
IMMUNOGENIC COMPOSITION

Technical Field

The present invention relates to the field of Staphylococcal immunogenic compositions

and vaccines, their manufacture and the use of such compositions in medicine. More

particularly, it relates to vaccine compositions comprising type 5 and/or I polysaccharides

from S. atrreus in which the degree of O-acetylation is between 30-100%. Methods for the

treatment or prevention of staphylococcal infections using such vaccines are also

provided,

Background

The number of both communíty acquíred and hospital acquired infections have increased

over recent years with the increased use of intravascular devices. Hospital acquired
(nosocomial) infections are a major cause of morbidity and mortality, more particularly in

the US, where they affect more than 2 million patients annually. Following various
studies, about 6 percent of the US patients will acquire an infection during their stay in

hospital. The economic burden in the usA was estimated to be more than g4.s billion in
1992 (Emori and Gaynes, 1993, clin. Microbiol. Rev. 6; 429). The most frequent
infections are urinary tract infections (UTl-33% of the infections), followed by pneumonia
(15'5%), surgical site infections (14.8%) and primary bloodstream infections (1g%ol Emori

and Gaynes, 1993, Clin. Microbiol. Rev. 6:429).

Staphylococcus auraus, Coagulase-negative Staphylococci (mostly Staphylococcus

epidermidis), enterococcus spp, Esherichia coli and Pseudomonas aerugino.sa 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
as being the most significant nosocomial pathogens.

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

significant morbidity and mortatity (Romero-Vivas et al 19gs, lnfect. Dis.21; 1417). lt is

IMMUNOGENIC COMPOSITION Technical Field  The present invention relates to the field of
Staphylococcal immunogenic compositions and vaccines, their manufacture and the use of
such compositions in medicine. More particularly, it relates to vaccine compositions
comprising type 5 and/or 8 polysaccharides from S. aureus in which the degree of
0-acetylation is between 30-100%. Methods for the treatment or prevention of staphylococcal
infections using such vaccines are also provided. Background The number of both community
acquired and hospital acquired infections have increased over recent years with the increased
use of intravascular devices. Hospital acquired (nosocomial) infections are a major cause of
morbidity and mortality, more particularly in the US, where they affect more than 2 million
patients annually. Following various studies, about 6 percent of the US patients will acquire an
infection during their stay in hospital. The economic burden in the USA was estimated to be
more than $4.5 billion in 1992 (Emori and Gaynes, 1993, din. Microbio!, Rev. 6; 428). The
most frequent infections are urinary tract infections (UTI-33% of the infections), followed by
pneumonia (15.5%), surgical site infections (14,8%) and primary bloodstream infections (13%)
Ernori and Gaynes, 1993, Olin. Microbiol. Rev. 6; 428).  Staphylococcus aureus,
Coagulase-negative Staphylococci (mostly Staphylococcus epiderrnidis), enterococcus sop,
Esherichia con and Pseudomonas aeruginosa are the major nos000rnial 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. epiderrnidis as being the most significant nosocornial
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, abscesses
and toxic shock syndrome. S. epidermidis is a normal skin commensal which is also an
important opportunistic  5 pathogen responsible for infections of implanted medical devices
and infections at sites of surgery. Medicali devices infected by S. epidermidis include cardiac
pacemakers, cerebrospinal fluid shunts, continuous ambulatory peritoneal dialysis catheters,
orthopaedic devices and prosthetic heart valves. 10S. aureus and S. epiderrnidis infections
are treated with antibiotics, with penicillin being the drug of choice whereas vancomycin is
used for rnethicillin resistant isolates, The percentage of staphylococcal strains exhibiting
wide-spectrum resistance to antibiotics has become increasingly prevalent since the 1980's
(Panlila et al 1992, Infect.Control, Hosp. Epidemic!, 13: 682), posing a threat for effective
antimicrobial therapy. In addition,  15 the recent emergence of vanoomycin resistant S.
aureus strain has aroused fear that rnethicillin resistant S. aureus strains will emerge and
spread for which no effective therapy is available. An alternative approach of using antibodies
against staphylococcal antigens in passive  20 immunotherapy has been investigated.
Therapy involving administration of polyclonal antisera are under development (WO 00/15238,
WO 00/12132) as well as treatment with a monoclonal antibody against lipoteichoic acid (WO
98/57994). An alternative approach would be use of active vaccination to generate an immune
25response against staphylococci, Several candidates for inclusion as vaccine components
have been identified. These indude Fibmnectin binding protein (US5840846). MHC II
analogue (US5648240), fibrinogen binding protein (US6008341), GehD (US 2002/0169288),
collagen binding protein (US6288214), SdrF, SdrG and SdrH 00/12689), mutant SEA and
SEB exotoxins MO 00/02523) and 52kDa vitronectin binding 30protein (WO 01/60852). 



the cause of some cases of osteomyelitis, endocarditis, septic arthritis, pneumonia,

abscesses and toxic shock syndrome.

S' epidermrdr's is a normal skin commensal which is also an important opportunistic
pathogen responsible for infections of implanted medical devices and infections at sites of
surgery. Medical devíces infected by S. epidermidis include cardiac pacemakers,

cerebrospinal fluid shunts, continuous ambulatory peritoneal dialysis catheters,
orthopaedic devices and prosthetic heart valves.

S. aureus and S. epidermidis infections are treated with antibiotics, with penicillin being
the drug of choice whereas vancomycin is used for methicillin resistant isolates. The
percentage of staphylococcal strains exhibiting wide-spectrum resistance to antibiotics
has become increasingly prevalent since the 1980's (Panlilo et al 1gg2, lnfect,Control.
Hosp. Epidemiol. 13; 582), posing a threat for effective antimicrobial therapy. ln addition,
the recent emergence of vanoomycin resistant S. aureus strain has aroused fear that
methicillin resistant S. aureus strains will emerge and spread for which no effective
therapy is available.

An alternative approach of using antibodies against staphylococcal antigens in passive

immunotherapy has been investigated. Therapy involving administration of polyclonal

antisera are under development (WO O0/15238, WO 00/12132) as well as treatment with
a monoclonal antibody against lipoteichoic acid (WO 98/57994).

An alternative approach would be use of active vaccination to generate an immune
response against staphylococci. Several candidates for inclusion as vaccine components
have been identified. These include Fibronectin binding protein (USsB4oB46), MHC ll
analogue (us5648240), fibrinogen binding protein (us60ogg41), GehD (us
200210169288), coltagen binding protein (us6289214), sdrF, sdrG and sdrH (wo
00/12689), mutant SEA and SEB exotoxins (WO O}t)212g)and 52kDa vitronectin binding
protein WO 01i60852).

The S, aureus genome has been sequenced and many of the coding sequences have
been identified (EP786519, WOO2/O94S6S). The same is true for S, epidermidis (NO
01/34809). As a refinement of this approach, others have identified proteins that are
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The S. aureus genome has been sequenced and many of the coding sequences have been
identified (EP788519, W002/094868). The same is true for S. epidermidis (WO 01/34809). As
a refinement of this approach, others have Identified proteins that are  recognised by
hyperimmune sera from patients who have suffered staphylocomal infection (W001198499,
WO 021059148). The first generation of vaccines targeted against S. aureus or against the
exoprotelns it 5produces have met with limited success (Lee 1996 Trends Microbiol. 4; 162).
There remains a need to develop effective vaccines against staphylococcal infections.
Description of Figures    Figure 1 - Folypeptide sequences of proteins for inclusion in an
immunogenic 10composition. Table 1 provides information on which protein is represented by
each KO ID,  Figure 2 - Nucleotide sequences encoding proteins for inclusion in an
immunogenic composition. Table 1 provides information on which protein is encoded by each
8E010. 15 Figure 3 - Purification of alpha toxin under native conditions. Panel A shows a
cocain/lassie stained SOS-PAGE of samples prepared during the purification of alpha toxin,
Lane 1 - molecular weight markers, lane 2 - soluble fraction containing over-expressed alpha
toxin, lane 3 - flow through from the Ni-NTA column, lane 4 - fractions  20 eiuted with 10%
buffer B, lane 5 - fractions eluted with 20% buffer B, lane 6 - fractions eluted with 30% buffer
B, lane 7 - fractions eluted with 50% buffer B, lane 8 - fractions eluted with 75% buffer B, lane
9 and 10 fractions eluted with 100% buffer B, lane 11 bacteria at T=0 before induction, lane 12
- bacteria at T=4 hours after induction, lane 13 - cell lysate, lane 14 soluble fraction, lane 15 -
insoluble fraction. 25Panel B shows a coornmassie stained SOS-PAGE of 10, 5, 2 and 1i.t1 of
the purified alpha toxin. Figure 4- Purification of SdrC underdenaturing conditions, Panel A
shows a coomrnassie stained SOS-PAGE of samples prepared during the purification of
alpha toxin. Lane Ntl  30 molecular weight markers, lane Start - supernatant framed from the
insoluble fraction containing over-expressed SdrC, lane FT1 - flow through from the Ni-NTA
column, lane C - fractions eluted with wash buffer C, lane 0- fractions eluted with buffer 0,
lane E - fractions eluled with buffer E. Panel B shows a coommassie stained SOS-PAGE of 1,
2, Sand lOpi of the purified SdrC. 35  



recognised by hyperimmune sera from patients who have suffered staphylococcal

infection (WOO 1/98499, WO 0210591 4g).

The first generation of vaccines targeted against S. aureus or against the exoproteins it

produces have met with limited success (Lee 1996 Trends Microbiol. 4: 162). There

remains a need to develop effectíve vaccines against staphylococcal infections.

Description of Flgures

Figure 1 - Polypeptide sequences of proteins for inclusion in an immunogenic
composition. Table 1 provides information on which protein is represented by each SEe
1D.

Figure 2 - Nucleotide sequences ericoding proteins for inclusion ín an irnmunogenic
composition. Table 1 provides information on which protein is encoded by each SEQ lD.

Figure 3 - Purification of alpha toxin under native conditions. Panel A shows a
coommassíe stained SDS-PAGE of samples prepared during the purification of alpha
toxin. Lane 1 - molecular weight markers, lane 2 - soluble fraction containing over-
expressed alpha toxin, lane 3 - flow through from the N|-NTA column, lane 4 - fractions
eluted with 10% buffer B, lane 5 - fractions eluted with20% buffer B, lane 6 -fractions
eluted with 30% buffer B, lane 7 - fractions eluted with 50% buffer B, lane I - fractions
eluted withTSo/o buffer B, lane g and 10 fractions eluted with 100% buffer B, lane 11

bacteria at T=0 before induction, lane 12- bacteria at T=4 hours after induction, lane 13 -
cell lysate, lane 14 - soluble fraction, lane 1S - insoluble fraction.
Panel B shows a coommassie stained SDS-PAGE of 10, 5, 2 and 1 ¡rl of the purified alpha
toxin.

Figure 4 - Purification of SdrC underdenaturing conditions. Panel A shows a coommassie
stained SDS-PAGE of samples prepared during the purification of alpha toxin, Lane M -
molecular weight markers, lane Start - supernatant fromed from the insoluble fraction
containing over-expressed SdrC, lane FT1 - flow through from the N|-NTA colurnn, lane C
- fractions eluted with wash buffer C, lane D - fractions eluted with buffer D, lane E -
fractions eluted with buffer E.

Panel B shows a coommassie stained SDS-PAGE o11,2,5 and 1Oplof the purified SdrC.

Figure 5 - ELISA results for antisera against staphylococcal proteins in plates coated
with purified proteins.
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Pool mice pre - result using pooled sera extracted from mice pre-innocuiation. Pool mice Post
III resuit using pooled mouse sera extracted post-immunisation. Pool rabbit pre - result using
pooled sera extracted from rabbits pre-innoculation. Pool rabbit Post III - result using pooled
rabbit sera extracted post-immunisation. Bic- negative contol. Figure 6 - ELISA results for
mouse antisera raised against staphylococcal proteins in plates coated with killed
staphylococci.    Panel A uses plates coated with S. aureus serotype 5 killed whole cells.
Panel B uses 10plates 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 15 diamond signs shows the ELISA result for
pre-immune mouse sera. Figure 7ELISA results for rabbit antisera raised against
staphylococcal proteins in plates coated with killed staphylococci. 20Panel 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. epidertrildis killed whole
cells. The line marked with square signs shows the ELISA result using antisera from rabbits
25 immunised three times with the indicated staphylococcal protein (except for HarA where
only one immunisation was given). The line marked with diamond signs shows the ELISA
result for pre-immune rabbit sera. Detailed description 30 The present invention discloses
immunogenic compositions which comprise S. aureus polysaccharides Type 5 and/or 8 in
which the Type 5 and/or Type 8 capsular polysaccharide or oligosaccharide is between 30%
and 100% 0-acetylated. In particular embodiments, the immunogenic composition of the
invention additionally comprises  35 PNAG or staphylococcal protein(s). PNAG is highly
conserved among Gram positive bacteria and provides protection against a broad range of
bacteria whereas Type 5 and 8 polysaccharides are potent irnmunogens that elicit an immune
response against most strains of S. aureus which is the most common cause of nosocomiaf
infection.  Polysaccharides The immunogenic compositions of the invention comprise PNAG
and type 5 and 8 polysaccharides from S. aureus either or both of which are between 30%
and 100% 0- acetylated. Poly N-acetylated qiucosamine CPNAG1 PNAG is a polysaccharide
intercellular adhesin and is composed of a polymer of 13- (1 --#6)-linked glucosamine,
optionally substituted with N-acetyl and/or 0-succinyl 10constituents. This polysaccharide is
present in both S. aureus and S. epidermidis and can 



Pool mice pre - result using pooled sera extracted from mice pre-innoculation. Pool mice

Post lll - result using pooled mouse sera extracted post-immunisation. Pool rabbit pre -
result usi¡g pooled sera extracted from rabbits pre-innoculation. Pool rabbit Post lll -
result using pooled rabbit sera extracted postimmunisation. Blc- negative contol.

Figure 6 - ELISA results for mouse antisera raised against staphylococcal proteins in

plates coated with killed staphylococci.

Panel A uses plates coated with S. aureus serotype 5 killed whole cells. Panel B uses

10 plates coated with S. aureus serotype I 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

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.

Panel A uses plates coated with S, aurcus serotype 5 killed whole cells. Panel B uses

plates coated with S. aureus serotype I 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

immunised three times with the indicated staphylococcal protein (except for HarA where

only one immunisation was given). The line marked with diamond signs shows the ELISA

result for pre-immune rabbit sera.

Detailed description

The present invention discloses immunogenic compositions which comprise S, aureus

polysaccharides Type 5 and/or I in which the Type 5 and/or Type I capsular

polysaccharide or oligosaccharide is between 30% and 100% O-acetylated. ln particular

embodiments, the immunogenic composítion of the invention additionally comprises

PNAG or staphylococcal protein(s). PNAG is highly conserved among Gram positive

bacteria and provides protection against a broad range of bacteria whereas Tyæ S and I
polysaccharides are potent immunogens that elicit an immune response against most

strains o'f S. aureus which is the most common cause of nosocomial infection,
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be isolated from either source (Joyce et al 2003, Carbohydrate Research 338; 903;
fvtairaLitran at al 2002, Infect. Imun. 70; 4433). For example, PNAG may be isolated from S.
aureus strain MN8m WC 04/43407). The preparation of dPNAG is described in WO
04143405. 15  The polysaccharide previously known as poly-N-succinyl-M1 -36)-glucesamine
(PNSG) was recently shown not to have the expected structure since the identification of
Nsuccinylation was incorrect (Maira-Litran at al 2002, Infect, !mum 70; 4433). Therefore the
polysaccharide formally known as PNSG and now found to be PNAG is also 20 encompassed
by the term PNAG. PNAG may be of different sizes varying from over 400kDa to between 75
and 400kDa to between 10 and 75kDa to oligosaccharides composed of up to 30 repeat units
(of [3(I -46)-linked glucosamine, optionally substituted with N-acetyl and 0-succinyl
constituents). Any size of PNAG polysaccharide or oligosaccharide may be use in an
immunogenic composition of the invention, for example a size of over 40kDa can be used.
Sizing may be achieved by any method known in the art, for instance by microiluidisation,
ultrasonic irradiation or by chemical cleavage (WO 03/53462, EP497524, EP497525). 30 Size
ranges of PNAG are for example 40-400kDa, 50-350k0a, 40-300kDa, 60-300kDa, 50-250k0a
and 60-200kDa.  Alternatively, a deacetylated PNAG can be used having less than 50%, 40%,
30%, 20%, 10% or 5% N-acetylation. Use of a deacetylated PNAG allows opsonic killing of
Gram positive bacteria, optionally S. aureus and/or S. epidermidis (WO 04143405). In an
embodiment, the PNAG has a size between 40kDa and 300kDa and is deacetylated so 5that
less than 50%, 40%, 30%, 20%, 10% or 5% of amino groups are N acetylated.  In an
embodiment, the PNAG is not 0-succinylated or is 0-succinylated on less than 25, 20, 15, 10,
5, 2 1 or 0.1% ol residues, 10 The term deacetylated PNAG (dPNAG) refers to a PNAG
polysaccharide or oligosaccharide in which less than 50%, 40%, 30%, 20%, 10% or 5% of the
amino groups are acetylated.      As used herein, the term PNAG encompasses both
acetylated and deacetylateo forms of 15the saccharide. In an embodiment, PNAG is
deacetylated to form dPNAG, by chemically treating the native polysaccharide. For example,
the native PNAG is treated with a basic solution such that the pH rises to above 10. For
instance the PNAG is treated with 0.1-5M, 0.2-4M, 0.3- 203M, 0.5-2M, 0.75-1.5M or 1M
NaOH , KOH or NH401-i. Treatment is for at least 10 or 30 minutes, or 1, 2, 3, 4, 5, 10, 15 or
29 hours at a temperature of 20-100, 25-80, 30-60 or 30-50 or 35-45 'C. dPNAG may be
prepared as described in WO 04/43405. In an embodiment, the polysaccharide(s) included in
the immunogenic composition of the invention are conjugated to a carrier protein as described
below or alternatively unconjugated. Type 5 and Type 8 polysaccharides from S. aureus Most
strains of S. aureus that cause infection in man contain either Type 5 or Type 8
30polysaccharides. Approximately 60% of human strains are Type 8 and approximately 30%
are Type 5. The structures of Type 5 and Type 8 capsular polysaccharide antigens are
described in Moreau et at Carbohydrate Res. 201; 285 (1990) and Fournier et at Infect.
Imrnun. 45; 87 (1984). Both have FucNAcp in their repeat unit as well as ManNAcA which can
be used to introduce a sughydryi group. 



Polysaccharides

The immunogenic compositions of the invention comprise PNAG and type 5 and I
polysaccharides from S. aureus either or both of which are between 30% and 100% O-

acetylated.

Polv N-acetvlated qlucosamine (PNAG)

PNAG is a polysaccharide intercellular adhesin and is composed of a polymer of B-

(1 +6þlinked glucosamine, optionally substÍtuted with N-acetyl and/or 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 al2002,lnfect, lmun. 70; 4433). For example, PNAG may be isolated from S.

aureus strain MNSm WO 04143r',07). The preparation of dPNAG is described in WO

04t4u05.

The polysaccharide previously known as poly-N-succinyl-B-(1 +6)-9lucosamine (PNSG)

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

succinylation was incorrect (Maira-Litran et al 2002, lnfect. lmun. 7A;4433). Therefore the

polysaccharide formally known as PNSG and now found to be PNAG is also

encompassed by the term PNAG.

PNAG may be of different sizes varying from over 400kDa to between 75 and 400kDa to

between 10 and 75kDa to oligosaccharides composed of up to 30 repeat units (of B-

(1 +Gllinked glucosamine, optionally substituted with N-acetyl and O-succinyl

constituents). Any size of PNAG polysaccharide or oligosaccharide may be use in an

immunogenic composition of the ínvention, for example a size of over 40kDa can be used.

Sizing may be achieved by any method known in the art, for instance by microfluidisation,

ultrasonic irradiation or by chemicalcleavage WO 03153462,8P497524, EP497525).

Size ranges of PNAG are for example 40*400kDa, 50-350kDa, 40-300kDa, 60-300kDa,

50-250kDa and 60-200kDa.

