adjuvanted in Specol. Rabbits were immunized three times (days 0, 21 and 42)
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Expert 6" software. The presence of an antigen was codeq as +1 and thg abse.nce of an
antigen by -1. Yaingdesg@yation of the model it was possible to determine,Wiich, AalIRRS
were the key antigens which produced a large decrease in the number of colonies per nose.
20 Results The results of the nasal colonisation assay are shown In Table 7. The control
group had a m&4h BYEE L AR dreteisasiuvanisdidereaeein RN slemisutiencsdettetieand
see for all 25 theaypdepinchdatowireasdrotwiatadwilt ssapByleeoccal proteins. Groups 4, 9
and 13 showed the greatest decrease In nasal colonisation with a decrease of over 2 logs in
CFU/nose. Gro _A,Zo?n,? &J‘s_o gave good results, showing a decease of about 2 logs

in CPU/nose.

-()Wowed LcRIGFUInase Predicted Lager-Moss z 1.77527
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The purified protein was coated at 1 Hg/ml in phosphate buffered saline (PBS) on high
binding microtitre plates (Nunc Méxisorp) overnight at 4° C. The plates were blocked with
PBS-BSA 1%, for 30 min at RT with agitation. The test samples were then diluted 1/1000
and incubated at room temperature for 1 hour with agitation. After washing, bound murine
or rabbit antibody was detected using Jackson ImmunoLaboratories Inc. peroxidase-
conjugated affiniPure Goat Anti-Mouse IgG (H+L) (ref: 115-035-003) or AffiniPure Goat
Anti-Rabbit 1gG (H+L) (ref: 11-035-003) diluted 1:5000 in PBS-tween 0.05%. The
detection antibodies were incubated for 30 min. at room temperature with agitation. The
color was developed using 4 mg OPD (Sigma) + 5 ul H202 per 10 ml pH 4.5 0.1M citrate
buffer for 15 minutes in the dark at room temperature. The reaction was stopped with 50
MIHCI, and the optical density was read at 490 nm relative to 650 nm.

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

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

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

Anti-killed whole cells ELISA:

Killed whole cells (heat or formaldehyde inactivated) from S. aureus type 5 and 8 or S.
epidermidis strain Hay were coated at 20 ug/ml in phosphate buffered saline (PBS) on
high binding microtitre plates (Nunc Maxisorp) overnight at 4° C with evaporation. The
plates were blocked with PBS-BSA 1% 30 min at room temperature with agitation. Protein
A was neutralised by addition of 10ug/ml of Affinity Purified Chickedn anti-ProteinA (ICL
ref. CPA-65A-2) diluted in PBS-tween 0.05% followed by incubation for 1 hour at room
temperature. The test samples were then diluted two-fold on the microplate in PBS-0.05%
from a starting dilution at 1/10 and incubated 1 hour at room temperature with agitation.
After washing, bound murine or rabbit antibody was detected using Jackson
ImmunoLaboratories Inc. peroxidase-conjugated affiniPure Goat Anti-Mouse IgG (H+L)
(ref: 115-035-003) or AffiniPure Goat Anti-Rabbit IgG (H+L) (ref: 11-035-003) diluted
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2006/032472P G| Bpg39-010184 The contribution of specific antigens wipingbaaniiga?
mix was calculated using multiple regression analysis of the nasal colonlsatlon data. The final
mdel contains the seven best anti%]ens. Results for these antigens are shown in Table 8.

Within the conteXPEP A& BBrBERT Mo % Ehistaissirarritadiganern ingroataskiod 88 reims@tinoom
nasal colonisafiempéoHuneditty dgaatioBbTHBdsGorawinlsinegipeosamine, iRBransihty) Takle
8 Effects in cliffetecoaf Inewiilgnsa. andl 161 RLETIRASRHICHNMBENEN Refl.2BLACT NS
ol A O R NE T hE HeaRoR Wk B ped wih 50 i O, andihe optical dansity was read at

5 490 nm relative to 650 nm.

It should be noted that expression levels of proteins in staphylococci will vary depending
on culture conditions. Therefore a negative result may reflect the choice of incorrect
culture conditions rather than a lack of immunogenicity.
10
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
SdrC, FnbpA, Ebh, Shi and IsaA. Recognition of S. aureus strARETE R Ued uihalg cela
the serum directed against Sbi. Weak recognition of S. epidermidis Hay is observed with
16 sera directed against Atl amidase, MRP, IsdA, IsaA, Ebh, Aaa and Sbhi.