PNAG can have different degree of acetylation due to substitution on the amino groups by

acetate. PNAG produced in vitro is almost fully substituted on amino groups (95-100%).
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Recently (Jones Carbohydrate Research 340, 1097-1106 (2005)) NMR spectroscopy revised
the structures of the capsular polysaccharides to : Type 5 -4)-f3-D-ManNAck(1
--4)-a-L-FucNAc(30Ac)-(1 3)-6-D-FucNAc-(1 - Type 8 D- anNAcA(40Ac)-(1 -*3)-a-L-FucNAc(1
--4)-ct-D-FueNAc(1  Polysaccharides may be extracted from the appropriate strain of S.
aureus using methods well known to the skilled man, for instance as described in US6294177
or Infection and Immunity (1990) 58(7); 2367. For example, ATCC 12902 is a Type 5 8,
aureus strain and ATCC 12605 is a Type 6 S. aureus strain. Polysaccharides are of native
size or alternatively may be sized, for instance by microfluidisation, ultrasonic irradiation or by
chemical treatment. The invention also covers oligosaccharides derived from the type 5 and 8
polysaccharides from S. aureus. 20 The type 5 and/or 8 capsular polysaccharide or
oligosaccharides included in the immunogenic composition of the invention are 0-acetylated.
In an embodiment, the degree of 0-acetylation of type 5 capsular polysaccharide or
oligosaccharide is 10-100%, 20-100%, 30-100%, 40-100%, 50-100%. 60-100%, 70-100%,
80-100%, 90-100%, 50- 25 90%, 60-90%. 70-90% or 80-90%. In an embodiment, the degree
of 0-acetylation of type 8 capsular polysaccharide or oligosaccharide is 10-100%, 20-100%,
30-100%, 40-100%, 50-100%. 60-100%, 70-100%, 80-100%, 90-100%, 50-90%. 60-90%,
70-90% or 80-90%. In an embodiment, the degree of 0-acetylation of type 5 and type 8
capsular polysaccharides or oligosaccharides is 10-100%, 20-100%. 30-100%, 40-100%,
50-100%. 30 60-100%, 70-100%, 80-100%, 90-100%, 50-90%, 60-90%, 70-90% or 80-90%.
The degree of 0-acetylation of the polysaccharide or oligosaccharide can be determined by
any method known in the art, for example, by proton NMR ( Lemercinier and Jones 1996,
Carbohydrate Resarch 296; 83-96, Jones and Lernercinier 2002, J Pharmaceutical 35and
Biomedical analysis 30; 1233-1247, WO 05/033148 or WO 00/56357). A further commently
used method Is that described by Hestrin (1949) 1 Biol, Chem. 180; 249-261.  0-acetyl groups
can be removed by hydrolysis, for example by treatment with a base such as anhydrous
hydrazine (Konadu at al 1994; Infect. Immun. 62; 5046-5054) or treatment with 0.1N NaOH for
1-8 hours. In order to maintain high levels of 0-acetylation on type 6 and/or 8 polysaccharide
or oligosaccharide, treatments which would lead to hydrolysis of the 0-acetyl groups are
minimised. For example treatment at extremes of pH are minimised.    The type 5 and 8
polysaccharides inciuded in the immunogenic composition of the invention are optionally
conjugated to a carrier protein as described below or are 10alternatively unconjugate,d. The
immunogenic compositions of the invention alternatively contains either type 5 or type 8 poi
ysaccharide. 



Alternatively, a deacetylated PNAG can be used having less than 500/0,40o/o,30o/o,20o/o,

10% or 5olo N-acetylation, Use of a deacetylated PNAG allows opsonic killing of Gram

positive bacteria, optionally S. aureus and/or S. epidermrdrs (WO 04/43405). ln an

embodiment, the PNAG has a size between 40kDa and 300kDa and is deacetylated so

that less than 50%, 40o/o, 30o/o,20Yo, 10o/o or 5o/o of amino groups are N acetylated.

ln an embodiment, the PNAG is not O-succinylated or is O-succinylated on less than 25,

20, 15, 10, 5,2 , I or 0.1Yo of residues.

10 The term deacetylated PNAG (dPNAG) refers to a PNAG polysaccharide or
oligosaccharide in which less than 50To, 40o/o, 30o/o, 20o/o, lOYo or 5% of the amino
groups are acetylated.

15

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

ln an embodiment, PNAG is deacetylated to form dPNAG, by chemically treating the

native polysaccharide. For example, the native PNAG is treated with a basic solution such

that the pH rises to above 10. For instance the PNAG is treated with 0.1-5M, 0.2.4M, 0.3-

3M, 0.5-2M, 0.75-1.5M or 1M NaOH , KOH or NH¿OH. Treatment is for at least 10 or 30

minutes, ot 1,2,3, 4, 5,10, 15 or 20 hours at a temperature of 20-100, 25-80, 30-60 or

30-50 or 3545 "C, dPNAc may be prepared as described in WO 04143405.

20

ln an embodiment, the polysaccharide(s) included in the immunogenic composition of the

25 invention are conjugated to a canier protein as described below or alternatively

unconjugated.

Tvpe 5 and Tyoe I polvsaccharides frorn S, aureus

Most strains of S. aureus that cause infection in man contain either Type 5 or Type I
30 polysaccharides. Approximately 60% of human strains are Type I and approximatety 30%

are Type 5. The structures of Type 5 and Type 8 capsular polysaccharide antigens are

described ín Moreau et al Carbohydrate Res. 201; 285 (1990) and Fournier et al lnfect.

lmmun. 45;87 (1984). Both have FucNAcp in their repeat unit as well as ManNAcA which

can be used to íntroduce a sulfhydryl group,

35

15S. aureus 336 antigen  In an embodiment, the immunogenic composition of the invention
comprises the S. aureus 336 antigen described in U86294177, 20The 336 antigen comprises
13-linked hexosamine, contains no 0-acetyl groups and specifically binds to antibodies to S.
aureus Type 336 deposited under ATCC 55804. In an embodiment, the 336 antigen is a
polysaccharide which is of native size or      alternatively may be sized, for instance by
microfluidisation, ultrasonic irradiation or by 25chemical treatment The invention also covers
oligosaccharides derived from the 336 antigen.    The 336 antigen, where included in the
immunogenic composition of the invention is optionally conjugated to a carrier protein as
described below or are alternatively 30unconjugated. Type I, II and Ill polysaccharides from S.
epidermidis Strains ATC0-31432, SE-360 and SE-10 of S. epidearidis are characteristic of
three 35 different capsular types, II and II respectively (Ichinnan and Yoshida 1981, J. Appl.
Bacteria 51; 229), Capsular polysaccharides extracted from each serotype of S. epidermidis
constitute Type I, II and Ill polysaccharides. Polysaccharides may be  extracted by serval
methods including the method described in US4197290 or as described in Ichiman et al 1991,
J. Apo!, Bacteriol. 71; 176, In one embedment of the invention, the immunogenic composition
comprises type I and/or II and/or III 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. epidennidis strains. 10 These polysaccharides are
unconjugated or are optionally conjugated as described below. Conjugation of
polysaccharides 15 Amongst the problems associated with the use of polysaccharides in
vaccination, is the 



Recently (Jones Carbohydrate Research 340, 1097-1106 (2005)) NMR spectroscopy

revised the structures of the capsular polysaccharides to :

Type 5

+4)-B-D-ManNAcA-(1 +4)-a-L-FucNAc(3OAc)-(f +3)-B-D-FucNAc-(1 ->

Type I

--+3)-B-D-ManNAcA(4OAc)-(1 +3)-cr-L-FucNAc(1 
-3)-a-D-FucNAc(1 

---+

Polysaccharides may be extracted from the appropriate strain of S. aureus using methods
well known to the skilled man, for instance as described in US6294177 or lnfection and
lmmunity (1990) 58(7);2367. For exampte, ATCC 12902 is a Type 5 S, aureus strain and
ATCC 12605 is a Type I S. aureus strain.

Polysaccharides are of native size or alternatively may be sized, for instance by
microfluidisation, ultrasonic irradiation or by chemical treatment. The invention also covers
oligosaccharides derived from the type 5 and I polysaccharides from s. aureus.

The type 5 and/or I capsular polysaccharide or oligosaccharides included in the

immunogenic composition of the invention are O-acetylated. ln an embodiment, the

degree of O-acetylation of type 5 capsular polysaccharide or oligosaccharide is 1O-1OO%,

20-100o/o, 30-100%, 4j-100o/o, 5O-100%. 60-100%, 7O-1ûo/o, 8O-1 00o/o, 9O-1OO%, 50-

90%, 60-900/o,70-9OYo or 80-90%. In an embodiment, the degree of O-acetylation of type

8 capsular polysaccharide or oligosaccharide is 1O-1OO%, 2O-1OOVr,3O-100%, 4O-1OOo/o,

50-100%. 60-100%, 70-100%,80-100%, 9o-1oo%, 50-90%, 60-90%, 7O-9Oo/o or 80-90%.

ln an embodiment, the degree of o-acetylation of type 5 and type I capsular

polysaccharides or oligosaccharides is 10-100%, 2o-100o/o,30-100%, 40-1oo%, so-100%.

60-100%, 70-100o/o,80-100%, 90-1000/0, 50-90%, 60-90%, 7O-9Oo/o or 80-90%.

The degree of O-acetylation of the polysaccharide or oligosaccharide can be determined

by any method known in the art, for exampte, by proton NMR ( Lemercinier and Jones

1996, Carbohydrate Resarch 296; 83-96, Jones and Lemercinier 2002, J Pharrnaceutical

and Biomedicat anatysis 30; 12g9-1241, WO 05/033148 or WO 00/06357), A further

commently used method is that described by Hestrin (1949) J. Biol. Chem. 180:249-261.
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fact that polysaccharides per se are poor immunogens. Strategies, which have been designed
to overcome this lack of immunogenicity, include the linking of the polysaccharide to large
protein carriers, which provide bystander T-cell help. In an 20 embodiment, the
polysaccharides utilised in the invention are linked to a protein carrier which provide bystander
T -cell help. Examples of these carriers which may be used for coupling to polysaccharide or
oligosaccharide immunogens include the Diphtheria and Tetanus toxoids (DT, DT Crm197
and TT), Keyhole Limpet Haemocyanin (KLH), Pseudomonas aeruginosa exoprotein A (rEPA)
and the purified protein derivative of Tuberculin (PPD), protein D from Haemophilus
influenzae, pneurnolysin or fragments of any of the above. Fragments suitable for use include
fragments encompassing T-helper epitopes, In particular protein D fragment will optionally
contain the N-terminal 1/3 of the protein. Protein 0 is an IgD-binding protein from Haemophilus
intluenzae (EP 0 594 610 61). 30 An alternative carrier protein to use in the immunogenic
composition of the invention is a single staphylococcal protein or fragment thereof or a fusion
protein comprising at least or exactly 1, 2, 3 or 4 or more of the staphylococcal proteins or
fragments thereof listed in the section below,  A new carrier protein that would be particularly
advantageous to use in the context of a staphylococcal vaccine is staphylococcal alpha
toxoid. The native form may be conjugated to a polysaccharide since the process of
conjugation reduces toxicity. Optionally a genetically detoxified alpha toxin such as the
His35Leu or His 35 Am variants  5 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 giutareldehyds. A genetically detoxified alpha toxin is optionally chemically
detoxified, optionally by treatment with a cross-linking reagent, formaldehyde or
glutaraidehyde to further reduce toxicity. The polysaccharides may be linked to the carder
protein(s) by any known method (for example, by Likhite, U.S. Patent 4,372,945 by Armor et
al., U.S. Patent 4,474,757, WO and Jennings et al., US. Patent 4,356,170). Optionally, CDAP
conjugation chemistry is carried out (see W095/08348), 15  In CDAP, the cyanylating reagent
1-cyano-dimethylaminopyridinium tetrafluoroborate (CDAP) is optionally used for the
synthesis of polysaccharide-protein conjugates. The cyanilation reaction can be performed
under relatively mild conditions, which avoids hydrolysis of the alkaline sensitive
polysaccharides. This synthesis allows direct coupling 20to a carrier protein. The
polysaccharide may be solubilized in water or a saline solution. CDAP may be dissolved in
acetonitrile and added immediately to the polysaccharide solution. The CDAP reacts with the
hydroxyl groups of the polysaccharide to form a cyanate ester,  25 After the activation step,
the carrier protein is added. Amino groups of lysine react with the activated polysaccharide to
form an isourea covalent link, After the coupling reaction, a large excess of glycine is then
added to quench residual activated functional groups. The product is then passed through a
gel permeation column to remove unreacted carrier protein and residual reagents. 30 Proteins
The immunogenic composition of the invention optionally further comprises a staphylococcal
protein, for example a protein from S. sumps or S. epidermidis, Some 35embodiments of the
invention contain proteins from both S. auraus and S. epidermidis.  



O-acetyl groups can be removed by hydrolysis, for example by treatment with a base

such as anhydrous hydrazine (Konadu et al 1994; lnfect. lmmun.62; 5048-5054) or

treatment with 0.1N NaOH for 1-8 hours. ln order to maintain high levels of O-acetylation

on type 5 and/or I polysaccharide or oligosaccharide, treatments which would lead to

hydrolysis of the O-acetyl groups are minimised. For example treatment at extremes of pH

are minimised.

The type 5 and 8 polysaccharides included in the imrnunogenic composition of the

inventíon are optionally conjqgated to a carrier protein as described below or are

10 alternativelyunconjugated.

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

15 S, aureus 336 antioen

ln an embodiment, the immunogenic composition of the invention comprises the S.

aureus 336 antigen descrlbed in U56294177.

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

ln an embodiment, the 336 antigen is a polysaccharide which is of native size or
alternatively may be sized, for instance by microfluidisation, ultrasonic irradiatíon or by
chemical treatment. The invention also covers oligosaccharides derived from the 336
antigen.

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

Type l, ll and lll polysaccharides from S. epidermidÍs

Strains ATCC-31432, SE-360 and SE-10 of S. eprUermidis are characteristic of three
different capsular types, l, ll and lll respectively (lchiman and Yoshida 1g81, J. Appl.
Bacteriol. 51; 229). Capsular polysaccharides extracted from each serotype of S.
epidermidis constitute Type l, ll and lll polysaccharides. Polysaccharides may be
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Immunogenic compositions of the invention comprise an isolated protein which comprises an
amino acid sequence which has at least 85% identity, optionally at least 90% identity, at least
95% identity, at least 97-99% or exact identity, to that of any sequence of figure 1. 5 Where a
protein is specifically mentioned herein, it is optionally a reference to a native or recombinant ,
full-length protein or optionally a mature protein in which any signal sequence has been
removed. The protein may be isolated directly from the staphylococcal strain or produced by
recombinant DNA techniques. Immunogenic fragments of the protein may be  10 incorporated
into the immunogenic composition of the invention. These are fragments comprising at least
10 amino acids, at least 20 amino acids, at least 30 amino acids, at least 40 amino acids, at
least 50 amino acids or at least 100 amino acids, taken contiguously from the amino acid
sequence of the protein. In addition, such immunogenic fragments are typically
immunologically reactive with antibodies generated against the Staphylococcal  15 proteins or
with antibodies generated by infection of a mammalian host with Staphylococci or contain T
cell epitopes. In an embodiment, immunogenic fragments also includes fragments that when
administered at an effective dose. (either alone or as a hapten bound to a carrier), elicit a
protective immune response against Staphylococcal infection, optionally it is protective
against S. &areas and/or S. epidermic/is infection, Such an immunogenic  20 fragment may
include, for example, the protein lacking an N-terminal leader sequence, and/or a
transmernbrane domain and/or a C-terminal anchor domain. In an embodiment, the
immunogenic fragment according to the invention comprises substantially all of the
extracellular domain of a protein which has at least 85%, 90%. 95%. 97% or 99% identity, to
that a sequence selected from Figure 1 over the entire length of the fragment sequence. 25 In
an embodiment, immunogenic compositions of the invention may contain fusion proteins of
Staphylococcal proteins, or fragments of staphylococcal proteins. Such fusion proteins may
be made recombinantly and may comprise one portion of at least 2, 3, 4, 5 or 6
staphylococcal proteins, for example the combinations of staphylococcal proteins  30 listed
below. Alternatively, a fusion protein may comprise multiple portions of at least 2, 3, 4 or 5
staphylococcal proteins. These may combine different Staphylococcal proteins or fragments
thereof in the same protein. Alternatively, the invention also includes individual fusion proteins
of Staphylococcal proteins or fragments thereof, as a fusion protein with heterologous
sequences such as a provider of T-cell epitopes or purification tags, for 35example:
1:3-galadosidase, giutathione-S-transferase, green fluorescent proteins (GFP),   epitope tags
such as FLAG, rnyc tag, poly histidine, or viral surface proteins such as influenza virus
haemagglutinin, or bacterial proteins such as tetanus toxoid, diphtheria toxoid, CRM197. The
fusion protein may be present in the immunogenic composition of the invention as a free
protein or it may be a carrier protein linked to a saccharide. 5 Proteins In an embodiment, the
immunogenic composition of the invention further comprises one or more of the proteins
mentioned below or immunogenic fragments thereof. Many of the proteins fall into the
categories of extracellular component binding proteins, transporter 10 proteins or toxins and
regulators of virulence, The immunogenic composition of the invention optionally further
comprises a staphylococcal extracellular component binding protein or a staphylococcal
transporter protein or a staphylococcal toxin or regulator of virulence. The immunogenic
composition of the invention optionally comprises at least or exactly 1, 2, 3, 4, 5 or 6
staphylococcal proteins. 15 Table "I The following table sets out the SEQ ID numbers of
preferred protein sequences and DNA sequences that are found in Figure 1 and Figure 2
respectively, SA indicates a sequence S. aureus and SE indicates a sequence from S.
epidermidis.  



extracted by serval methods including the method described in US4197290 or as

described in lchiman et al 1991, J. Appl. Bacteriol.Tl:176.

ln one embodiment of the invention, the immunogenic composition comprises type I

andior ll and/or lll 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,

These polysaccharides are unconjugated or are optionally conjugated as dèscribed
below.

Gonjugation of polysaccharides

Amongst the problems associated with the use of polysaccharides in vaccination, is the

fact that polysaccharides per se are poor immunogens. Strategies, which have been

designed to overcome this lack of immunogenicity, include the linking of the

polysaccharide to large protein carriers, which provide bystander T-cell help. ln an

embodiment, the polysaccharides utilised in the invention are linked to a protein canier

which provide bystander T +ell help. Examples of these carriers which may be used for

coupling to polysaccharide or oligosaccharide immunogens include the Diphtheria and

Tetanus toxoids (DT, DT crm197 and rr), Keyhote Limpet Haemocyanin (KLH),

Pseudomonas aeruginosa exoprotein A (rEPA) and the purified protein derivative of

Tuberculin (PPD), protein D from Haemophitus influenzae, pneumolysin or fragments of

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

epitopes. ln particular protein D fragment will optionally contain the N-terminal 1i3 of the

proteín. Protein D is an lgD-binding protein fromHaemophitus influenzae (EP 0 594610
B1).

An alternative carrier protein to use in the ímmunogenic composition of the invention is a

single staphylococcal protein or fragment thereof or a fusion protein comprising at least or

exactly 1, 2, 3 or 4 or more of the staphylococcal proteins or fragments thereof listed in
the section below.
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Extracellular component binding proteins Extracellular component binding proteins are
proteins that bind to host extracellular components. The term includes, but is not limited to
adhesins. S Examples of extracellular component binding proteins include laminin receptor
(Naidu et      Med. Microbial. 1992, 36; 177), SitC/MntC/saliva binding protein (US5801234,
Wiltshire and Foster Infec. lmrnun. 2001, 69; 5198), EbhA (Williams et al Infect. Irrimun. 2002,
70; 6805), EbhB, Bastin binding protein (EbpS) (Park et al 1999, J. Biol. Chem.  10 274;
2845), EFB (FIB) (Wastfelt and Flock 1995, J. din. Microbiol, 33; 2347), SBI (Zhang et al
FEMS Immun. Med. Microbial. 2000, 28; 211), autolysin (Rupp et al 2001, J. Infect. Dis, 183;
1038), ClfA ( 1JS6008341, McDevitt et al Mol. Microbiol. 1994, 11; 237), SdrC, Sdre (McCrea
et al Microbiology 2000, 146; 1535), SdrH (McCrea et al Microbiology 2000, 146; 1535),
Lipase GehD (US200210169288), SasA (Roche et al Microbiology  15 2003, 149; 643), SasC
(Roche eta! Microbiology 2003, 149; 643), SasK (Roche et al Microbiology 2003, 149 ; 643),
FribA (Flock et al Moi Microbiol. 1994, 12; 599, US6054572), FnbB (WO 97114799, Booth et
al 2001 Infec. Intrnun, 69; 345), collagen binding pMtein Cna (Visa' at al 2000, J. Biol. Chem.
275; 39837), ClfB (WO 99/27109), SdrD (WO 99/27109), SdrE (WO 99/27109), FbpA
(Phonimdaeng at al 1988 J. Gen  20 Microbio1.134; 75), Npase (Flock 2001 J. Bacterial, 183;
3999), IsaA/PisA (Lonenz et al FEMS immuna Med. Microbial. 2000, 29; 145), SsaA (Lang et
al FEMS Immunol, Med. Microbial. 2000, 29; 213), EPB (Hussain and Hermann symposium
on Staph Denmark 14- 17th 2000), SSP4 (Veenstra et al 1996, J. Bacteriol. 178; 537), SSP-2
(Veenstra et al 1996, J. Bacteriol. 178; 537), 17 kDa heparin binding protein HBP (Fallgren et
al 2001, J.  25 Med. Microbiol, 50; 547), Vitronectin binding protein (Li el al 2001, Con.
Microbial. 42; 361), fibrinogen binding protein, coagulase, Fig (WO 97/48727) and MAP
(US5648240) SitC/Mn C/ lliva binding protein 30This is an ABC transporter protein which is a
homologue of adhesln PsaA in S. pneumoniae. It is a highly immunogenic 32k0a lipoprotein
which is distributed through the bacterial cell wail (Cockayne et al Infect. Immun, 1998 66;
3767). It is expressed in S. aureus and S. apiciennidis as a 32k0a lipoprotein and a 40kDa
homologue is present in S. hominis. In S. epidermidis, it is a component of an iron-regulated
operon. It shows  35 considerable homology to both adhesins including FimA of
Streptococcus parasanguis, and with lipoproteins of a family of ABC transporters with proven
or putative metal iron transport functions. Therefore SitC is included as an extracellular biding
protein and as a metal ion transporter.  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. ClfA
and afEl Both these proteins have fibrinogen binding activity and trigger S. aure s to form
clumps in the presence of plasma. They contain a LPXTG motif common to wall associated
proteins. 10ClfA is described in US6008341 and CifB is described in WO 99/27109. Coact
ulase(Fbp,A1 This is a fibrinogen binding protein which triggers S. aureus to form clumps in
the 



A new carrier protein that would be particularly advantageous to use in the context of a

staphylococcal vaccine is staphylococcal alpha toxoid. The native form may be

conjugated to a polysaccharide since the process of conjugatlon reduces toxicity.

Optionally a genetically detoxified alpha toxin such as the His35Leu or His 35 Arg variants

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

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

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

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

further red uce toxicity.

The polysaccharides may be linked to the carrier protein(s) by any known method (for

example, by Likhite, U.S. Patent 4,372,945 by Armor et al., U.S. Patent 4,474,757,WO

and Jennings et al., U.S. Patent 4,356,170). Optionally, CDAP conjugation chemistry is

carried out (see WO95/08348).

In CDAP, the cyanylating reagent 1-cyano-dimethylaminopyridinium tetrafluoroborate

(CDAP) is optionally used for the synthesis of polysaccharide-protein conjugates. The

cyanilation reaction can be performed under relatively mild conditions, which avoids

hydrolysis of the alkaline sensitive polysaccharides. This synthesis allows direct couplíng

to a canier protein.

The polysaccharide may be solubilized in water or a saline solution. CDAP may be
dissolved in acetonitrile and added ímmediately to the polysaccharide solution. The
CDAP reacts with the hydroxyl groups of the polysaccharide to form a cyanate ester,
After the activation step, the carrier protein is added. Amino groups of lysine react with
the activated polysaccharide to form an isourea covalent link. After the coupling reaction,
a large excess of glycine is then added to quench residual activated functional groups.
The product is then passed through a gel permeation column to remove unreacted carrier
protein and residual reagents.

Proteins

The immunogenic composition of the invention optionally further comprises a
staphylococcal protein, for example a protein from S. aureus or S. eprUermidis. Some

embodiments of the invention contain proteins from both S. aureus and S. epidermidis.
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15 presence of plasma. It is described in references related to Coagulase Phonimdaeng at al
(J, Gen. Microbic. 1988, 134:75-83), Phonimdaeng et al. (Mol Microbiol 1990; 4:393- 404),
Cheuna et al. (Infect Immun 1995; 63:1914-1920) and Shopsin et al. (J. CLin. Microbiol. 2000;
38:3453-3456). In an embodiment, fragments for inclusion in the immunogenic composition of
the invention include the mature protein in which the signal 20peptide has been removed
(amino acids 27 to the C-terminus). Coagulase has three distinct domains. Amino acids
59-297 which is a coiled coil region, amino acids 326-505 which is a proline and glycine rich
region and the C-terminal domain from amino acid 506 to 645 which has a beta sheet
conformation. Each of these domains 25is a fragment which may be incorporated into the
immunogenic composition of the invention. SdrG 30This protein is described in WO 00/12689,
SdrG is found in coagulase negative staphylococci and is a cell wall associated protein
containing a LPXTG sequence. SdrG contains a signal peptide (amino acids 1-51), a region
containing fibrinogen binding sites and collagen binding sites (amino acids 51-825), two CnaB
domains (amino acids 35 627-698 and 738-609), a SD repeat region (amino acids 825-1000)
and an anchor domain (amino acids 1009-1056). In an embodiment fragments of Sdre include
polypeptides in which the signal peptide and/or the SD repeats and the anchor domain have
been removed. These include 40polypeptides comprising or consisting of amino acids 50-825,
amino acids 50-633, amino adds 50-597 (SEC) ID NO 2 of WO 03/76470), amino acids
273-597 (SEC) ID NO 4 of WO  03/76474 amino acids 273-577 (SEQ ID NO 6 of. WO
03/76470) amino acids 1-549, amino acids 219-549, amino adds 225-549, amino acids
219-528, amino acids 225-528 of SEQ ID Na 70 or 20 or 21. Optionally, an SdrG polypeptide
having-a- sequence-at-least -80% 85%, 90%, 92%, 95%, 97%, 98%, 99% or 100%
homologous to the sequence of SEC) ID NO: 70, 20 or 21 is incorporated into the
immunogenic composition of the invention.      The compositions of the invention optionally
comprise a fragrant of the SdrO 10polypeptides described above. In an embodiment
fragments have the signal peptide and/or the SD repeat domain and/or the anchoring domain
deieted. For example sequences corresponding to amino acids 1- 



lmmunogenic compositions of the invention comprise an isolated protein which comprises

an amino acid sequence which has at least 85% identity, optionally at least g0%

identity, at least 95% identity, at least 97-99% or exact identity, to that of any sequence

of figure 1.

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

recombinant , full-length protein or optionally a mature protein in which any signal sequence

has been removed. The protein may be isolated directly from the staphylococcal strain or

produced by recombinant DNA techniques. lmmunogenic fragments of the protein may be

incorporated into the immunogenic composition of the invention. These are fragments

comprising at least 10 amino acids, at least 20 amino acids, at least 30 amino acids, at least

40 amino acids, at least 50 amino acids or at least 100 amÍno acids, taken contiguously

from the amino acid sequence of the protein. ln addition, such immunogenic fragments are

typically immunologically reactive with antibodies generated against the Staphylococcal

proteins or with antibodies generated by infection of a mammalian host with Staphylococci

or contain T cell epitopes. ln an embodiment, immunogenic fragments also includes

fragments that when administered at an effective dose, (either alone or as a hapten bound

to a carrier), elicit a protective immune response against Staphylococcal infection, optionally

ít is protective against S. aureus andlor S. epidermrdrs 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. ln an embodiment,

the immunogenic fragment according to the invention comprises substantially all of the

extracellular domain of a protein which has at least 85%, 90o/o,95Yo,97o/o or 99% identity, to

that a sequence selected from Figure 1 over the entire length of the fragment sequence.

ln an embodiment, immunogenic compositions of the invention may contain fusion

proteins of Staphylococcal proteins, or fragments of staphylococcal proteins. Such fusion

proteins may be made recombinantly and may comprise one portion of at least 2,3, 4,5
or 6 staphylococcal proteins, for example the combinatíons of staphylococcal proteins

listed below. Alternatively, a fusion proteín may comprise multiple portions of at least 2, 3,

4 or 5 staþhylococcal proteins. These may combine different Staphylococcal proteins or

fragments thereof in the same protein. Alternatively, the invention also includes índividual

fusion proteins of Staphylococcal proteins or fragments thereof, as a fusion protein with

heterologous sequences such as a provider of T-cell epitopes or purification tags, for

example: p-galactosidase, glutathione-S-transferase, green fluorescent proteins (GFP),
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713 , 1-549, 225-549, 225-529, 24-717, 1-707, 1-690, 1-680, 1-670, 1-660, 1-650, 1-640,
151-630, 1-620, 1-610, 1-600, 34-707, 44-697, 36-689 of SEQ ID 70 or sequences having
85%, 90%, 92%, 95%, 97%, 98%, 99% or 100% identity to SEQ ID 70 or 20 or 21. In an
embodiment, fragments with the signal peptide deleted have a methion ne residue at the
N-terminus of the fragment to ensure correct translation. 20 In an embodiment, the fragment
has the following sequence:-    MEENSVQDVKMINTDDELSASNDOSSDEEKNDVINNNQS
INTDONNQ I I K KEETNNYDG I E S EDRT ES TTN
VDENEATFLQKTPQANTHLTEREVICESSSVESSNSS IDTAQQP SH'n'INR E ES V QT
SDNV EDSAIVSDFINS K I 25 KESNTESGKEENTI EQ PN r1K2DSTTS Q PSG YTN IDEK I
SNQDE LIICILP I NE YENEAR PIA TT SAQ PS I ICTITVNOLAPLEQGSNIINHI.4 Ktrrpos
ITEGYDDS EGV I WIDAENL .1Y DVIFIEVDriKlIKSGDTMTVDIDKNITPSDLTDS FT I PKI
IONSC EI ATC?TYDNECNIQ T TF TD YITOKYENIK
MILICLTSVIDKSKVPNI1NTKLDVEYKTALSSIMIKTITVEYQRPNEITh.TANLOSNIFENIDTKE
CHTVEQT I Y INF LRYSAKETNVNI SGINIGDEGS 30 I IDDS T I IKVYKVGDN
PDSNRIIDYSE IEDVITIDDYAQI,GZINNDVN INFONIDS PY I I KVI SKYD P1SITID
YTTIQVIVIT4CrTIMBYTGEFRTASYDNT/AFSTSSOQGQGDLPPEKTYKIGDYVKEDVDK.DGI
QNTNDNEKP SNVIAPTLTY PDGTSKS VIZTTIEDGICYQPIDGLINGLTYK IT F ET
PEGYTPTLKIMSGTNPALDSECINSVWVT. ING QDDITTIDS'GFYQTPKYSLONY
VilleriTNICGIQUDDEKGISMIKVTLKDENGNI I Se1"1"1"EDENG}CtQFDNLNSGNY 51FDKP
SGM'rQTTTDS.GD 35 DDEQDADGEETWOTITDIIIJDFSIDNGYYDDE EbhA and EbhB
EbhA and EbhB are proteins that are expressed in both S. aureus and S. epic:term/di&
(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 matrix. The Ebh proteins are large, having a molecular weight of 1.1
megadaltons. It is advantageous to use a fragment of the Ebh protein rather than the
complete sequence due to ease of production and formulation. The central region of the
protein contains imperfect repeats which 10 contain fibronectin binding sites. Fragments
containing one or more of the repeat domains described below are some fragments suitable
for incorporation into the immunogenic composition of the invention.      Ebh proteins contain
imperfect repeats units of 127 amino acids in length which are 15characterised by containing
the consensus sequence:- L.G.{10}A.(1.3}0.(201,...M..L.{33}A or
.1.29)L.G.(10)A.0.3)04,261L...M,(L.(331A,i12) 20 or .QI/V..A"V.. 



ep¡tope tags such as FI-AG, myc tag, poly histidine, or viral surface proteins such as

influenza virus haemagglutinin, or bacterial proteins such as tetanus toxoid, diphtheria

toxoid, CRM197. The fusion protein may be present in the immunogenic composition of

the invention as a free protein or it may be a carrier protein linked to a saccharide.

5 Proteins

ln an embodiment, the immunogenic composition of the invention further comprises one

or more of the proteins mentioned below or immunogenic fragments thereof. Many of the

proteins fall into the categories of extracellular component binding proteins, transporter

proteins or toxins and regulators of virulence. The immunogenic cornposition of the

invention optionally further comprises a staphylococcal extracellular component binding

protein or a staphylococcal transporter protein or a staphylococcal toxin or regulator of

virulence. The immunogenic composition of the invention optionally comprises at least or

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

Table 1

The following table sets out the SEQ lD numbers of prefened protein sequences and DNA

sequences that are found in Figure 1 and Figure 2 respectively. SA indicates a sequence
from S. aureus and SE indicates a sequence from S. epidermidis.
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lmmunodominant ABC transporter

SA
SE

Laminin receptor

SA
SE

Secretory Antígen A SsaA
sAl
sA2
SE

sitc
SA
SE

lsaA / PisA (lssA)

SA
SE

SEQ ID 5

SEQ ID 6

DNA

SEQ ID 34

SEQ ID

SEQ ID 1O

SEQ ID 11

SEQ ID 37

lD 36

12

lD 38

SEQ ID 40

tD 39

SEQ ID 43

SEQ ID 44

V.{6)A..12N/D.AM..L...I/V.D/2".TK.S.NY/F.N/DAD..K..AY/F..AV..A..I/V.N 25 Where '.' means
any amino acid and '.{1.0} means any 10 amino acids and I/V indicates alternative choices of
amino acid_ By reference to the sequence disclosed in Kuroda et al (2001) Lancet 357;
1225-1240, and Table 2, the repeat sequences within Ebh proteins are readily deduced. 30 In
an embodiment, fragments to be included in the immunogenic composition of the invention
include proteins containing of one, two, three, four, five, six, seven, eight, nine, ten or more
than 10 of the 127 amino add repeat units. Such fragments may consist oi 1, 2, 3, 4, 5, 6, 7, 8,
9, 10 or more repeats of the 127 amino acid repeat region or may consist of 1, 2, 3, 4, 6, 6, 7,
368, 9, 10 or more repeats with additional amino acid residues present at either or both ends
of  the fragment. Optionally the fragment is the H2 polypeptide of about 44kna snarling three
repeats (amino acids 3202-3595) as described in Clarke et al Infection and Immunity 70,
6680- 6687, 2002. Such fragments will optionally be able to bind fibronectin and/or to elicit
antibodies that are reactive against the whole Ebh protein. The Ebh proteins are capable of
binding to fibronectin. In an embodiment, fragments of these polypeptides sequences retain
the ability to bind to fibronectin. Binding to fibronectin can be assessed by ELISA as described
by Clarke at al (infection and Immunity 70; 6680-6687 2002). In an embodiment, the fragment
is one which comprises a B-cell or 1-helper epitope, for example those fragments/peptides
described in Tables 3 and 4. TABLE 2 Repeat sequences in the full-length seauence qfjjfl.
The full-length sequence of Ebh is disclosed in Kuroda at 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.        42  51  DLNQAQKNAL 



EbhA / B
SA EbhA

SA EbhB

SE EbhA

SE EbhB

Accumulation-assoc pro Aap
SA

SE

RNA lll activating protein RAP

SA
SE

FIG / SdrG

SA
SE

Elastin binding protein EbpS

SA
SE

SEQ ID 12

SEQ ID 13

SEQ ID 14

Extracellular protein EFB SA

SEQ ID 15

alpha toxin SA

SBI SA

SEQ ID 16

lsdA SA

SEQ ID 17

lsdB SA

SdTC SA

SEQ ID 18

clfA sA

SEQ ID 19

FnbA SA

SEQ ID 45

clfB sA

SEQ ID 46

SEQ ID 20

Coaqulase SA

SEQ ID 47

SEQ ID 21

FnbB SA

SEQ ID 48

MAP SA

SEQ

HarA SA

SEQ ID 49

SEQ

D22

SEQ ID 50

SEQ

Autolysin amidase SA

D23

SEO

Ebh fragment SA

D24

sEo

SEQ ID 51

Autolysin Ant SA

D25

sEo

SEQ ID 52

SdrC SA

D26

sEo

MRPIISA

D27

SEO

SEQ ID 53

SdrG SA

D28

SEQ

SEQ ID 54

SdrE SA

D29

sEo

SdTD SA

030

SEQ ID 55

SEQ

SasF SA

D31

SEO

SEQ ID 56

D32

SEQ

SEQ ID 57

D33

SEO

SEQ ID 58

D67

SEQ

SEQ ID 59

068

SEQ ID 70

SEQ ID 60

D69

SEQ ID 71

SEQ ID 61

SEO ID 72

SEQ ID 62

SEQ ID 73

SEQ ID 63

SEQ ID 74

SEQ ID 64

SEQ ID 75

SEQ ID 65

SEO

SEQ ID 66

SEQ

SEQ ID 77

D76

SEQ

SEQ

D87

SEQ

SEQ

D89

D78

SEQ

D91

D79

13

SEQ

D80

SEO

D81

SEQ ID 83

D82

SEQ ID 84

SEQ ID 85

SEO ID 86

SEQ ID 88

SEQ ID 90

SEQ ID 92

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



Extracellular component binding proteins

Extracellular component binding proteins are proteins that bind to host extracellular

components. The term includes, but is not limited to adhesins.

Examples of extracellular component binding proteins include laminin receptor (Naidu et
al J. Med. Microbiol. 1992, 36; 177), SitC/MntG/saliva binding protein (US5801234,

Wiltshire and Foster lnfec. lmmun. 2001, 69; 5198), EbhA (Williams et al lnfect. lmmun.

2002,70;6805), EbhB, Elastin binding protein (EbpS) (Park et al 1999, J, Biol. Chem.

274;2845), EFB (FlB) (Wastfelt and Flock 1995, J. Clin. Microbiol. 33; 2347), SBI (Zhang

et al FEMS lmmun. Med. Microbiol.2000, 28;211), autolysin (Rupp et al 2001, J. Infect.

Dis. 183; 1038), ClfA ( US6008341, McDevitt et al Mol. Microbiol. 1994, 11; 237), SdrC,

SdrG (McCrea et al Microbiology 2000, 146; 1535), SdrH (McCrea et al Microbiology

2000, 146;1535), Lipase GehD (US2002/0169288), SasA (Roche et al Microbiology
2OCi3, 149; 643), SasC (Roche et al Microbiology 2003, 149 ; 643), SasK (Roche et at

Microbiology 2003, 149; 643), FnbA (Flock et al Mol Microbiol. 1994, 12; 599,

US6054572), FnbB WO 97114799, Booth et al 2001 lnfec. lmmun. 69; 345), collagen
binding protein Cna (Visai et al 2000, J. Biol. Chem. 275;39837), ClfB (WO 99/27109),
SdrD (WO 99127109), SdrE (WO 99/27109), FbpA (Phonimdaeng et al 1988 J. Gen

Microbiol.134; 75), Npase (Flock 2001 J. Bacteriol. 183; 3999), lsaA/PisA (Lonenz et al

FEMS lmmuno. Med. Microbiol. 2000, 29; 145), SsaA (Lang et al FEMS lmmunol. Med.

Microbiol. 2000,29;213), EPB (Hussain and Hermann symposium on Staph Denmark 14-

17th 2000), SSP-1 (Veenstra et al 1996, J. Bacteriol.178; S37), SSP-2 (Veenstra et al

1996, J. Bacteriol. 178; 537), 17 kDa heparin binding protein HBP (Fallgren et al 2001, J.

Med. Microbiol. 50; 547), Vitronectin binding protein (Li et al 2001, Curr. Microbiol. 42;
361), fibrinogen binding protein, coagulase, Fig (WO 97148727) and tt/AP (US5648240)

SitC/MntC/saliva binding protein

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

pneumoniae. lt is a highly immunogenic 32kDa lipoprotein which is distributed through the
bacterial cell wall (Cockayne et al lnfect. lmmun. 1998 66; 3767). lt is expressed in S.

aureus and S. epidermidis as a 32kDa lipoprotein and a 40kDa homologue is present in

S. homlnrs, In S. eprdermidis, it is a component of an iron-regulated operon. lt shows
conslderable homology to both adhesins including FimA of Streptococcus parasanguis,

and with lipoproteins of a family of ABC transporters with proven or putative metal iron
transport functions. Therefore SitC is included as an extracellular biding protein and as a
metal ion transporter.
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10The full-length sequence is disclosed in TrEMBL database, sequence reference Q8NVVQ6.
One of these repeats, encoded by amino acids 3204-3331 of the full-length sequence was
chosen to cany out an epitope prediction:-
NIDVNTVNQKAASVKSTKDALDGQQNLQRAKTEATNAITHASDLNQAQKNALMOVN
15SAQNVHAVNDIKQTTQSLNTAMTGLKRGVANHNQVVQSDNYVNADTNKKNDYNNAY
NHANDIINGNAQHPVI  VNADTNKKN3302 YNNAYNHAN3311 YNHANDIIN3315
IINGNAOHP3321 INGNAQHPV L3322  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 in the Ebh full length sequence Fragments of the
proteins of the invention may be employed for producing the corresponding full-length
polypeptide by peptide synthesis; therefore, these fragments may be employed as
interrnediates for producing the full-length proteins of the invention. In an embodiment,
variants are used in which several, 5-10, 1-5, 1-3, 1-2 oro acids are substituted, deleted, or
added in any combination. Elastin bindin_q  protein (EbpS) EbpS is a protein containing 486
amino acids with a molecular weight of 83k0a. It is associated with the cytoplasmic membrane
of S. aureus and has three hydrophobic regions which hold the protein in the membrane
(Downer at al 2002, J. Biol, Chem. 277; 243; Park et al 1996, J. Biol. Chem. 271; 15803). Two
regions between amino acids 1-205 and 343-486 are surface exposed on the outer face of the
cytoplasmic membrane. The ligand binding domain of EbpS is located between residues
14-34 at the N-terrninus (Park et al 1999, J. Biol. Chem, 274; 2845). 25In an embodiment, the
fragment to be Incorporated into the immunogenic composition of  the invention is the surface
exposed fragment containing the elastin binding region (amino acids 1-205). Optionally the
fragments do not contain the entire exposed loop but should contain the elastin binding region
(amino adds 14-34). An alternative fragment which could be used consists of amino acids
forming the second surface exposed loop (amino 30acids 343-486). Alternative fragments
containing up to 11 2, 5, 10, 20, 50 amino acids less 



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.