A selection of results generated using rabbit sera are shown in figure 7 and summarized

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

Table 5
Protein name React on SA5 React on SA8 React on SE Hay
IsaA (+) (+) (+)
ClfA - (+) (+)
Atl amidase - _ o+
SdrG 5 “ i
Glucosamidase = = =
IsdA = - +4 N
Alpha toxin - . =
SrdC ++ (+) -
Ebh + " %
AaA - - T+t
MRP = - _ ++
Sbi ++ n ++ ot
FnbpA + + (+)
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Cumulative estimate ratioeffect ratio HarA 0.033
.154 14.3 Sbi Q@ 0bt:24%13. -1.645 44.2 SdrC

10

156

20

..]-0.598 -0.596 3,9 IsaA 0.046--:. | 41558

PCT/EP2005/010184

Table 6
Protein name React on SA5 React on SAS React on SE Hay
IsaA +4++ RN F++
CIfA B + ++ o+
Atl amidase = ++ +
IsdB +++ +++ 4+
SdrG + + o
Glucosamidase - - =
HarA (1 inject.) + + +
IsdA = = s
Alpha toxin - = + ]
SrdC = - -
Ebh s + -
AaA = - =
MRP = B - 4
Sbi = bt g
FnbpA - ++ ++
Example 8

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

Fifteen groups of three cotton rats were inoculated with combinations of eight
staphylococcal antigens and five cotton rats which acted as controls were treated with no
antigen. These sixteen groups are as follows:

Group 1 — Atl-glucosamine, Atl-amidase, AAA, alpha toxin, SdrC, SdrG, Ebh, Shi
Group 2 - Atl-glucosamine, Atl-amidase , IsdA, IsdB, CIfA, SdrC, Ebh, FnbpA
Group 3 - Atl-glucosamine, Atl-amidase, HarA, IsdA, MRP, IsdB, AAA, alpha toxin
Group 4 - Atl-glucosamine, HarA, IsdA, AAA, CIfA, IsaA, Ebh, Shi
Group 5 — HarA, MRP, AAA, alpha toxin, CIfA, SdrC, Ebh, FnbpA
Group 6 — IsdA, IsdB, AAA, alpha toxin, CIfA, SdrG, Sbi, FnbpA
Group 7 — Atl-aminidase, IsdA, MRP, AAA, IsaA, SdrG, Ebh, FnbpA
Group 8 ~ Control
Group 9 - Atl-glucosamine, IsdA, MRP, alpha toxin, IsaA, SdrC, Sbhi, FnbpA
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Group 10 — Atl-glucosamine, MRP, IsdB, AAA, 'leA, IsaA, SdrC, SdrG

Group 11- Atl-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, 1sdB, AAA, IsaA, SdrC, Sbi, FnbpA

Group 14 — Atl-glucosamine, Atl-amidase, HarA, MRP, CIfA, SdrG, Sbi, FnbpA
Group 15 — Atl-amidase, HarA, IsdA, 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
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
Expert 8" 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.

Resulits

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
CFU/nose. Groups 12 and 16 also gave good results, showing a decease of about 2 logs
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
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immunogenie fragments thereof selected from at least two groups of proteins or immunogenic
fragments selegigohdig/axihe following groups: Group a) at least one staphyeqaesabs/ 010184
extraceltutar component binding protein or immunogenic fragment thereof selected from the
group consistirggLSd;e,_lamin'n receptar, EhL A, ElaliB, Hastin binding protein (EhpS), EFB
(FIB), SBI, aut@ysin, CIfA, IDSAC2288¢H, Lipase GehD, Fnb/A. &iig8, Cna, CIfB, FbpA.,
Npase, IsaA/Fﬁ!s@, SsaA, EPB, |SSRaB5SSP-2, I-IBP, Vitroneciindzipgling protein, coagulase,
and MAP; 1{Group b) at legst. opgpstaphylococcal trans_p_)qt_%qggqteln or immunogenic |
fragment there@p selected from|thegygup consisting of Immy nf?%ggénant ABC IStransporter,
isdA, IsdB, MOy transporter, S ¢ ad NI ABC transporter; [p C)atteastone
staphylococcailmagmator of vir l(ar’g: Xim or immunogenicfr '
the group co 15“”9 of atphatoxi 5 i il
(RAP): wherelif atfeastone protefear immunogenic-fragmentli88&3cted from group 14, 2.
The immunog é“f@g Cgmpgsitign“r;lf-mpﬂ 1 wherein at least orHé-ﬁﬂQ&‘}n or immunogenic
fragment is selected from group a), 3. The immunogenic composition of claim 1 or 2 wherein
at least one prateircentiitstiomotyemiciffreaiigsntsisviskite tie dfitn grouUR=e) cdicliBR i AaRe
composition ofregtyssive ahalwiissf Hewaescidlahieash Qe 3PRETIN RIMTHERY SUG Rgest
is selected froam@gens. He RIS GFAYErR)-ar®-shBRA TR IGARMRRSUBASL aihe
one of clains préteRMHINSIHE MIRABOBE MAPACHLRAS RINYRIARNIGILALTICT TFATLS, GUIRUS,O-
The immunoggas AATEISHORA SEOARdN IR BLamGRMAHEINg AL gest one protein o *

immunogenic fragment from S. epidennidis, 7. The immunogenic composition of any one of
claims 1-6 further comprising a PIA polysaccharide or oligosaccharide, 108,The immunogenic