ClfA and ClfB

Both these proteins have fibrinogen binding activity and trigger S. aureus to form clumps

in the presence of plasma. They contain a LPXTG motif common to wall associated
proteins.

ClfA is described in US6008341 and ClfB is described in WO 99127109.

Coaoulase (FbpA)

This is a fibrinogen binding protein which triggers S. aureus to form clumps in the
presence of plasma. lt is described in references related to Coagulase : Phonimdaeng et
al (J. Gen. Microbio. 1988, 134:75-83), Phonimdaeng et al. (Mol Microbiol 1990; 4:393-
404), Cheung et al. (lnfect lmmun 1995; 63:1914-1920) and Shopsin et al. (J. CLin.
Microbiol. 2000; 38:3453-3456). ln an embodiment, fragments for inclusion in the
immunogenic composition of the invention include the mature protein in which the signal
peptide has been removed (amino acids 27 to the C-terminus).

Coagulase has three distinct domains. Amino acids 59-297 which is a coiled coil region,

amino acids 326-505 which is a proline and glycine ricfr region and the C-terminal domain
from amino acid 506 to 645 which has a beta sheet conformation, Each of these domains
is a fragment which may be incorporated into the immunogenic composition of the
invention.

SdrG

This protein is descrÍbed in WO 00/12689. SdrG is found in coagulase negative
staphylococci and is a cellwallassociated protein containing a LPXTG sequence.

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

sites and collagen binding sites (amino acids 51-825), two CnaB domains (amino acids
627-698 and 738-809), a SD repeat region (amino acids 825-1000) and an anchor domain
(amino acids 1 009-1 056).

ln an embodiment fragments of SdrG include polypeptides in which the signal peptide

and/or the SD repeats and the anchor domain have been removed, These include
polypeptides comprising or consisting of amino acids 50-825, amino acids 50-633, amino
acids 50-597 (SEO lD NO 2 of WO 03176470), amino acids 273-597 (SEO !D NO 4 of WO
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at one or both ends are also possible.  Laminin receptors  The larninin receptor of S. abffefiS
plays an important role in pathogenicity. A characteristic feature of infection is bloodstream
invasion which aiiows widespread metastatic abscess formation. Bloodstream invasion
requires the ability to extravasate across the vascular basement membrane. This is achieved
through binding to larninin through the iaminin receptor (Lopes et al Science 1085, 229; 275).
Larninin receptors are surface exposed and are present in many strains of staphylococci
including S. aureus and S. apidennidis. SBI 10 Sbi is a second ligG binding protein in addition
to protein A and it is expressed in most strains of S. sinus (Zhang et al 1998, Microbiology
144: 985). The N-terminus of the sequence of Sbi has a typical signal sequence with a
cleavage site 15 after amino acid 29. Therefore a fragment of Sbi which could be used in an
immunogenic composition of the invention starts at amino acid residue 30, 31, 32 or 33 and
continues to the C-terminus of Sbi, for example of SEC ID NO: 26.    The IgG binding domain
of Sbi has been identified as a region towards the N-terminus of 20the protein from amino
acids 41-92. This domain is homologous to the IgG binding domains of protein A.      The
minimal IgG binding domain of Sbi contains the following
sequence:-25OTTONNITTDOOKAFYWLHLIMITEEORNUIKTLRSHPERAQEVFSESLK ** ***
**** * A* * - denotes amino acids which are similar between IgG binding domains 30 In an
embodiment, a fragment of Sbi to be included in the immunogenic composition of the
invention contains an IgG binding domain. This fragment contains the consensus sequence
for an IgG binding domain as designated by as shown in the above sequence. Optionally the
fragment contains or consists of the complete sequence shown above. 35 Optionally, the
fragment contains or consists of amino acids 30-92, 33-92, 30-94, 33-94, 30-146, 33446,
30-160, 33-150, 30-160, 33-160, 33-170, 33-180, 33-190, 33-200, 33-205 or 33-210 of Sbi. for
example of SEQ ID NO:26.      A fragment may contain 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 amino acid
substitutions Irom the 40sequences indicated.  A fragments may contain multiple repeats (2,
3, 4, 5, 6, 7,8, 9 or 10) of the IgG binding domain. 



03n6470), am¡no acids 273-577 (SEQ lD NO 6 of WO 03176470) amino acids 1-549,

amino acids 219-549, amino acids 225-549, amino acids 219-528, amino acids 225-528

of SEQ lD NO: 70 or 20 or 21

Optionafly, an SdrG polypeptide having a sequence at least ggo¡or 85e/o- 90%' 92e/o, 95a/o,

97o/o,980/0,99% or 100%o homologous to the sequence of SEQ lD NO: 70,20 or 21 is
incorporatéd into the immunogenic composition of the invention.

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

polypeptides described above.

ln an embodiment fragments have the signal peptide and/or the SD repeat domain and/or

the anchoring domain deleted. For example sequences conesponding to amino acids 1-

713 ,1-549,225-549,225-529,24-717,1-707,1-690, 1-680, 1-670, 1-660, 1-650, 1-640,

1-630, 1-620, 1-610, 1-600, U-7O7,44-697,36-689 of SEQ lD 70 or sequences having

85Vo,gOVo,92To, 95Vo, 97o/o, 98o/o,99% or 100% identity to SEQ lD 70 or 20 or 21 '

ln an ernbodiment, fragments with the signal peptide deleted have a methionine residue at

the N-terminus of the fragment to ensure correct translation.

ln an ernbodiment, the fragment has the following sequence:-

MEENSVQDVKDSNTDDEIJSDSNDQS SDEEKNDVINNNQS INTDDNNQ T T KKEETNNYDGI EKRS EDRTESTTN

VDENEATFI.QKTPQDNTHIJTEEEVKESSSVESSNSS IDTAQQPSHTTINREESVQTSDNVEDSHVSDFANSKI

KESNTES GKEENTIEQPNKVKEDSTTS QPSGYTNIDEKI SNQDE

IJI'NI'PINEYENKARPLSTTSÀQPSII(RVTVNQIJAAEQGSNVNHI'IKVTDQSITEGYDDSEGVIKAHDAENIJIY

DvTPEVDDKVKSGDTMTVDIDKNTVPSDI,TDSFTIPKTKDNSGETIATGTYDNKNKQITYTFTDYVDKYENIK

AI{I,¡gJTSYTDKSKVPNNNTKIJDVEYKTAI.SS\/l{KTIfVEYQRPNENRTANI,,QSMFTNTDTKNHTVEQTTYINP

IJRYSAKETNVN I SGNGDEGS T

ITDDSTIIKVYKVGDNQNIJPDSNRIYDYSEYEDVTNDDYAQI,GNNNDVNINFGNIDSPYIIKVISKYDPNKDD

YTTIQQTVTMQTTINEYTGEFRTAS]DNTIAFSTS SGQGQGDL P PEKTYKTGDYVÍ¡EDVDKDGI QNINDNE KP

I,SNVLWLTYPDGTS KS VRTDEDGKYQFDGLrcTGLTYKI T F ET P EGYTPTLKHS GTN PAI,D S EGNSVWVT ING

QDDMTID SGFYQTPKYS IJGNY

V$|YDTNKDGIQGDDEKGISGVIO/TI,KDENGNIISTTTTDENGKYQFDNIJNSGNYIVHFDKPSGMTQTTTDSGD

DDEQDA.DGEEVT{VTI TDHDD FS T DNGYYDDE

EbhA and EbhB
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5 EFB - FIB Fib is a 19kDa fibrinogen binding protein which is secreted into the extracellular
medium by S, aureus. It is produced by all S aureus isolates tested (Wastfeit and Flock 1995,
J. Clin. Microbial. 33; 2347). 10 S. aureus clumps in the presence of fibrinogen and binds to
fibrinogen coated surfaces. This ability facilitates staphylococcal colonisation of catheters and
endothelial cells. Fib contains a signal sequence at the NI-terminus of the protein with a
putative cleavage 15 site at about amino acid 30. In an embodiment, the immunogenic
composition of the invention comprises or consists of the sequence of the mature protein
(from about amino add 30 to the C-terminus of the protein). Fbe - EiB/FIG 20 Fbe is a
fibrinogen binding protein that is found in many isolates of S. epidertnidis and has a deduced
molecular weight of 119 kDa (Nilsson et al 1998, Infect. Immun. 66; 2666). Its sequence is
related to that of dumping factor from S. aureus (C1fA). Antibodies against Fbe can block the
binding of S. epidermidis to fibrinogen coated plates and to catheters 25(Pei and Flock 2001,
J. Infect, Dis, 184; 52). Fbe has a putative signal sequence with a cleavage site between
amino acids 51 and 52. Therefore a potential fragment of Fbe contains the mature form d Fbe
extending from amino acid 52 to the C-terminus (amino acid 1,092). 30 The domain of Fhe
from amino acid 52 to amino add 825 is responsible for fibrinogen binding. In an embodiment,
the fragment of Fbe consists of or contains amino acids 52- 825. 35 The region between
amino acid 373 and 516 of Fbe shows the most conservation between Fbe and Cif& In an
embodiment, the fragment contains amino adds 373-516 of Fbe.  Amino acids 825 - 1041 of
Fbe contains a highly repetitive region composed of tandemly repeated aspartic acid and
seine residues. IsaA/PisA IsaA is a 29k0a protein, also known as PisA has been shown to be
a immunodominant staphylococcal protein during sepsis in hospital patients (Lorenz et al
2000, FBAS Immune, Med, Microb, 29; 145). 10The first 29 amino acids of the IsaA sequence
are thought to be a signal sequence. In an embodiment, the fragment of IsaA to be included in
an immunogenic composition of the invention contains amino acid residues 30 onwards, to
the end of the coded sequence. Fibronectin binding protein 15 



EbhA and EbhB are proteins that are expressed in both S. aureus and S. epidermidis (Clarke

and Foster lnfect. |mmun.2002,70; 6680 , Williams et al lnfect. lmmun. 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

matrix.

The Ebh proteins are large, having a molecular weight of 1.1 megadaltons. lt is advantageous

to use a frqgment of the Ebh protein rather than the complete sequence due to ease of

production and formulation. The central region of the protein contains impelect repeats which

contain fibronectin binding sites. Fragments contalning one or more of the repeat domains

described below are some fragments suitable for incorporation into the immunogenic

composition of the invention.

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

characterised by containing the consensus sequence:-

10

15

r,.c. {ro)e. {rs }A . (za}r. . .M. .r. {33iA
or
. {rs}1.G. {r.o}a. {r:}0. {ze }1. . .l'r..1. {33}A. {12}

20 or
r/v. .A . . .T/v ..AK.ALN/DG. .NL. .AK. .A. {e}1. . LN.AeK. . L. .Qrlv. .A. .v. .

v. {6}4..r,¡r/o.AM..L...r/v.D/E...rK.s.Ny/F.N/DAD..K..AylF..AV. .A..r/v.N
/D.......

25 Where '.'means any amino acid and'.{fO)'means any 10 amino acids
and I/V indicates alternative choices of amino acid.

By reference to the sequence disclosed in Kuroda et al (2001) Lancet 357; 1225-1240, and

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

ln an embodiment, fragments to be included in the immunogenic composition of the invention

include proteins containíng 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 consist of 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
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Fibronectin binding protein A contains several domains that are involved in binding to
fibronectin (WO 94/18327), These are called D1, D2, 03 and D4. In an embodiment fragments
of fibronectin binding protein A or B comprise or consist of D1, D2, 03, D4, D1- D2, D2-D3,
D3-04, D1-D3, D2-D4 or D1-D4, 20 Fibronectin binding protein contains a 36 amino acid
signal sequence. For example: ITKNITURYGIRIKERLakhSVFLGTNITVGPMDREZIA
25Optionally, the mature protein omitting this signal sequence is included in the immunogenic
composition of the invention. Transporter proteins The cell wall of Gram positive bacteria acts
as a barrier preventing free diffusion of 30 metabolites into the bacterium. A family of proteins
orchestrates the passage of essential nutrients into the bacterium and are therefore essentie
for the viability of the bacterium. The term transporter protein covers proteins involved in the
initial step of binding to metabolites such as iron as weli as those involved in actually
transporting the metabolite into the bacterium, 35  Molecular iron is an essential co-factor for
bacterial growth. Sidemphores are secreted that bind free iron and then are captured by
bacterial surface receptors that deliver iron for transport across the cytoplasmic membrane.
Iron acquisition is critical for the establishment of human infections so that the generation of
an immune response against 5this class of proteins leads to a loss of staphylococcal viability.
Examples of transporter proteins include Immunodorninant ABC transporter (Burnie et al 2000
Infect. IME111, 68; 3200), isdA (Mazmanian et al 2002 PNAS 99; 2293), IsdB (Mazmanian et
at 2002 PNAS 99; 2293), IsdC (WO 06/59247), Mg2+ transporter, SitC (Wiltshire and Foster
2001 Infect, Immun, 69; 5198) and Ni ABC transporter. IMmunodominant ABC transporter
Immunodominant ABC transporter is a well conserved protein which may be capable of 15
generating an immune response that is cross-protective against different staphylococcal
strains (Mei et 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). Optional
fragments of imunodominant ABC transporter will include the peptides DRHFLN, 20 GNYD,
RRYPF, IMLLK, GVTTSLS, VDWLR, RGFL, KIKVYVGNYDFWYCS, TVIVVSHDRHFLYNNV
and/or TETFLRGFLGRMLFS since these sequences contain epitopes that are recognised by
the human immune system, IsdA-I d 25 The isd genes (iron-regulated surface determinant) of
S. aureus encode proteins responsible for haemoglobin binding and passage of haem iron to
the cytoplasm , where it acts as an essential nutrient. IsdA and isdB are located in the cell wall
of staphylococci. IsdA appear to be exposed on the surface of bacterium since it is
susceptible to 



the fragment. Optionally the fragment is the H2 polypeptide of about 44kDa spaning three

repeats (amino acids 3202-3595) as described in Clarke et al lnfection and lmmunity 70, 6680-

6687, 2002. Such fragments will optionally be able to bind fibronectin and/or to elicit

antibodies that are reactive against the whole Ebh protein.

The Ebh proteins are capable of binding to fibronectin. ln an embodiment, 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 ( lnfection and lmmunity 70; 6680-6687

2002). 
î

ln an embodíment, the fragment is one which comprises 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-lenoth sequençe 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.
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I
2

Beqin

3

3204

4

3331

5

3457

6

3583

7

3709

End

I

3835

3330

o

t0

3961

u57

1'l

4200

3583

4326

12

3709

4452

l3

3835

4578

14

3961

4704

t5

4087

4830

16

4326

4956

17

M52

18

5082

4578

5208

19

4704

5334

4830

5460

4956

5585

5082

5208

5334

5460

5586

5711
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30proteinase K digestion, IsdB was partially digested suggesting that it is partially exposed on
the surface of the bacterium (Mazinanian et al 2003 Science 299; 906),  IsdA and IsdB are
both 29k0a proteins which bind hem. Their expression is regulated by the availability of iron
via the Fur repressor. Their expression will be high during infection in a host where the
concentration of iron will be low. They are also known as FrpA and FroB (Morrissey et al
2002, Infect. Immun, 70; 2399). FrpA and FrioB are major surface proteins with a high charge.
They have been shown to provide a major contribution to adhesion to plastic.      In an
embodiment, the immunogenic composition of the invention comprises a fragment of 10IsdA
and/or isdB which is described in WO09 or WO 03/11699. Toxins and regulators of virulence
Members of this family of proteins include toxin such as alpha toxin, hemolysin, enterotoxin B
and TSST-1 as well as proteins that regulate the production of toxins such 15 as RAP. Aloha
toxin (Hal Alpha toxin Is an important virulence determinant produced by most strains of S.
auretis. It 20 is a pore forming toxin with haemolytic activity. Antibodies against alpha toxin
have been shown to neutralise the detrimental and lethal effects of alpha toxin in animal
models (Adlam et al 1977 Infect. Immun. 17; 250). Human platelets, endothelial cells and
mononuclear cells are susceptible to the effects of alpha toxin, 25The high toxicity of alpha
toxin requires that it should be detoxified before being used as an immunogen. This can be
achieved by chemical treatment, for instance by treating with formaldehyde, glutaraldehyde of
other cross-linking reagents or by chemically conjugating it to bacterial polysaccharides as
described below. 30A further way of removing toxicity is to introduce point mutations that
remove toxicity while retaining the antigenicity of the toxin. The introduction of a point
mutation at amino acid 35 of alpha toxin where a histidine residue is replaced with a leucine
residue results in the removal of toxicity whilst retaining immunogenicity (Menzies and
Kernodle 1996; Infect.  imam. 64: 1839). Histidine 35 appears to be critical for the proper
oligomedzation required for pore formation and mutation of this residue leads to loss of
toxicity. When incorporated into immunogenic compositions of the invention, alpha toxin is
optionally detoxified by mutation of His 35, for example by replacing His 35 with Leu or Am. In
an alternative embodiment, alpha toxin is detoxified by conjugation to other components of the
immunogenic composition, for example capsular polysaccharides or PNAG, optionally to S.
aureus type 5 polysaccharide and/or a aureus Type 8 polysaccharide and/or PNAG. 10 RNA
Ill activating protein (RAP) 



20

21

22

23

5711

24

5837

25

5963

6089

26

6215

27

6341

5837

28

29

6467

5963

6593

6089

30

31

671 I

62'15

6845

6341

32

6971

6467

33

6593

34

7097

7223

6719

35

7349

6845

36

7475

6971

37

7601

7097

38

39

7727

7223

40

7852

7349

7978

41

7475

8104

7601

42

43

8230

7727

44

8356

7853

8482

7978

Table 3 B-cell epitope orediction for a 127 amino acid reoeat :

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

M DVNTVNQKAASVKSTK DALDGQQN LQ RAKTEATNAITHAS D LNQAQKNALTQQVN
SAQNVHAVN D IKQTTQSLNTAMTGLKRGVAN H NQWQSDNWNADTNKKNDYN NAY
NHANDIINGNAQHPVI

8604

81 04

8858

8230

8356

8482

8608

8730

10

8984

Beoin

5

14

End

21

10

19

Epltope sequence

33

TVNOKA

KSTKDA

DGQQNLQMKTEA

Start

3208

3217

Stoo

3224

3213

19

3222

3236

RAP is not itself a toxin, but is a regulator of the expression of virulence factors. RAP is
produced and secreted by staphylococci. It activates the agr regulatory system of other
15staphylococci and activates the expression and subsequent release of virulence factors
such as hemolysin, enterotoxin B and TSST-1. Other immunodemlnant proteins Accumui
ion-associated protein (An) 20 Aap is a 140kDa protein which is essential for the accumulation
of S. apidermidis strains on surfaces (Hussain et al Infect, Immun. 1997, 65: 519). Strains
expressing this protein produced significantly larger amounts of biofilrr and Aap appear to be
involved in hiofilm formation. Antibodies against Aap are able to inhibit blofilm formation and
inhibit the 25accumulation of S, epiderrnidis Staphylococcal Secretory antigen SsaA SsaA is a
strongly immunogenic protein of 30kDa found in both S. aureus and S. epidermidis (Lang at al
2000 FEMS Immunol. Med. Microbial, 29; 213). Its expression 30during 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 adds from residue 30
to residue 130. An optional fragment of SsaA to be incorporated into the immunogenic
composition of the invention is made up of the mature protein (amino acids 27 to the
C-terminus or amino acids 30 to the C-terminus).       A further optional fragments contains the
hydrophilic area of SsaA from amino acid 30 to 10amino acid 130. Combinations
Staphylococcal infections progress through several different stages. For example, the
staphylococcal life cycle involves commensal colonisation, initiation of infection by accessing
adjoining tissues or the bloodstream, anaerobic multiplication in the blood, interplay between
S. aureus virulence determinants and the host defence mechanisms and induction of
complications including endocardifis, metastatic abscess formation and sepsis syndrome.
Different molecules on the surface of the bacterium will be involved in different steps of the
infection cycle. By targeting the immune response against a 20 combination of particular
antigens involved in different processes of Staphylococcal infection, multiple aspects of
staphylococcal function are affected and this can result in good vaccine efficacy. In particular,
combinations of certain antigens from different classes, some of which are 



42

66

100

51

117

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

the 127 amino acid repeat
5 - The 'Start" and 'Stop" columns present the position of the predicted B-cell epitopes in

the Ebh full length sequence

Table 4 T-helper cell eoitooe prediction in Ebh :

74

112

DLNQAQKNAL

123

DIKQTTQSL

ADTNKKNDYNNAY

DIINGNA

10 The fullJength sequence is disclosed in TTEMBL database, sequence reference

Q8NWQ6. One of these repeats, encoded by amino acids 3204-3331 of the full-length

sequence was chosen to carry out an epitope prediction:-

M DVNTVN QKAASVKSTKDALDGQQ N LQ RAKTEATNAITHAS DLNQAQKNALTQQVN

SAQNVHAVNDI KQTTQSLNTAMTGLKRGVANH NQWQSD NWNADTN KKN DYN NAY

NHANDIlNGNAQHPVI

3245

3269

3303

15

3254

3320

3277

3315

3326

Position repeat

1

3

Epitope sequence

6

26

MDVNTVNÔK

37

VNTVNOKAA

43

VNOKAASVK

51

LORAKTEAT

55

ITHASDLNQ

Position
seouence

61

LNOAOKNAL

64

LTQQVNSAQ

67

3204

VNSAONVHA

74

3206

VHAVNDIKO

78

3209

VNDIKQTTQ

81

3229

IKOTTOSLN

85

3240

LNTAMTGLK

91

3248

MTGLKRGVA

92

3254

LKRGVANHN

97

325A

VANHNOWO

3264

WOSDNWN

3267

VQSDNWNA

3270

WNADTNKK

3277

3281
3284

3288
3294

3295

3301

20

25 involved in adhesion to host cells, some of which are involved in iron acquisition or other
transporter functions, some of which are toxins or regulators of virulence and
immunodominant antigens can elicit an immune response which protects against multiple
stages of infection. 30Some combinations of antigens are particularly effective at inducing an
immune response. This can be measured either in animal model assays as described in the
examples and/or using an opsonophagocytic assay as described in the examples. Without
wishing to be bound by theory, such effective combinations of antigens are thought to be
enabled by a number of characteristics of the immune response to the antigen combination.
The  antigens themselves are usually exposed on the surface of Staphylococcal cells, the
tend to be conserved but also tend not to be present in sufficient quantity on the surface cell
for an optimal bactericidal response to take place using antibodies elicited against the single
antigen. Combining the antigens of the invention can result in a formulation eliciting an
advantageous combination of antibodies which interact with the Staphylococcal cell beyond a
Critical threshold. At this critical level, sufficient antibodies of sufficient quality bind to the
surface of the bacterium to allow either efficient killing by complement or neutralisation of the
bacterium. This can be measured in either an animal challenge model or an opsonisation
assay as described in the examples. 10 Preferred immunogenic compositions of the invention
comprise a plurality of proteins selected from at least two different categories of protein,
having different functions within Staphylococci. Examples of such categories of proteins are
extracellular binding proteins, transporter proteins such as Fe acquisition proteins, toxins or
regulators of virulence and 15other immunodominant proteins. In a preferred embodiment,
immunogenic composition of the invention further comprises a number of proteins equal to or
greater than 2, 3, 4, 5 or 6 selected from 2, 3 or 4 different groups selected from; 20 Group a)
extracelular component binding proteins;  Group b) transporter proteins;  Group c) toxins or
regulators of virulence a Group d) structural proteins, 25In a preferred embodiment,
immunogenic composition of the invention further comprises a number of proteins equal to or
greater than 2, 3, 4, 5 or 6 selected from 2, 3 or 4 of the following groups:  group a) - at least
one staphylococcal extracellular component binding , protein or fragment thereof selected
from the group consisting of larninin receptor, 30 SitC/MntC/saliva binding protein, EbhA,
EbhB, Elastin binding protein (EbpS), EFB (FIB), SBI, CIIA, SdrC, SdrD, SdrE, SdrG, SdrH,
SasF, lipase GehD, SasA, SasB, SasC, SasD, SasK, FnbA, FnbB, Cna, UR, FbpA, Npase,
IsaA/PisA, SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen binding
protein, coagulase, Fig and MAP; 35 group b) - at least one staphylococcal transporter protein
or fragment thereof selected from the group consisting of Immunodominant ABC transporter,
IsdA, IsdB, isdC, Mg2+ transporter, HarA, SitC and Ni ABC transporter;  group c) - at least
one staphylococcal regulator of virulence, toxin or fragment thereof selected from the group
consisting of alpha toxin (Ha), alpha toxin H35R mutant, RNA Ill activating protein (RAP);
group d) - at least one staphylococcal structural protein or immunogenic fragment thereof
selected from the group consisting of MRPII and autolysin. 



98

108

112

118

VNADTNKKN

119

YNNAYNHAN

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

in the Ebh full length sequence

YNHANDIIN

IINGNAOHP

INGNAOHPV

Fragments of the proteins of the invention may be employed for producing the conesponding

full-length polypeptide by peptide synthesis; therefore, these fragments may be employed as

intermedíates for producing the full-length proteins of the invention.

ln an embodiment, variants are used in which several, 5-10, 1-5, 1-3,1-2 or 1 amino acids

are substituted, deleted, or added in any combination.

Elastin bindino orotein (EboS)

EbpS is a protein containing 486 amino acids with a molecular weight of 83kDa. lt is

associated with the cytoplasmic membrane of S. aureus and has three hydrophobic
regions which hold the protein in the membrane (Downer et al2OO2, J. Biol. Chem. 277;

243;Parket al 1996, J. Biol. Chem. 271;15803).

Two regions between amino acids 1-205 and 343-486 are surface exposed on the outer

face of the cytoplasmic membrane. The ligand binding domain of EbpS is located

between residues 14-34 al the N-terminus (Park et al 1999, J. Biol. Chem. 274;2845).

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

acids 343-486). Alternative fragments containing up to 1, 2, 5, 10,20,50 amino acids less

at one or both ends are also possible.

Laminin receptors

21

3302

10

331 1

331 5

3321

3322

15

20

25

30

In a preferred embodiment, the immunogenic composition of the invention comprises a
number of proteins equal to or greater than 2, 3, 4, 5 or 6 selected from 2 or 3 of the following
groups: 10* group a) - at least one staphylococcal extracellular component binding protein or
immunogenic fragment thereof selected from the group consisting of laminin receptor,
SitC/MntC/saliva binding protein, EbhA, EbtiB, Bastin binding protein (EbpS), EFB (FIB), Sal,
autolysin, ClfA, SdrC, SdrD, SdrE, SdrG, SdrH, SasF, Lipase GehD, SasA, SasB, SasC,
SasD, SasK, FnbA, FnbB, Cna, CifB, FbpA, Npase, IsaA/PisA, SsaA, 15EPB, SSP-1, SSP-2,
HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig and MAP: group
b) - at least one staphylococcal transporter protein or immunogenic fragment thereof selected
from the group consisting of Immunodominant ABC transporter, IsdA, Isde, IsdC, HarA, Mg2+
transporter, SitC and Ni ABC transporter: 20s 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 I-135R mutant, RNA flr activating protein (RAP).    In a preferred
embodiment, the immunogenic composition of the invention contains at 25least one protein
selected from group a) and an additional protein selected from group b) and/or group c).    In a
further embodiment, the immunogenic composition of the invention contains at least one
antigen selected from group b) and an additional protein selected from group c) 30and/or
group a).  In a further embodiment, the immunogenic composition of the invention contains at
least one antigen selected from group c) and an additional protein selected from group a)
and/or group b). 35 An optional combination of proteins in the immunogenic composition of
the invention comprises laminin receptor and 1, 2, 3, 4 or 5 further antigens selected from the
group consisting of immunodominant ABC transporter, IsdA, IsdB, isdC, HarA, Mg2+
transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, 40 RAP,
Aap and SsaA,  A further combination of proteins in the immunogenic composition of the
invention comprises SRC and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of immunodominant ABC transporter. IsdA, !sac IsdC, HarA, M92+ transporter,
SitC, Ni ABC transporter, alpha toxin, alpha toxin 1-1351._ or H35R mutant, RAP, Aap and
SsaA. 



The laminin receptor of S. aureus plays an important role in pathogenicity, A characteristic

feature of infection is bloodstream invasion which allows widespread metastatic abscess

formation. Bloodstream invasion requires the ability to extravasate across the vascular

basement membrane. This is achieved through binding to laminin through the laminin

receptor (Lopes et al Science 1985, 229;275).

Laminin receptors are surface exposed and are present in many strains of staphylococci

including S. aureus and S. epidermidis.

sBt

Sbi is a second lgG binding protein in addition to protein A and it is expressed in most

strains of S, aureus (Zhang et al 1998, Microbiology 144; 985).

The N-terminus of the sequence of Sbi has a typical signal sequence with a cleavage site

after amino acid 29. Therefore a fragment of Sbi which could be used in an immunogenic

composition of the invention starts at amino acid residue 30, 31 ,32 or 33 and continues to

the C-terminus of Sbi, for example of SEQ lD NO: 26.

The lgG binding domain of Sbi has been identified as a region towards the N-terminus of

the protein from amino acids 41-92. This domain is homologous to the lgG binding

domains of protein A.

The minimal lgG bindíng domain of Sbi contains the followi¡g sequence:-

0TTQNNWT"::T:T"LHLKGT rEE:To" 
I 

*:REHPER.A'0EVFS Es LK

* - denotes amino acids which are similar between IgG binding
domains

ln an embodiment, a fragment of Sbi to be included in the immunogenic composition of

the invention contains an lgG binding domain. This fragment contains the consensus

sequence for an lgG binding domain as designated by * as shown in the above sequence.

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

Optionally, the fragment contains or consists of amino acids 30-92, 33-92, 30-94, 33-94,

30-1 46, 33-1 46, 30-1 50, 33-1 50, 30-1 60, 33-1 60, 33-1 70, 33-1 80, 33-1 90, 33-200, 33-205

or33-210 of Sbi, for example of SEQ lD NO:26.

A fragment may contain 1,2,3,4, 5, 6, 7, 8, 9, 10 amino acid substitutiOns frOm the

sequences indicated.
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A further combination of proteins in the immunogenic composition of the invention comprises
EbhA and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immumlominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni ABC
transporter, alpha toxin, alpha toxin I-135L or I-135R mutant, RAP, Aap and SsaA. A further
combination of proteins in the immunogenic composition of the invention comprises Ebh13
and 1, 2, 3,4 or 5 further antigens selected from the group consisting of immunodominant
ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni 15ABC transporter, alpha
toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA. A further combination of
proteins in the immunogenic composition of the invention comprises EbpS and 1, 2, 3, 4 or 5
further antigens selected from the group consisting of immunodominant ABC transporter,
IsdA, IsdB, IsdA, HarA, Mg2+ transporter, SitC, Ni 20ABC transporter, alpha toxin, alpha toxin
H35L or H35R mutant, RAP, Aap and SsaA. A further combination of proteins in the
immunogenic composition of the invention comprises EFB(FIB) and 1, 2, 3, 4 or 5 further
antigens selected from the group consisting of immunodominant ABC transporter, IsdA. IsdB,
IsdC, HarA, M92+ 25transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H351_ or
H35R mutant, RAP, Rap and SsaA, A further combination of proteins in the immunogenic
composition of the invention comprises SBI and 1, 2, 3,4 or 5 further antigens selected from
the group consisting of 30immunodominant ABC transporter, IsdA, IsdB, isdC, HarA, Mg2+
transporter, SitC. Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP,
Aap and SsaA.    A further combination of proteins in the immunogenic composition of the
invention comprises autolysin and 1, 2, 3, 4 or 5 further antigens selected from the group
35consisting of immune:x:1nm nant ABC transporter, IsdA, lsdB, IsdC, HarA, Mg2+
transporter, Site, Ni ABC transporter, alpha toxin, alpha toxin F1351.. or H35R mutant, RAP,
Aap and SsaA. A further combination of proteins in the immunogenic composition of the
invention comprises CITA and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of immunodorninant ABC transporter, IsdA, isdB, isdC. HarA, Mg2+ transporter,
SitC, Ni ABC transporter. alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.



A fragments may contain multiple repeats (2,3,4,5, 6, 7,8, 9 or 10) of the lgG binding

domain.

5 EFB. FIB

Fib is a 19kDa fibrinogen binding protein which is secreted into the extracellular medium

by S, aureus. lt is produced by all S aureus isolates tested (Wastfelt and Flock 1995, J.

Clin. Microbiol. 33; 2347).

S. aureus clumps in the presence of fibrinogen and binds to fibrinogen coated surfaces.

This ability facilitates staphylococcal colonisation of catheters and endothelial cells.

Fib contains a signal sequence at the N-terminus of the protein with a putative cleavage

site at about amino acid 30. In an embodiment, the immunogenic composition of the

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

acid 30 to the C{erminus of the protein).

Fbe - EfB/Flc

Fbe is a fibrinogen binding protein that is found in many isolates of S. epidermrdrs and has

a deduced molecularweightof 119 kDa (Nilsson et al 1998. lnfect. lmmun.66; 2666). lts

sequence is related to that of clumping factor from S. aureus (ClfA). Antibodies against

Fbe can block the binding of S. epldermidis to fibrinogen coated plates and to catheters

(Peiand Flock 2001, J. lnfect. Dis. 184; 52).

Fbe has a putative signal sequence with a cleavage site between amino acids 51 and 52.

Therefore a potential fragment of Fbe contains the mature form of Fbe extending from

amino acid 52 to the C-terminus (amino acid 1,092).

The domain of Fbe from amino acid 52 to amino acid 825 is responsible for fibrinogen

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

825.

The region between amino acid 373 and 516 of Fbe shows the most conservation

between Fbe and ClfA. ln an embodiment, the fragment contains amino acids 373-516 of
Fbe.
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A further combination of proteins in the immunogenic composition of the invention 10
comprises SdrC and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodorninant ABC transporter, IsdA, isdS, Isde, HarA, Mg2+ transporter, SitC, Ni ABC
transporter; alpha toxin, alpha toxin H35L or H35R mutant, RAP. Aap and SsaA. A further
combination of proteins in the immunogenic composition of the invention 15  comprises Sdrt)
and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of immunodorninant
ABC transporter, isdA, IsdB, isdC, Hark M92+ transporter, SitC, Ni ABC transporter, alpha
toxin, alpha toxin I-13ft or H35R mutant, RAP. Aap and SsaA. A further combination of
proteins in the immunogenic composition of the invention 20  complises SdrE and 1, 2, 3, 4 or
5 further antigens selected from the group consisting of immunodominant ABC transporter,
IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SRC, NI ABC transporter, alpha toxin, alpha toxin
H35L or H35R mutant, RAP, Aap and SsaA. A further combination of proteins in the
immunogenic composition of the invention 25  comprises SdrG and 1, 2, 3, 4 or 5 further
antigens selected from the group consisting of immunodominant ABC transporter. IsdA, isdB,
IsdC. HarA, Mg2+ transporter, SltC, Ni ABC transporter, alpha toxin, alpha toxin H35L or
H35R mutant and RAP. A further combination of proteins in the immunogenic composition of
the invention 30  comprises SdrH and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of immunodominant ABC transporter, IsdA. sdB, lsdC, HarA, M92+ transporter;
SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Asp and SsaA.
A further combination of proteins in the immunogenic composition of the invention
35comprises SasF and 1, 2, 3,4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni ABC
transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Asp and SsaA A further
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, IsdC, HarA, Mg2+ transporter, SitC, Ni ABC
transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA, 10A further
combination of proteins in the immunogenic composition of the invention  comprises SasF and
1, 2, 3, 4 or 5 further antigens selected from the group consisting of immunodominant ABC
transporter, isdA, IsdB, IsdC, HarA, Mg2+ transporter, SitCs Ni ABC transporter, alpha toxin,
alpha toxin H35L or H35R mutant, RAP, Asp and SsaA. 15A further combination of proteins in
the immunogenic composition of the invention comprises FnbA and 1, 2, 3, 4 or 5 further
antigens selected from the group consisting of immunodorninant ABC transporters IsdA, IsdB,
isdC, HarA, fv1g2+ transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or
H35R mutant, RAP, Asp and SsaA. 29A further combination of proteins in the immunogenic
composition of the invention  comprises Fribl3 and 1, 2, 3. 4 or 5 further antigens selected
from the group consisting of immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+
transporters SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP,
Asp and SsaA. 25A furthe: combination of proteins in the immunogenic composition of the
invention comprises Cna and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of iminunodonlinant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter,
SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Asp and SsaA,



Amino acids 825 - 1041 of Fbe contains a highly repetitive region composed of tandemly

repeated aspartic acid and serine residues.

lsaA/PisA

lsaA is a 29kDa protein, also known as PisA has been shown to be a immunodominant

staphylococcal protein during sepsis in hospital patients (Lorenz et al 2000, FEMS

lmmunol. Med. Microb. 29; 145).

10 The first 29 amino acids of the lsaA sequence are thought to be a signal sequence. ln an

embodiment, the fragment of lsaA to be included in an immunogenic composition of the

invention contains amino acid residues 30 onwards, to the end of the coded sequence.

Fibronectin binding prote¡n

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. ln an embodiment

fragments of fibronectin binding protein A or B comprise or consist of D1 , D2, D3, D4, D1-

D2,D2-D3, D3-D4, D1-D3, D2-D4 or D1-D4.

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

15

20

\IKNNIJRYG I RKHKIJ CÀÀ g\rF lJcl1til ¡GTMGQDKEAÀ

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

immunogenic composition of the invention.

Transporter proteins

The cell wall of Gram posilive 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 baclerium and are therefore essential for the viability of the bacterium.

The term lransporter protein covers proteins involved in the initial step of binding to

metabolites such as iron as well as lhose involved in actually transporting the metabolite

into the bacterium.
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30A further combination of proteins in the immunogenic composition of the invention
comprises afB and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni ABC
transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Asp and SsaA,  A further
combination of proteins in the immunogenic composition of the invention comprises FbpA and
1, 2, 3, 4 or 5 further antigens selected from the group consisting of immunodominant ABC
transporter, IsdA, IsdB, lsdC, HarA, Mg2+ transporter, Site, Ni ABC transporter, alpha toxin,
alpha toxin H35L or H35R mutant, RAP, Aap and SsaA. A further combination of proteins in
the immunogenic composition of the invention comprises Neese and 1, 2, 3, 4 or 5 further
antigens selected from the group consisting of immunodominant ABC transporter, IsdA, isdB,
isdC, HarA, Mg2+ transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H351.. or
H35R mutant, RAP, Asp and SsaA. 10 A further combination of proteins in the immunogenic
composition of the invention comprises IsaA/PisA and 1, 2, 3. 4 or 5 further antigens selected
from the group consisting of inirriunodorninarit ABC transporter, isdA, IsdB, isdC, HarA, Mg2+
transporter, Site, Ni ABC transporter, alpha toxin, alpha toxin H351.. or H35R mutant, 15
RAP, Aap and SsaA. A further combination of proteins in the immunogenic composition of the
invention comprises SsaA and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of imrnunodorninant ABC transporter, IsdA, IsdE, SC, FlarA, Mg2+ transporter,
SitC, Ni 20 ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and
Stay A further 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
Immunodorninant ABC transporter, IsdA, IsdB. ISC, HarA, Mg2+ transporter, Site, Ni 25 ABC
transporter, alpha toxin, alpha toxin 1135L or H35R mutant, RAP, Aap and SsaA. A further
combination of proteins in the immunogenic composition of the invention comprises 6SP-1
and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of imrnunodorninant
ABC transporter, isdA, IsdB, IsdC, HarA, Mg2+ transporter, SitC, Ni 30 ABC transporter, alpha
toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA. A further combination of
proteins in the immunogenic composition of the invention comprises SSP-2 and 1, 2, 3, 4 or 5
further antigens selected from the group consisting 



Molecular iron is an essential co.factor for bacterial growth. Siderophores are secreted

that bind free iron and then are captured by bacterial surface receptors that deliver iron for

transport across the cytoplasmic membrane. lron acquisition is critical for the

establishment of human infections so that the generation of an immune response against

this class of proteins leads to a loss of staphylococcal viability.

Examples of transporter proteins include lmmunodominant ABC transporter (Burnie et al

2000 lnfect. lmun. 68; 3200), lsdA (Mazmanian et al 2002 PNAS 99; 2293), lsdB

(Mazmanian el al 2002 PNAS 99; 2293), lsdC (WO 06159247), Mg2+ transporter, SitC

(Wiltshire and Foster 2001 lnfect. lmmun. 69; 5198)and Ni ABC transporter.