Sofspdiuby o T A R R Ay G AR el
polysaccharide Or ofigo U oY i
one of cléﬁns NS GE BB HRRRL R FOrBs DO A€ and/or Type 111 capsula
polysaccharige-eroligosaccharide from 15S. epidermidis

antigen prob >F Effect Reduction | Cumulative | Cumulative

estimate ratio effect ratio

HarA 0.033 -0.596 3.9 -0.596 3.9

IsaA 0.046 -0.558 | 3.6 -1.154 14.3

Sbi 0.077 -0.491 3.1 -1.645 44.2

SdrC 0.22 -0.337 2.2 -1.982 96.0

Atl-glucos | 0.238 -0.324 2.1 -2.306 202.2

MRP  10.239 -0.323 2.1 -2.629 425.3

Ebh 0.297 -0.286 1.9 -2.914 821.0

16
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10. The immunogenic composition of any one of claims 7-9 wherein a staphylococcal capsular
polysaccharide is conjugated to a protein carrier selected from the group consisting of tetanus
toxoid, diphtheria toxoid, CRMI97, Haemophilus 20Mflueraae protein D, pneutnolysin, alpha
ioxoid and CIfA, I.A vaccine comprising the impaupggenic composition of any one of claims
1-10 and a pharmaceutically acceptable exelpient. 2512,A method of making a vaccine
comprising the steps of mixing antigens to make the immunogenic composition of any one of
claims 1-10 and addinghaRRasemcestipaily acsaniabipgaxcinientoldrsepritthe or
immunogenic composition of any ope of claims 1-10 in }he 30manufact}.1re of a vaccine for
treatment or M%W%?rgggb%{tﬁ&ﬁg&?ﬁ? B bfpmiat.eastiwo groups ol proteins or

5 immunogenic fragments selected from the following groups:

Group a) at least one staphylococcal extracellular component binding protein or
immunogenic fragment thereof selected from the group consisting of SdrG, laminin
receptor, EbhA, EbhB, Elastin binding protein (EbpS), EFB (FIB), SBI, autolysin, CIfA,

10 SdrC, SdrH, Lipase GehD, FnbA, FnbB, Cna, CIfB, FbpA, Npase, [saA/PisA, SsaA,
EPB, SSP-1, SSP-2, HBP, Vitronectin binding protein, coagulase, and MAP;

Group b) at least one staphylococcal transporter protein or immunogenic
fragment thereof selected from the group consisting of Immunodominant ABC

15 transporter, IsdA, IsdB, Mg2+ transporter, SitC and Ni ABC transporter;

Group c) at least one staphylococcal regulator of virulence, toxin or
immunogenic fragment thereof selected from the group consisting of alpha toxin (Hla),

alpha toxin H35R mutant, RNA III activating protein (RAP);

20
wherein at least one protein or immunogenic fragment is selected from group b).
2 The immunogenic composition of claim 1 wherein at least one protein or
immunogenic fragment is selected from group a).

25

3. The immunogenic composition of claim 1 or 2 wherein at least one protein or

immunogenic fragment is selected from group c).

4, The immunogenic composition of any one of claims 1-3 wherein at least one

30  protein or immunogenic fragment is selected from group a), group b) and group c).

A



15

20

25

30

5. The immunogenic composition of any one of claims 1-4 comprising at least one

protein or immunogenic fragment from S. aureus.

6. The immunogenic composition of any one of claims 1-5 comprising at least one

protein or immunogenic fragment from S. epidermidis.

7 The immunogenic composition of any one of claims 1-6 further comprising a

PIA polysaccharide or oligosaccharide.

8. The immunogenic composition of any one of claims 1-7 further comprising type

V and/or type VIII capsular polysaccharide or oligosaccharide from S. aureus.

9% The immunogenic composition of any one of claims 1-8 further comprising
Type 1, and/or Type II and/or Type III capsular polysaccharide or oligosaccharide from

S. epidermidis.

10.  The immunogenic composition of any one of claims 7-9 wherein a
staphylococcal capsular polysaccharide is conjugated to a protein carrier selected from
the group consisting of tetanus toxoid, diphtheria toxoid, CRM 197, Haemophilus

influenzae protein D, pneumolysin, alpha toxoid and CIfA.

11. A vaccine comprising the immunogenic composition of any one of claims 1-10

and a pharmaceutically acceptable excipient.
12. A method of making a vaccine comprising the steps of mixing antigens to make
the immunogenic composition of any one of claims 1-10 and adding a pharmaceutically

acceptable excipient.

13. A use of the immunogenic composition of any one of claims 1-10 in the

manufacture of a vaccine for treatment or prevention of staphylococcal infection.

72