I mmunodominant ABC transporter

lmmunodominant ABC transporter is a well conserved protein which may be capable of

generating an immune response that is cross-protective against different staphylococcal

strains (Mei et al 1997, Mol. Microbiol. 26; 399). Antibodies against this protein have been

found in patients with septicaemia (Burnie et al 2000, lnfect. lmmun. 68; 3200).

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

GNYD, RRYPF, KTTLLK, GVTTSLS, VDWLR, RGFL, KIKVWGNYDFWYQS,

TVIWSHDRHFLYNNV and/or TETFLRGFLGRMLFS since these sequences contain

epitopes that are recognised by the human immune systern.
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lsdA-lsdB

The isd genes (iron-regulated surface determinan$ of S. aureus encode proteins

responsible for haemoglobin binding and passage of haem iron to the cytoplasm, where it

acts as an essential nutrient. lsdA and lsdB are located in the cell wall of staphylococci.

lsdA appear to be exposed on the surface of bacterium since it is susceptible to

proteinase K digestion. lsdB was partially digested suggesting that it is partially exposed

on the surface of the bacterium (Mazmanian et aI2003 Science 299; 906).
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of irnrnunodominant ABC transporter, isdA, IsdB. 15G. HarA, Mg2+ transporter, SitC, Ni 35
ABC transporter, aipha toxin, alpha toxin H35L or H35R mutant, RAP, Asp and SsaA.  A
further combination of proteins in the immunogenic composition of the invention comprises
HPB and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodorninant ABC transporter, isdA, sdB, IsdC, HarA, Mg2+ transporter, Site, Ni ABC
transporter, alpha toxin, alpha toxin H35L. or H35R mutant, RAP, Aap and SsaA, A further
combination of proteins in the immunogenic composition of the invention comprises vitronectin
binding protein and 1, 2, 3, 4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, IsdA, IsdB, Isde, HarA, Mg2+ 10transporter, SRC, Ni ABC
transporter, alpha toxin, alpha toxin H351_ or H35R mutant, RAP. Aap and SsaA. A further
combination of proteins in the immunogenic composition of the invention comprises fibrinogen
binding protein and 1, 2, 3, 4 or 5 further antigens selected from 15  the group consisting of
immuncdominant ABC transporter, isdA, isdB, IsdC, HarA, Mg2+ transporter, Site, Ni ABC
transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA, A further
combination of proteins in the immunogenic composition of the invention 20  comprises
coaguiase and 1, 2. 3, 4 or 6 further antigens selected from the group consisting of
irrirntmodorninant ABC transporter, isdA. isdB, Iszle, Hank, Mg2+ transporter, SitC, Ni ABC
transporter, alpha toxin, alpha toxin H351_ or H35R mutant, RAP, Aap and SsaA, 25A further
combination of proteins in the immunogenic composition of the invention  comprises Fig and
1, 2, 3, 4 or 5 further antigens selected from the group consisting of irnmunodominant ABC
transporter, isdA, isdB, WC, HarA. Mg2+ transporter, SiiC, Ni ABC transporter, alpha toxin,
alpha toxin i-135L. or I-135R mutant, RAP, Aap and SsaA. 30A further combination of proteins
in the immunogenic composition of the Invention comprises MAP and 1, 2, 3, 4 or 5 further
antigens selected from the group consisting of immunodominant ABC transporter. isdA, Isdf3,
isdC, HarA, Mg2+ transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or
i135R mutant, RAP, Aap and SsaA.  A further combination of protein in the immunogenic
composition of the invention comprises immunodominant ABC tranporter and 1, 2, 3, 4 or 5
further antigens selected from the group consisting of iarrinin receptor, SitC/MntC/saliva
binding protein, EbtiA, EbhB, Elastin binding protein (EbpS), EFS (FIB), SBI, autolysin, ClfA,
SdrC, SdrD, SdrE, SdrG, SdrH, Lipase GehD, SasA, FnbA, FnbB, Cna, ClfA, CUB, FbpA,
Npase, IsaA/PisA, SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen
binding protein, coaguiase, Fig, MAP, alpha toxin, alpha toxin H35L or H35R mutant, RAP,
Aap and SsaA, A further combination of protein in the immunogenic composition of the
invention 10 comprises IsdA and 1, 2, 3,4 or 5 further antigens selected from the group
consisting of laminin receptor, SitC/MntC/saliva binding protein, EbhA, EbhB, Bastin binding
protein (EbpS), EFB (FIB), SI31, autolysin, CifA, SdrC, SdrC, SdrE, SdrG, $drH, SasF, Lipase
GehD, SasA, FnbA, Fnla Cna, CifA, CifB, FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1,
SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig, MAP, 



lsdA and lsdB are both 29kDa proteins which bind heme. Their expression is regulated by

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

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

They are also known as FrpA and FrpB (Morrissey et al2002,lnfect. lmmun. 70; 2399).

FrpA and FrpB are major surface proteins with a high charge. They have been shown to

provide a major contribution to adhesion to plastic.

ln an embodiment, the immunogenic composition of the invention comprises a fragment of

lsdA and/or lsdB which is described in WO 01/98499 or WO 03/11899.

Toxins and regulators of virulence

10

Members of this family of proteins include toxin such as alpha toxin, hemolysin,

enterotoxin B and TSST-1 as well as proteins that regulate the production of toxins such

15 as RAP.

Alpha toxin (Hla)

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

is a pore forming toxin with haemolytic activity. Antibodies against alpha toxin have been

shown to neutralise the detrimental and lethal effects of alpha toxin in animal models

(Adlam et al 1977 lnfect. lmmun. 17;2501. Human platelets, endothelial cells and

mononuclear cells are susceptible to the effects of alpha toxin,

The high toxicity of alpha toxin requires that it should be detoxified before being used as

an immunogen. This can be achieved by chemical treatment, for instance by treating with

formaldehyde, glutaraldehyde of other cross-linkíng reagents 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

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

removal of toxicity whilst retaining immunogenicity (Menzies and Kernodle 1996; lnfect.
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15alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA. A further combination
of protein in the immunogenic composition of the invention comprises Isd13 and 1, 2, 3,4 or 5
further antigens selected from the group consisting of laminin receptor, SitC/Mn1Cisaliva
binding protein, EbhA, Ebh13, Eiastin binding protein 20 (EbpS), EFB (FIB), SBI, autolysin,
ClfA, SdrC, SdrG, SdrH, SasF, Lipase GehD, SasA, FnbA, Fnta Cna, ClfA, CUB, 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, 25A further combination of protein in the immunogenic composition of the
invention comprises SitC and 1, 2, 3, 4 or 5 further antigens selected from the group
consisting of laminin receptor. SitC/MntC/saliva binding protein, EbtIA, EbhB, Erastin binding
protein (EbpS), EFB (FIB), SBI, autolysin, OM, SdrC, SdrD, SdrE, Sdre, SdrH, SasF, Lipase
GehD, SasA, FnbA, FnbEi, Cna, CIIA, Cif13, FbpA, Npase, IsaAlPisA, SsaA, EPB, SSP-1,
30SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig, MAP,
alpha toxin, alpha toxin H35L or H35R mutant, RAP, Rap and SsaA.    A further combination
of protein in the immunogenic composition of the invention comprises alpha toxin and 1, 2, 3,
4 or 5 further antigens selected from the group 35consisting of laminin receptor,
SitC/MntC/saliva binding protein, EbhA, Ebhi3, Bastin 36 binding protein (EbpS), EFB (FIB),
SB1, autolysin, CIA, &Ire, SdrD, SdrE, SdrG, SdrH, SasF, Lipase Gent), SasA, FnbA, FnbB,
CM, CifB, FbpA, Npase, isaAiPisA, SsaA, EPS, SSP-1, SSP-2, HBP, Vitronectin binding
protein, fibrinogen binding protein, coaguiase, Hg, MAP, immunodominant ABC transporter,
isdA, IsdB, isdC, HarA, Mg2+ transporter, 5SitC, Ni ABC transporter, Asp and SsaA. A further
combination of protein in the immunogenic composition of the invention comprises alpha toxin
H35L OR H35R variant and 1, 2, 3, 4 or 5 further antigens selected from the group consisting
of laminin receptor, SitC/MntCisaliva binding protein, EbhA,  10 EbhB, Eiastin binding protein
(EbpS), EFS (FIB), SBI, autolysin, CIA, SdrC, SdrD, SdrE, SdrO, SdrH, SasF, Lipase GehD,
SasA, FnbA, Enbe, Cna, ClfB, FbpA, Npase, IsaA/PisA, SsaA, EPS, SSP-1, SSP-2, HBP,
Vitronectin binding protein, fibrinogen binding protein, caagulase, Fig, MAP, imrnunodorninant
ABC transporter, IsdR, sdB, ledC, HarA, Mg2+ transporter, SitC, Ni ABC transporter, Rap and
SsaA. 15 A further combination of protein in the immunogenic composition of the invention
comprises RAP and 1, 2; 3, 4 or 5 further antigens selected from the group consisting of
laminin receptor, SitC/MnIC/saliva binding protein, EhhA, EbhB, Eiastin binding protein
(EbpS), EFB (FIB), SBI, autolysin, CIA, StirC, SdrD, SdrE, SdrG, SdrH, SasF; Lipase  20
Gehl), SasA, FnbA, EnbB, One, CifB, FbpA, Npase, Isa.A/PisA, SsaA, EPB, SSP-1, SSP2,
HAP, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig, MAP,
immunodorninant ABC transporter, isdA, IsdB, isde, Hath, Mg2+ transporter, SitC, Ni ABC
transporter. Rap and SsaA. 25A further combinations of protein in the immunogenic
composition of the invention comprises isdA and IsdB; IsdA and CIA; IsdA and CifB; isdA and
SdrC; IsdA and SdrD; isdA and ScirE; isdA and SdrG; isdA and SasF;IsdB and CIA; isdEi and
ChM; Isda and SdrC; Isd13 and ScirD; MB and SdrE; isdB and SdrG; IsdB and SasF; CIA and
CifB; ClfA and SdrC; ClfA and Sdri); CIA and SdrE; CIA and SasF; CB and SdrC; CM and
SdrD; 



lmmun. 64; 1S39). Histidine 35 appears to be critical for the proper oligomerization

required for pore formation and mutation of this residue leads to loss of toxicity.

When incorporated into immunogenic compositions of the invention, alpha toxin is

optionally detoxified by mutation of His 35, for example by replacing His 35 with Leu or

Arg. ln an altemative embodiment, alpha toxin is detoxified by conjugation to other

components of the immunogenic composition, for example capsular polysaccharides or

PNAG, optionally to S. aureus type 5 polysaccharide and/or S' aureus Type 8

polysaccharide and/or PNAG.

RNA lllactivatinq protein (RAP)

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

produced and secreted by staphylococci. lt 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.

Other immunodomlnant proteins

Accumulation'associated protein (Aap)

Aap is a 140kDa protein which is essential for the accumulation of S. epidermidis strains

on surfaces (Hussain etal lnfect. lmmun. 1997,65; 519). Strains expressing this protein

produced sÍgnificantly larger amounts of biofilm and Aap appear to be involved in biofilm

formation. Antibodies against Aap are able to inhibit biofilm formation and inhibit the

accumulation of S. epidermidis.

Staphylococcal Secretory antigen SsaA

SsaA is a strongly immunogenic protein of 30kDa found in both S. aureus and S.

epidermidis (Lang et al 2000 FEMS lmmunol. Med. Microbiol. 29; 213), lts expression

during endocarditis suggested a virulence role specific to the pathogenesis of the

infectious disease.
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30 CifB and SdrE; CifB and SasF; SdrC and SdrD; SdrC and SdrE; SdrC and SasF; SdrD and
SdrE; SdrD and SasF; SdrE and SasF.    In the above and below combinations, the specified
proteins may optionally be present in the immunogenic composition of the invention as a
fragment or fusion protein as 35described above,  Combinations of three proteins In an
embodiment, the immunogenic composition of the invention further comprises three protein
components in a combination of alpha-toxin, an extracellular component binding protein (for
example an adhesin) and a transporter protein (for example an iron-binding protein).  In such
a combination, the alpha toxin may be chemically detoxified or genetically detoxified by
introduction of point mutation(s), for example the His35Leu point mutation, 10The alpha toxin
is present as a free protein or alternatively is conjugated to a polysacchadde or PNAG
component of the immunogenic composition. Examples of combinations include:-  An
immunogenic composition comprising alpha toxin, IsdA and an extracellular component
binding protein selected from the group consisting of laminin receptor, SitC/MntC/saliva
binding protein, EbhA, EbhB, Elastin binding protein (EbpS), EFB (FIB), SBI, autolysin, ClfA,
SdrC, SdrG, SdrH, Lipase GehD, SasA, FnbA, EnbB, Cna, CifB, FbpA, Npase, IsaA/PisA,
SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin binding protein, 20fibrinogen binding protein,
coagulase, Fig and MAP. An immunogenic composition comprising alpha toxin, IsdB and an
extraceilular component binding protein selected from the group consisting of laminin
receptor, SitC/MntC/saliva binding protein, EbhA, EbhB, Bastin binding protein (EbpS), EFB
(FIB), 25 SBI, autolysin, ClfA, SdrC, SdrD, SdrE, SdrG, SdrH, Lipase GehD, SasA, EnbA,
FnbB, Cna, ClfB, FbpA, Npase, IsaA/PisA, SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin
binding protein, fibrinogen binding protein, coagulase, Fig and MAP. An mmunogenic
composition comprising alpha toxin, IsdA and an adhesin selected from 30 the group
consisting of larninin receptor, EbhA, EbhB, Elastin binding protein (EbpS), EFB (FIB), CifA,
SdrC, SdrD, SdrE, SdrG, SdrH, autolysin, FnbA, Enloe, Cna, CUB, FbpA, Npase, SSP-1,
SSP-2, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig and MAP. 35An
immunogenic composition comprising alpha toxin, IsdB and an adhesin selected from the
group consisting of laminin receptor, EbhA, EbhB, Elastin binding protein (EbpS), EFB (FIB),
autolysin, ClfA, SdrC, SdrD, SdrE, SdrG, SdrH, EnbA, Enba, Cna, ClfB, FbpA, Npase, SSP-1,
SSP-2, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig and MAP. 40 An
immunogenic composition comprising alpha toxin, IsdA and laminin receptor. 



SsaA contains an N-terminal leader sequence and a signal peptidase cleavage site. The

leader peptide is followed by a hydrophilic region of approximately 100 amino acids from

residue 30 to residue 130.

An optional fragment of SsaA to be incorporated into the immunogenic composition of the

invention is made up of the mature protein (amino acÍds 27 to the C-terminus or amino

acids 30 to the C-terminus).

A further optional fragments contains the hydrophilic area of SsaA from amino acid 30 to

10 amino acid 130.

Gombinations

Staphylococcal infections progress through several different stages. For example, the

staphylococcal life cycle involves commensal colonisation, initiation of infection by

accessing adjoining tissues or the bloodstream, anaerobic multiplication in the blood,

interplay bêtween S. aureus virulence determinants and the host defence mechanisms

and induction of complications includlng endocarditis, metastatic abscess formation and

sepsis syndrome. Different molecules on the surface of the bacterium will be involved in

ditferent steps of the infeclion cycle. By targeting the immune response against a

combination of particular antigens involved in different processes of Staphylococcal

infec.tion, multiple aspects of staphylococcal function are affected and this can result in

good vaccine efficacy.

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

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

transporter functions, some of which are toxins or regulators of virulence and

immunodominant antigens can elicit an immune response which protects against multiple

stages of infection.

Some combinations of antigens are particularly effective at inducing an immune response.

This can be measured either in animal model assays as described in the examples

and/or using an opsonophqgocytic assay as described in the exarnples. Without wishing

to be bound by theory, such effective combinations of antigens are thought to be enabled

by a number of characteristics of the immune response to the antigen combination. The
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38  Art immunogenic composition comprising alpha toxin, IsdA and EbhA. An immunogenic
composition comprising alpha toxin, IsdA and EbhB. An immunogenic composition comprising
alpha toxin, IsdA and EbpS. An immunogenic composition comprising alpha toxin, IsdA and
EFB (FIB), 10 An immunogenic composition comprising alpha toxin, IsdA and SdrG. An
immunogenic composition comprising alpha toxin, IsdA and ClfA. An immunogenic
composition comprising alpha toxin, IsdA and Cif B. An immunogenic composition comprising
alpha toxin, IsdA and FnbA. An immunogenic composition comprising alpha toxin, IsdA and
coagulase, 20 An immunogenic composition comprising alpha toxin, IsdA and Fig. An
immunogenic composition comprising alpha toxin, IsdA and SdrH. An immunogenic
composition comprising alpha toxin, IsdA and SdrC. An immunogenic composition comprising
alpha toxin, IsdA and SdrD. An immunogenic composition comprising alpha toxin, IsdA and
SdrE. 30 An immunogenic composition comprising alpha toxin, IsdA and MAP. An
immunogenic composition comprising IsaA and Sbi. An immunogenic composition comprising
IsaA and IsdB. 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,  An immunogenic composition comprising Sbi
and SdrC.     An immunogenic composition comprising Sbi and Ebh or fragment thereof as
described 5 above. An immunogenic composition of the invention comprising IsaA, Sbi or
SdrC Selection of antigens expressed in different clonal linea 10 Analysis of the occurrence of
virulence factors in relation with the population structure of Staphylococcus aureus showed
variable presence of virulence genes in natural populations of S. atlfOLIS. 15Among clinical
isolates of Staphylococcus aureus, at least five clonal lineages were shown to be highly
prevalent (Booth et a, 2001 Infect Immun. 69(1):345-52). Alphahemolysin (hla),
fibronectin-binding protein A (InbA) and clumping factor A (GM) were shown to be present in
most of the isolates, regardless of lineage identity, suggesting an important role of these
proteins in the survival of S. aureus (Booth eta!,, 2001 Infect 20immun. 69(1):34552).
Moreover, according to Peacock et al. 2002 the distributions of 



ant¡gens themselves are usually exposed on the surface of Staphylococcal cells, they

tend to be conserved but also tend not to be present in sufficient quantity on the surface

cell for an optimal bactericidal response to take place using antibodies elicited against the

single antigen. Combining the antigens of the invention can result in a formulation eliciting

an advantageous combination of antibodies which ínteract with the Staphylococcal cell

beyond a critical threshold. At this critical level, sufficient antibodies of sufficient quality

bind to the surface of the bacterium to allow either efficient killing by complement or

neutralisation of the bacterium. This can be measured in either an animal challenge model

or an opsonisation assay as described in the examples.

Prefened immunogenic compositions of the invention comprise a plurality of proteins

selected from at least two different categories of protein, having different functions within

Staphylococci. Examples of such categories of proteins are extracellular binding proteins,

transporter proteins such as Fe acquisition proteins, toxins or regulators of virulence and

other immunodominant proteins.

ln a preferred embodiment, immunogenic composition of the invention further comprises

a number of proteins equal to or greater than 2, 3, 4, 5 or 6 selected from 2, 3 or 4
different groups selected from;
. Group a) extracelular component binding proteins;
o Group b) transporter proteins;

o Group c) toxins or regulators of virulence
o Group d) structural proteins,

ln a preferred embodiment, immunogenic composition of the invention further comprises

a number of proteins equal to or greater than 2, 3, 4, 5 or 6 selected from 2,3 or 4 of the
following groups:

o gtoup a) - at least one staphylococcal extracellular component binding protein or
fragment thereof selected from the group consisting of laminin receptor,

SitC/MntC/saliva binding protein, EbhA, EbhB, Elastin binding protein (EbpS), EFB

(FlB), SBl, ClfA, SdrC, SdrD, SdrE, SdrG, SdrH, SasF, lipase GehD, SasA, SasB,

SasC, SasD, SasK, FnbA, FnbB, Cna, ClfB, FbpA, Npase, lsaA/PisA, SsaA, EPB,

SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase,

Fig and MAP;
o group b) - at least one staphylococcal transporter protein or fragment thereof selected

from the group consisting of lmmunodominant ABC transporter, lsdA, lsdB, lsdC,

Mg2+ transporter, HarA, SitC and NiABC transporter;
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inbA,coagulase, spa, map, pvl (Panton-Valentine leukocidin), Mg (gamma-toxin), alpha-toxin
and ica appeared to be unrelated to the underlying clonal structure suggesting considerable
horizontal transfer of these genes. 25In contrary, other virulence genes such as fihronectin
binding protein 8 (fnb8), beta- hemolysin (Mb), collagen binding protein (cna), TSST-1 (tst)
and methicillin resistance gene (mecA) are strongly associated with specific lineages (Booth
et a, 2001 Infect immun. 69(1):345-52). Similarly, Peacock et a 2002 (Infect Immun.
70(9):4987-96) showed that the distributions of the enterotoxins, 1st, the exfolatins (eta and
etb), beta- 30and delta-toxins, the sdr genes (sdrD, sdrE and bbp), cna, ebpS and efb within
the population are all highly significantly related to MLST-derived clonal complexes. 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 etal., 2003 .1 Bacteriol. 185(11):3307-16).  In an embodiment,
immunogenic compositions of the invention are effective against staphylococci from different
clonal lineages. 6In an embodiment, the immunogenic composition comprises 1, 2, 3, 4, or at
least 1  protein that is expressed in most isoiates of staphylococci, Examples of such proteins
include alpha-hemolysin (Ma), fibronectin-binding protein A (fnbA) and clumping factor A
(OA), coagulase, spa, map, pvi (Panton-Valentine leukocidin), hig (gamma-toxin) ica,
immunodorninant ABC transporter, RAP, autolysin (Rupp et al 2001, J. Infect. Dis. 183; 10
1038), faminin receptors, SitC, IsaA/PisA, SPOIIIE (), SsaA, EbpS, SasF (Roche et al 2003,
Microbiology 149; 643), EFB(FIB), SBI, ClfB, IsdA, IsdB, FribB, Npase, EBP, Bone sialo
binding protein II, IsaBlPise (Lorenz et al FEMS Immuno. Med, Microb. 2000, 29; 145), SasH
(Roche et at 2003, Microbiology 149; 643), MRPI, SasD (Roche et at 2003, Microbiology 149;
643), SasH (Roche et at 2003, Microbiology 149; 643), aureolysin 15precursor (AUR)/Seppl
and novel autolysin. In an alternative embodiment, 2 or more proteins which are expressed in
different sets of clonal strains are included in the immunogenic composition of the invention.
Optionally the combination of antigens will allow an immune response to be generated that is
effective 20 against multiple clonal strains, or against all clonal stains. For example
combinations include FnbB and betahemolysin, Fribe and Cna, FrIbB and TSST-1, EnbB and
rnecA, FnbB and SdrD, FribB arid SdrF, FribB and EbpS, FnbB and Efb, beta-haemolysin and
Cna, beta-haemolysin and TSST-1, beta-haemolysin and mecA, beta-haemolysin and SdrD,
beta-haemolysin and SdrF, beta-haemolysin and EbpS, beta-haemolysin and Efb, 25 Cna and
TSST-1, Cna and mecA, Cna and SdrD, Cna and Sdrf, Cna and EbpS, Cria and Efb, TSST-1
and mecA, TSST-1 and SdrD, TSST-1 and SdrF, TSST-1 and EbpS, IssT-1 and Elb, MecA
and SdrD, MecA and SdrF, MecA and EbpS, MecA and Efb, SdrD and SdrE, SdrD and EbpS,
SdeD and Eft). SdrF and EbpS, SdrF and Efb, and, EbpS and Efb. 30 The combinations
described above may be combined with additional components described above. Protection
against S. aurests and S. epidermidis 35 



group c) - at least one staphylococcal regulator of virulence, toxin or fragment thereof

selected from the group consisting of alpha toxin (Hla), alpha toxin H35R mutant, RNA

lll activating protein (RAP);

group d) - at least one staphylococcal structural protein or immunogenic fragment

thereof selected from the group consísting of MRPII and autolysin.

In a preferred embodiment, the immunogenic composition of the invention comprises a

number of proteins equal to or greater than 2, 3, 4, 5 or 6 selected from 2 or 3 of the
following groups:
r group a) - at least one staphylococcal extracellular component binding protein or

immunogenic fragment thereof selected from the group consisting of laminin receptor,
SitO/MntC/saliva binding protein, EbhA, EbhB, Elastin binding protein (EbpS), EFB
(FlB), SBl, autolysin, ClfA, SdrC, SdrD, SdrE, SdrG, SdrH, SasF, Lipase GehD, SasA,

, SasB, SasC, SasD, SasK, FnbA, FnbB, Cna, ClfB, FbpA, Npase, lsaA/PisA, SsaA,

EPB, SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein,

coagulase, Fig and MAP;
o group b) - at least one staphylococcal transporter protein or immunogenic fragment

thereof selected from the group consisting of lmmunodominant ABC transporter, lsdA,

lsdB, lsdC, HarA, Mg2+ transporter, SitC and N¡ABC transporter;
r gloup 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 lllactivating protein (RAP).

ln a preferred embodiment, the immunogenic composition of the invention contains at
least one protein selec{ed from group a) and an additional proteín selected from group b)
and/or group c).

ln 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).

ln 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).

An optional combination of proteins in the immunogenic composition of the invention

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

consisting of immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+

transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant,

RAP, Aap and SsaA.
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In an embodiment of the invention the immunogenic composition provides an effective
immune response against more than one strain of staphylococci, for example against strains
from both S. aureus and S. epidermidis. For example, a protective immune response is
generated against type Sand 8 serotypes of S. aureus. One use of the immunogenic
composition of the invention is to prevent nosocomial infections, for instance in elective
surgery patients, by inoculating prior to hospital treatment. At this stage, it is difficult to
accurately predict which staphylococcal strains the patient will be exposed to. It is therefore
advantageous to inoculate with a vaccine that is 10  capable of generating an effective
immune response against various strains of staphylococci. An effective immune response is
defined as an immune response that gives significant protection in a mouse challenge model
or opsonophagocytosis assay as described in the 15 examples. Significant protection in a
mouse challenge model, for instance that of example 5, is defined as an increase in the L050
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 of example 8, is
defined as a decrease in the mean observed LogCFUMose of at least 10%, 20%, 50%, 70%
or 90%. The presence of 20 opsonising antibodies is known to correlate with protection,
therefore significant protection is indicated by a decrease in the bacterial count of at ieast
10%, 20%, 50%, 70% or 90% in an opsonophagocytosis assay, for instance that of example
7. Several of the proteins including immunodorninant ABC transporter, RNA Ill activating 25
protein, Laminin receptors, SitC, IsaNPisA, SsaA, EbhA/EbhB, EbpS and Aap are well
conserved between S. aureus and S. epidemidis and example 8 shows that IsaA, ClfA, IsdB,
SWG, HarA, FnbpA and Sbi can generate a cross-reactive immune response (for example
crossreactive between at least one S. aureus and at least one S. epidennidis strain). PIA is
also well conserved between S. aureus and S. epidermidis. 30 Therefore in an embodiment,
the immunogenic composition of the invention will comprise PNAG and type 5 and 8
polysaccharides and one, two, three or four of the above proteins. Vaccines  In an
embodiment, the immunogenic composition of the invention is mixed with a pharmaceutically
acceptable excipient, and optioanlly with an adjuvant to form a vaccine. The vaccines of the
present invention may be adjuvanted, particularly when intended for 5 use in an elderly
population but also for use in infant populations. Suitable adjuvants include an aluminum salt
such as aluminum hydroxide gel or aluminum phosphate or alum, but may also be other metal
salts such as those of calcium, magnesium, iron or zinc, or may be an insoluble suspension of
acylated tyrosine, or acylated sugars, cationically or anionically derivatized saccharides, or
polyphosphazenes. 10 It is preferred that the adjuvant be selected to be a preferential inducer
of a TH1 type of response. Such high levels of Th1-type cytokines tend to favour the induction
of cell mediated immune responses to a given antigen, whilst high levels of Th2-type
cytokines tend to favour the induction of humoral immune responses to the antigen. 15 The
distinction of Thl and Th2-type immune response is not absolute. In reality an individual will
support an immune response which is described as being predominantly TM or predominantly
Th2. However, it is often convenient to consider the families of cytokines in terms of that
described in murine CD4 ve T cell clones by Mosmann and 20 Coffman (Mosmann, T.R. and
Coffman, R,L, (1989) TH1 and TH2 cells: different patterns of lymphokine secretion lead to
different functional properties. (Annual Review of Immunology, 7, p145-173). Traditionally,
Thl-type responses are associated with the production of the INF-y and IL-2 cytokines by
T-Iymphocres. Other cytokines often directly associated with the induction of Thl-type immune
responses are not produced by 



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

comprises SitC and 1,2,3,4 or 5 further antígens selected from the group consisting of

immunodominant ABC transporter, lsdA, lsdB, lsdO, HarA, Mg2+ transporter, S¡tC, Ni

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

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

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

immunodominant ABC transporter, lsdA, lsdB, lsdc, HarA, Mg2+ transporter, Sitc, Ni

ABC transporter, alpha toxin, alpha toxin H35L or H3SR mutant, RAp, Aap and SsaA.

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

comprises EbhB and 1,2,3,4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+ transporter, SitC, Ni

ABC transporter, alpha toxin, alpha toxin H35L or H3SR mutant, RAP, Aap and SsaA.

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

comprises EbpS and 1,2,3,4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, lsdA, lsdB, lsdA, HarA, Mg2+ transporter, sitc, N¡

ABc transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and ssaA.

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

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

consisting of immunodominant ABc transporter, lsdA, lsdB, lsdc, HarA, Mg2+

transporter, Sitc, N¡ ABC transporter, alpha toxin, alpha toxin H3sL or H3sR mutant,

RAP, Aap and SsaA.

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

comprises SBI and '1,2,3,4 or 5 further antigens selected from the group consisting of
immunodominant ABC transporter, lsdA, lsdB, lsdc, HarA, Mg2+ transporter, sitc, Ni

ABC transporter, alpha toxin, alpha toxin H35L or H3sR mutant, RAp, Aap and ssaA.
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A further combination of proteins in the immunogenic composition of the invention

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

consisting of immunodominant ABc transporter, lsdA, lsdB, lsdc, HarA, Mg2+
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25 7-cells, such as 1L-12. In contrast, Th2-type responses are associated with the secretion
of 11-4, IL-5, IL-6, IL-10. Suitable adjuvant systems which promote a predominantly Th1
response include: Monophosphoryl lipid A or a derivative thereof (or detoxified lipid A in
general - see for instance W02005107798), particularly 3-de-0-acylated monophosphoryl lipid
A (3D-MPL) ([or its preparation see GB 2220211 A); and a 30 combination of monophosphoryl
lipid A, preferably 3-de-0-acylated monophosphoryl lipid A, together with either an aluminum
salt (for instance aluminum phosphate or aluminum hydroxide) or an oil-in-water emulsion. In
such combinations, antigen and 3D-MPL are contained in the same particulate structures,
allowing for more efficient delivery of antigenic and irnmunostimulatory signals. Studies have
shown that 3D-MPL is able to  further enhance the irnmunogenicity of an alum-adsorbed
antigen [Theelen et af. Vaccine (1998) 16:708-14; EP 689454-811. An enhanced system
involves the combination of a monophosphoryl lipid A and a saponin derivative, particularly
the combination of QS21 and 30-MPL as disclosed in WO 94/00153, or a less reactogenic
composition where the 0321 is quenched with cholesterol as disclosed in WO 96/33739. A
particularly potent adjuvant formulation involving 0S21, 30-MPL and tocopherol in an oil in
water emulsion is described in WO 95/17210, In one embodiment the immunogenic
composition additionally comprises a 10 saponin, which may be QS21. The formulation may
also comprise an oil in water emulsion and tocopherol (WO 95117210). Unmethylated CpG
containing oligonucleotides (WO 96102555) and other irnmunomodulatory oligonucleotides
p00226757 and W0035078221 are also preferential inducers of a TH1 response and are
suitable for use in the present invention. 15 Particular adjuvants are those selected from the
group of metal Salts, oil in water emulsions, Toll like receptors agonist, (in particular Toll like
receptor 2 agonist, Toll like receptor 3 agonist, Toll like receptor 4 agonist, Toll like receptor 7
agonlst, Toll like receptor 8 agonist and Toll like receptor 9 agonist), saponins or combinations
thereof. 20 An adjuvant that can be used with the vaccine compositions of the invention are
bleb or outer membrane vesicle preparations from Gram negative bacterial strains such as
those taught by W002109746 - particularly M meningitidis blebs. Adjuvant properties of blebs
can be improved by retaining LOS (lipooligosacccharide) on its surface (e.g. through 25
extraction with low concentrations of detergent [for instanct 0-0.1% deoxycholate]). LOS can
be detoxified through the msbB(-) or htrB(-) mutations discussed in W002/09748, Adjuvant
properties can also be improved by retaining PorB (and optionally removing PorA) from
meningococcal blebs, Adjuvant properties can also be improved by truncating the outer core
saccharide structure of LOS on meningococoal blebs - for instance via the 30 Igtf3(-) mutation
discussed in W02004/014417. Alternatively, the aforementioned LOS (e.g. isolated from a
msbe(-) and/or IgtB(-) strain) can be purified and used as an adjuvant in the compositions of
the invention.       A further adjuvant which may be used with the compositions of the invention
may be 35selected from the group: a saponin, lipid A or a derivative thereof, an
immunostimulatory  oligonucleotide, an alkyl glucosarninide phosphate, an oil in water
emulsion or combinations thereof. A further preferred adjuvant is a metal salt in combination
with another adjuvant. It is preferred that the adjuvant is a Toll like receptor agonist in
particular an agonist of a Toll like receptor 2, 3, 4, 7, 8 or 9, or a saponin, in particular  5
Qs21. It is further preferred that the adjuvant system comprises two or more adjuvants from
the above list. In particular the combinations preferably contain a saponin (in particular Qs21)
adjuvant and/or a Toll like receptor 9 agonist such as a CpG containing immunostimulatory
oligonucleotide. Other preferred combinations comprise a saponin (in particular 0621) and a
Toll like receptor 4 agonist such as monophosphoryl lipid A or its 3 10deacylated derivative, 3
DMPL, or a saponin (in particular 0521) and a Toll like receptor 4 ligand such as an alkyl
glucosarninide phosphate. Particularly preferred adjuvants are combinations of 3D-MPL and
0S21 (EP 0 671 948 B1), oil in water emulsions comprising 30-MPL and QS21 (WO
95/17210, WO 98/56414),  15 or 3D-MPL formulated with other carriers (EP 0 689 454 B1).



transporter, SitC, N¡ ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant,

RAP, Aap and SsaA.

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

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

immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+ transporter, SitC, Ni

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

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

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

immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+ transporter, SitC, Ni

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

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

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

immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+ transporter, SitC, N¡

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

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

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

immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+ transporter, SitC, N¡

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

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

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

immunodominant ABC transporter, lsdA, lsdB, lsdC. HarA, Mg2+ transporter, sitc, Ni

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

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

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

immunodominant ABC transporter, lsdA, lsdB, lsdc, HarA, Mg2+ transporter, S¡tc, Ni

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

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

comprises SasF and 1, 2, 3,4 or 5 further antigens selected from the group consisting of
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20such as a lipid A derivative particularly monophosphoryl lipid A or more particularly 3
Deacylated rnonophoshoryl lipid A (3 0 MPL). 3 0 -MPL is available from GlaxoSmithKline
Biologicals North America and primarily promotes CD4+ T cell responses with an IFN-g (Thl )
phenotype It can be produced 25according to the methods disclosed in GB 2 220 211 A.
Chemically it is a mixture of 3- deacylated monophosphoryl lipid A with 3, 4, 5 or 6 acylated
chains. Preferably in the compositions of the present invention small particle 3 D- MPL is
used. Small particle 3 -MPL has a particle size such that it may be sterile-filtered through a
0.22ktrn filter. Such preparations are described in International Patent Application No. WO
94/21292. 30Synthetic derivatives of lipid A are known and thought to be TLR 4 agonists
including, but not limited to: OW
74(2-deoxy-6-o-[2-deoxy-2-[(R)-3-dodecanoyloxytetra-decanoylamino]4-o-
phosphono-11-D-glucopyranosyll-24(R)-3-hydroxytetradecanoylamino]-a-D-
35glucopyranosyldihydrogenphosphate), (WO 95/14026)  OM 294 DP (33, 9 R)
--3--[(R)-dodecanoyloxytetradecanoylaminol-4-oxo-6-aza-9(R)-[(R)-
3-hydroxy1etradecanoviaminoldeca n-1,10 -dio1,1,10-bis(dihydrogenophosphate) (W099
'64301 and WO 0010462 ) OM 197 MP-Ac DP (33-, 9R) -3-[(R)
-dodecanoyloxytetradecanoylamino]-4-oxo-5-aza-9-
[(R)-3-hydroxytetradecanoylamino]decan-1,10-dioy -dihydrogenophosphate 10-(6-
arninohexanoate) MO 01/46127) 10 Other TLR4ligands which may be used are alkyl
Gluoosaminide phosphates (AGPs) such as those disclosed in W09850399 or US6303347
(processes for preparation of AGPs are also disclosed), or pharmaceutically acceptable salts
of AGPs as disclosed in US6764840. Some AGPs are TLR4 agonists, and some are TLR4
antagonists. Both are thought to be useful as adjuvants. 15 Another prefered
immunostimulant for use in the present Invention is Qui! A and its derivatives. Quii A is a
saponin preparation isolated from the South American tree Quilaja Saponaria Molina and was
first described as having adjuvant activity by Dalsgaard et al. in 1974 ("Saponin adjuvants",
Archiv. fur die gesarnte Virusforschung, Vol 44, Springer 20 Verlag, Berlin, p243-254).
Purified fragments of Qui? A have been isolated by HPLC which retain adjuvant activity
without the toxicity associated with Qui: A (EP 0 362 278), for example 037 and 0621 (also
known as GAY and QA21). QS-21 is a natural saponin derived from the bark of Quillaja
saponaria Molina which induces 008+ cytotoxic T cells (CTLs), Thl cells and a predominant
IgG2a antibody response and is a preferred saponin 26in the context of the present invention.
Particular formulations of 0321 have been described which are particularly preferred, these
formulations further comprise a sterol (W096/33739) The saponins forming part oi the present
invention may be separate in the form of miceiles, mixed micelles 



immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+ transporter, SitC, N¡

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

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

comprises Lipase GehD and 1, 2, 3,4 or 5 further antigens selected from the group

consisting of immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+

transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant,

RAP, Aap and SsaA.

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

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

immunodominant ABC transporter, lsdA, lsdB, lsdO, HarA, Mg2+ transporter, SitC, Ni

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

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

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

immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+ transporter, SitC, N¡

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

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

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

immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+ transporter, SitC, Ni

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

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

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

immunodominant ABC transporter, lsdA, lsdB, lsdO, HarA, Mg2+ transporter, SitC, Ni

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

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

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

immunodominant ABC transporter, lsdA, lsdB, lsdc, HarA, Mg2+ transporter, SitC, Ni

ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.
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30 (preferentially, but not exclusively with bile salts) or may be in the form of ISCOM matrices
(EP 0 109 942 B1) , liposomes or related colloidal structures such as worm-like or ring-like
muitimeric complexes or lipidic/layered structures and lamellae when formulated with
cholesterol and lipid, or in the form of an oil in water emulsion (for example as in WO
95/17210). The saponins may preferably be associated with a metallic salt, such as
35aluminium hydroxide or aluminium phosphate (WO 98/15287),  Preferably, the saponin is
presented in the form of a liposome I COM or an oil in water emulsion. An enhanced system
involves the combination of a monophosphoryl lipid A (or detoxified 5 lipid A) and a saponin
derivative, particularly the combination of C/S21 and 3D-MPL as disclosed in WO 94/00153,
or a less reactogenic composition where the 0521 is quenched with cholesterol as disclosed
in WC 96133739, A particularly potent adjuvant formulation involving tocopherol with or
without 0521 and/or 3D-Kr1PL in an oil in water emulsion is described in WO 95/17210. In
one embodiment the immunogenic 10composition additionally comprises a saponin, which
may be 0521. lmmunostimulatory oligonucleotides or any other Toll-like receptor (TLR) 9
agonist may also be used.The preferred oligonucleotides for use in adjuvants or vaccines of
the present invention are CpG containing oligonucleotides, preferably containing two or more
15 dinucleotide CpG motifs separated by at least three, more preferably at least six or more
nucleotides. A CpG motif is a Cytosine nucleotide followed by a Guanine nucleotide. The CpG
oligonucleotides of the present invention are typically deoxynucleotides. In a preferred
embodiment the intemucleotide in the oligonucleotide is phosphorodithioate, or more
preferably a phosphorothloate bond, although phosphodiester and other 20 intemucleotide
bonds are within the scope of the invention. Also included within the scope of the invention
are oligonucleotides with mixed internucleotide linkages. Methods for producing
phosphorothioats oligonucleotides or phosphorodithioate are described in US5,666,153,
US5,278,302 and W095/26204. 25Examples of preferred oligonucleotides have the following
sequences. The sequences preferably contain phosphorothioate modified internucleotide
linkages. OLIGO 1(SE0 ID NO:1): TCC ATG ACG TTC CTG ACG TT (CpG 1826) OLIGO 2
(SEC) ID NO:2): TOT CCC AGC GTG CGC CAT (CpG 1758)    OLIGO 3(SED ID NO:3): ACC
GAT GAC GTC GCC GGT GAC GGC ACC ACG 30 CLIC 4 (SEG ID NO:4). TCG TCG iii
TGT CGTii GTC GTT (CpG 2006) OLIGO 5 (SEG ID NO:5): TCC ATG ACG TTC CTG ATG
CT (CpG 1668) OLIGO 6 (SEQ ID NO:6): TOG ACG IllTOG GCG CGC GCC G (CpG 5456)
Alternative CpG oligonucleotides may comprise the preferred sequences above in that 35they
have inconsequential deletions or additions thereto, 47  



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

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

immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+ transporter, SitC, Ni

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

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

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

of immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+ transporter, SitC, Ni

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

A further combination of proteins in the irnmunogenic composition of the inventíon

comprises lsaA/PisA and 1, 2, 3,4 or 5 further antÍgens selected from the group

consisting of immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+

transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant,

RAP, Aap and SsaA.

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

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

immunodominant ABC transporter, lsdA, lsdB, lsdO, HarA, Mg2+ transporter, SitC, Ni

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

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

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

immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+ transporter, SitC, Ni

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

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

comprises SSP-1 and 1 ,2,3, 4 or 5 further antigens selected from the group consisting

of immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+ transporter, SitC, Ni

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

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

comprises SSP-2 and 1 ,2,3,4 or 5 further antigens selected from the group consisting

of immunodominant ABC transporter, lsdA, lsdB, lsdc, HarA, Mg2+ transporter, sitc, Ni

ABC transporter, alpha toxin, alpha toxín H35L or H35R mutant, RAp, Aap and ssaA.
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The CpG oligonucleotides utilised in the present invention may be synthesized by any method
known in the art (for example see EP 468520). Conveniently, such oligonucleotides may be
synthesized utilising an automated synthesizer. The adjuvant may be an oil in water emulsion
or may comprise an oil in water emulsion in combination with other adjuvants. The oil phase
of the emulsion system preferably comprises a metabolisable oil. The meaning of the term
rnetabolisable oil is well known in the art Metabolisable can be defined as t'being capable of
being transformed by metabolism" (Dorland's illustrated Medical Dictionary, W.B. Sanders
Company, 25th 10  edition (1974)). The oil may be any vegetable oil, fish, oil, animal or
synthetic oil, which is not toxic to the recipient and is capable of being transformed by
metabolism. Nuts, seeds, and grains are common sources of vegetable oils. Synthetic oils are
also part of this invention and can include commercially available oils such as NEOBEE0 and
others. Squalene (2,6,10,15,19, 23-Hexamethy1-2,6,10,14,18,22-tetracosahexaene) is an 15
unsaturated oil which is found in large quantities in shark-liver oil, and in lower quantities in
olive oil, wheat germ oil, rice bran oil, and yeast, and is a particularly preferred oil for use in
this invention. Squalene is a metabolisable oil by virtue of the fact that it is an intermediate in
the biosynthesis of cholesterol (Merck index, 10th Edition, entry no.8619 20Tocols (e.g.
vitamin E) are also often used in oil emulsions adjuvants (EP 0 382 271 31;  US5667784; WO
95/17210). Tocols used in the oil emulsions (preferably oil in water emulsions) of the invention
may be formulated as described in EP 0 382 271 B1, in that the fowls may be dispersions of
tocol droplets, optionally comprising an emulsifier, of preferably less than 1 micron in
diameter. Alternatively, the tocols may be used in 25  combination with another oil, to form the
oil phase of an oil emulsion. Examples of oil emulsions which may be used in combination
with the local are described herein, such as the metabolisable oils described above. Oil in
water emulsion adjuvants per se have been suggested to be useful as adjuvant 30
compositions (EP 0 399 843B), also combinations of oil in water emulsions and other active
agents have been described as adjuvants for vaccines (WO 95/17210; WO 98/56414; WO
99/12565; WO 99111241). Other oil emulsion adjuvants have been described, such as water
in oil emulsions (US 5,422,109;EP 0 480 982 B2) and water in oil in water emulsions (US
5,424,067;EP 0 480 981 8). All of which form preferred oil  emulsion systems (in particular
when incorporating tocols) to form adjuvants and compositions of the present invention. Most
preferably the oil emulsion (for instance oil in water emulsions) further comprises an emulsifier
such as TWEEN 80 and/or a sterol such as cholesterol. A preferred oil emulsion (preferably
oil-In-water emulsion) comprises a metabolisible, nontoxic oil, such as squalane, squalene or
a tocopherol such as alpha tocopherol (and preferably both squalene and alpha tocopherol)
and optionally an emulsifier (or surfactant) such as Tween 80, A sterol (preferably cholesterol)
may also be included. 10The method of producing oil in water emulsions is well known to the
man skilled in the art.  Commonly, the method comprises mixing the local-containing oil phase
with a surfactant such as a PES/TWEEN80Tm solution, followed by homogenisation using a
homogenizer, it would be clear to a man skilled in the art that a method comprising passing
the mixture twice through a syringe needle would be suitable for homogenising small volumes
of 15  liquid. Equally, the emulsification process in microfluidiser (M110S Microfluidics
machine, maximum of 50 passes, for a period of 2 minutes at maximum pressure input of 6
bar (output pressure of about 850 bar)) could be adapted by the man skilled In the art to
produce smaller or larger volumes of emulsion. The adaptation could be achieved by routine
experimentation comprising the measurement of the resultant emulsion until a 20preparation
was achieved with oil droplets of the required diameter. In an oil in water emulsion, the oil and
emulsifier should be in an aqueous carrier. The aqueous carrier may be, for example,
phosphate buffered saline. The size of the oil droplets found within the stable oil in water
emulsion are 25  preferably less than 1 micron, may be in the range of substantially
30-600rim, preferably substantially around 30-500nm in diameter, and most preferably



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

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

immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+ transporter, SitC, Ni

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

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

comprises vitronectin binding protein and 1,2,3,4 or 5 further antigens selected from

the group consisting of immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+

transporter, S¡tC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant,

RAP, Aap and SsaA.

A further combination of proteins in the irrunog.nic composition of the invention

comprises fibrinogen binding protein and 1, 2, 3,4 or 5 further antigens selected from

the group consisting of immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+

transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant,

RAP, Aap and SsaA.

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

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

consisting of immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+

transporter, SitC, Ni ABC transporter, alpha toxin, alpha toxin H35L or H35R mutant,

RAP, Aap and SsaA.

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

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

immunodominant ABC transporter, lsdA, lsdB, lsdG, HarA, Mg2+ transporter, SitC, Ni

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

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

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

immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+ transporter, S¡tC, Ni

ABC transporter, alpha toxín, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.
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emulsion. An emulsifier, such as Tween80 or Span 85 may also be present at a level of about
1%. In some cases it may be advantageous that the vaccines of the present invention will
further contain a stabiliser, Examples of preferred emulsion systems are described in WO
5/17210, WO 99/11241 and WO 99/12565 which disclose emulsion adjuvants based on
squalene, a-tocopherol, and TWEEN 80, optionally formulated with the immunostimuiants
0321 and/or 30-MPL. Thus in a particularly, preferred embodiment of the present invention,
the adjuvant of the invention may additionally comprise further immunostimulants, such as
LPS or derivatives 10 thereof, and/or saponins. Examples of further irnmunostimulants are
described herein and in "Vaccine Design - The Subunit and Adjuvant Approach" 1995,
Pharmaceutical Biotechnology, Volume 6, Eds. Powell, MS., and Newman, M.J., Plenum
Press, New York and London, ISBN 0-306-44867-X. 15In a preferred aspect the adjuvant and
immunogenic compositions according to the invention comprise a saponin (preferably 0321)
and/or an LPS derivative (preferably 30-MPL) in an oil emulsion described above, optionally
with a sterol (preferably cholesterol). Additionally the oil emulsion (preferably oil in water
emulsion) may contain span 85 and/or lecithin and/or tricaprylin. Adjuvants comprising an
oil-in-water emulsion, a 20sterol and a saponin are described in WO 99/12565.        Typically
for human administration the saponin (preferably 0321) and/or LPS derivative (preferably
3D-MPL) will be present in a human dose of immunogenic composition in the range of lug -
2004, such as 10-10014, preferably 10bg - 50i.ig per dose. Typically the oil emulsion
(preferably oil in water emulsion) will comprise from 2 to 25 10% metabolisible oll, Preferably it
will comprise from 2 to 10% squalene, from 2 to 10% alpha tocopherol and from 0,3 to 3%
(preferably 0,4 - 2%) emulsifier (preferably tween 80 [polyoxyethylene sabitan rnonooleate]).
Where both squalene and alpha tocopherol are present, preferably the ratio of squalene:
alpha tocopherol is equal to or less than 1 as this provides a more stable emulsion, Span 85
(Sorbitan trioleate) may also be present 30 at a level of 0.5 to 1% in the emulsions used in the
invention. In some cases it may be advantageous that the immunogenic compositions and
vaccines of the present invention will further contain a stabiliser, for example other
emulsifiers/surfactants, including caprylic acid (merck index 10th Edition, entry no. 1739), of
which Tricaprylin is particularly preferred.         Where squalene and a saponin (preferably
0321) are included, it is of benefit to also include a sterol (preferably cholesterol) to the
formulation as this allows a reduction in the total level of oil in the emulsion. This leads to a
reduced cost of manufacture, improvement of the overall comfort of the vaccination, and also
qualitative and quantitative improvements of the resultant immune responses, such as
improved IFNI production, Accordingly, the adjuvant system of the present invention typicaliy
comprises a ratio of metabolisable oil:saponin (wAv) in the range of 200:1 to 300:1, also the
present invention can be used in a low oil" form the preferred range of which is 1:1 to 2001,
preferably 20:1 to 100:1, and most preferably substantially 48:1, this vaccine retains the 10
beneficial adjuvant properties of all of the components, with a much reduced reactogenicity
profile. Accordingly, the particularly preferred embodiments have a ratio of squalene:0S21
(w/w) in the range of 1:1 to 250:1, also a preferred range is 20:1 to 200:1, preferably 20:1 to
100:1, and most preferably substantially 48:1. Preferably a sterol (most preferably cholesterol)
is also included present at a ratio of saponin:sterol as described 15herein.       The emulsion
systems of the present invention preferably have a small oil droplet size in the sub-micron
range. Most preferably the oil droplet sizes will be in the range 120 to 750 nm, and most
preferably from 120-600nm in diameter. A particularly potent adjuvant formulation (for ultimate
combination with AlPO4 in 20 the immunogenic compositions of the invention) involves a
saponin (preferably 0621), an LPS derivative (preferably 3D-MPL) and an oil emulsion
(preferably squalene and alpha tocopherol in an oil in water emulsion) as described in WO
95/17210 or in WO 99112565 (in particular adjuvant formulation 11 in Example 2, Table 1).
25Examples of a ILR 2 agonist include peptidoglycan or lipoprotein. lmidazoquinolines, such



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

comprises immunodominant ABC tranporter and 1, 2, 3, 4 or 5 further antigens selected

from the group consisting of laminin receptor, SitC/MntC/saliva bindíng protein, EbhA,

EbhB, Elastin binding protein (EbpS), EFB (FlB), SBl, autolysin, ClfA, SdrC, SdrD, SdrE,

SdrG, SdrH, Lipase GehD, SasA, FnbA, FnbB, Cna, ClfA, GlfB, FbpA, Npase, lsaA/PisA,

SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin bihding protein, fibrinogen binding protein,

coagulase, Fig, MAP, alpha toxin, alpha toxin H35L or H35R mutant, RAP, Aap and SsaA.

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

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

laminin receptor, SitC/MntG/saliva binding protein, EbhA, EbhB, Elastin binding protein

(EbpS), EFB (FlB), SBl, autolysin, ClfA, SdrC, SdrC, SdrE, SdrG, SdrH, SasF, Lipase

GehD, SasA, FnbA, FnbB, Cna, ClfA, ClfB, FbpA, Npase, lsaA/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.

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

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

laminin receptor, SitG/MntCisaliva binding protein, EbhA, EbhB, Elastin binding proteÍn

(EbpS), EFB (FlB), SBl, autolysin, GlfA, SdrG, SdrG, SdrH, SasF, Lipase GehD, SasA,

FnbA, FnbB, Cna, ClfA, ClfB, FbpA, Npase, lsaA/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.

A further combination of protein in the immunogenic composítion of the invention

comprises SitC 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 (FlB), SBl, autolysin, ClfA, SdrC, SdrD, SdrE, SdrG, SdrH, SasF, Lipase

GehD, SasA, FnbA, FnbB, Cna, ClfA, ClfB, FbpA, Npase, lsaA/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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A further combination of protein in the immunogenic composition of the invention

comprises alpha toxin and 1 , 2, 3, 4 or 5 further antigens selected from the group

consisting of laminin receptor, SitC/MntG/saliva binding protein, EbhA, EbhB, Elastin
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35 adsorbed onto the same particle are described in EP 0 576 478 61. EP 0 689 454 61, and
EP 0 633 784 Bl. In these cases then antigen is first adsorbed onto the aluminium salt Sowed
by the adsorption of the immunostimulant 3D-MPL onto the same aluminium salt particles.
Such processes first involve the suspension of 30-MPL by sonicetion in a water bath until the
particles reach a size of between 80 and 500 nm. The antigen is typically 5 adsorbed onto
aluminium salt for one hour at room temperature under agitation. The 3DMPL suspension Is
then added to the adsorbed antigen and the formulation is incubated at room temperature for
1 hour, and then kept at 4oC until use. In another process, the immunostimulant and the
antigen are on separate metal particles, 10 as described in EP 1126876. The improved
process comprises the adsorption of immunostimulant, onto a metallic salt particle, followed
by the adsorption of the antigen onto another metallic salt particle, followed by the mixing of
the discrete metallic particles to form a vaccine, The adjuvant for use in the present invention
may be an adjuvant composition comprising an imrnunostimulant, adsorbed onto a metallic
salt particle, 15 characterised in that the metallic salt particle is substantially free of other
antigen. Furthermore, vaccines are provided by the present invention and are characterised in
that the immunostimulant is adsorbed onto particles of metallic salt which are substantially
free from other antigen, and in that the particles of metallic salt which are adsorbed to the
antigen are substantially free of other immunostinnulant. 20Accordingly, the present invention
provides an adjuvant formulation comprising immunostimuiant which has been adsorbed onto
a particle of a metallic salt, characterised in the composition is substantially free of other
antigen. Moreover, this adjuvant formulation can be an intermediate which, if such an adjuvant
is used, is required for the manufacture of a vaccine. Accordingly there is provided a process
for the manufacture of 25 a vaccine comprising admixing an adjuvant composition which is
one or more imrnunostimulants adsorbed onto a metal particle with an antigen. Preferably, the
antigen has been pre-adsorbed onto a metallic salt. Said metallic salt may be identical or
similar to the metallic salt which is adsorbed onto the immunostimulant. Preferably the metal
salt is an aluminium salt, for example Aluminium phosphate or Aluminium hydroxide, 30 The
present invention further provides for a vaccine composition comprising immunostimulant
adsorbed onto a first particle of a metallic salt, and antigen adsorbed onto a metallic salt,
characterised in that first and second particles of metallic salt are separate particles.   LPS or
LOS derivatives or mutations or lipid A derivatives described herein are designed to be less
toxic (e.g. 3D-MPL) than native lipopolysac,charides and are interchangeable equivalents with
respect to any uses of these moieties described herein. 5In one embodiment the adjuvant
used for the compositions of the invention comprises a liposorrie carrier (made by known
techniques from a phospholipids (such as dioleoyl phosphatidyl choline [DOPC]) and
optionally a sterol [such as cholesterol]). Such liposome carriers may carry lipid A derivatives
[such as 30-MPL - see above] and/or saponins (such as 0321 - see above). In one
embodiment the adjuvant comprises (per 0.5 mi... dose) 0.1-10mg, 0.2-7, 0.3-5, 0.4-2, or
0.5-1 mg (e.g. 0.4-0.6, 0,9--1.1, 0.5 or 1 mg) phospholipid (for instance DOPC), 0.025-2.5,
0.05-1,5, 0.075-0,75, 0.1-0.3, or 0.125-0.25 mg (e.g. 0.243, 0.1-0,15, 0.25 or 0,125 mg) stem:
(for instance cholesterol), 5-60, 10-50, or 20-30 pg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg)
lipid A derivative (for instance 3DMPL), and 5-60, 10-50, or 20-30 [ta (ea. 5-15, 40-50, 10, 20,
30, 40 or 50 pg) saponin 15(for instance 0821). In one embodiment the adjuvant used for the
compositions of the invention comprises an off in water emulsion made from a metabolisable
oil (such as sgualene), an emulsifier (such as Tween 80) and optionally a tocol (such as alpha
tocopherol). In one embodiment 20 the adjuvant comprises (per 0.5 mi. dose) 0.5-15, 1-13,
2-11, 4-8, or 5-6mg (e.g. 2-3, 5-6, or 10-11 mg) metabolisable oil (such as squalene), 0.1-10,
0.3-8, 0.6-6, 0.9-5, 1-4, or 2-3 mg (e.g. 0.9-1.1, 2-3 or 4-5 mg) emulsifier (such as Tween 80)
and optionally 0.5-20, 115; 2-12, 4-10, 5-7 mg (e.g. 11-13, 5-6, or 2-3 ma) tocol (such as
alpha tocopherol). 25This adjuvant may optionally further comprise 5-60. 10-50, or 20-30 gg



binding protein (EbpS), EFB (FlB), SBl, autolysin, ClfA, SdrC, SdrD, SdrE, SdrG, SdrH,

SasF, Lipase GehD, SasA, FnbA, FnbB, Cna, ClfB, FbpA, Npase, lsaÁ/PisA, SsaA, EPB,

SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase,

Fig, MAP, immunodominant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+ transporter,

SitC, NiABC transporter, Aap and SsaA.

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

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 (FlB), SBl, autolysin, ClfA, SdrC, SdrD, SdrE,

SdrG, SdrH, SasF, Lipase GehD, SasA, FnbA, FnbB, Cna, ClfB, FbpA, Npase, lsaA/PisA,

SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin binding .protein, fibrinogen binding protein,

coagulase, Fig, MAP, immunodomínant ABC transporter, lsdA, lsdB, lsdC, HarA, Mg2+

transporter, SitC, N¡ABC transporter, Aap and SsaA.

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

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

laminin receptor, SitO/MntC/saliva binding protein, EbhA, EbhB, Elastin binding protein

(EbpS), EFB (FlB), SBl, autolysin, ClfA, SdrC, SdrD, SdrE, SdrG, SdrH, SasF, Lipase

GehD, SasA, FnbA, FnbB, Cna, ClfEl, FbpA, Npase, lsaÄ/PisA, SsaA, EPB, SSP-1, SSP-

2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig, MAP,

immunodominant ABC transporter, lsdA, lsdB, lsdO, HarA, Mg2+ transporter, SitC, Ni

ABC transporter, Aap and SsaA.

A further combinations of protein in the immunogenic composition of the invention

comprises lsdA and lsdB; lsdA and ClfA; lsdA and ClfB; lsdA and SdrC; lsdA and SdrD;

lsdA and SdrE; lsdA and SdrG; lsdA and SasF;lsdB and ClfA; lsdB and GlfB; lsdB and

SdrC; lsdB and SdrD; lsdB and SdrE; lsdB and SdrG; lsdB and SasF; ClfA and ClfB; ClfA

and SdrC; ClfA and SdrD; ClfA and SdrE; ClfA and SasF; ClfB and SdrC; ClfB and SdrD;

ClfB and SdrE; ClfB and SasF; SdrC and SdrD; SdrC and SdrE; SdrC and SasF; SdrD

and SdrE; SdrD and SasF; SdrE and SasF.

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

the immunogenic composition of the invention as a fragment or fusion protein as

described above.
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This adjuvant may optionaily contain 0.025-2.5, 0.05-1.5, 0,075-0.75, 0.1-0.3, or 0.125- 0.25
mg (e.g. a2-o.3, 0.1-0.15. 0.25 or 0.125 mg) sterol (for instance cholesterol), 5-50, 30 10-50,
or 20-30 mg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 Mg) lipid A derivative (for instance
3D-tv1PL), and 5-60, 10-50, or 20-30 [kg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg) saponin
(for instance 0521).  In one embodiment the adjuvant used for the compositions of the
invention comprises aluminium phosphate and a lipid A derivative (such as 30-MK). This
adjuvant may comprise (per 0.5 mL dose) 100-750, 200-500, or 300-400 jig Al as aluminium
phosphate, and 5-60, 10-50, or 20-30 ug (e.g. 5-15, 40-50, 10, 20, 30,40 or 50 mg) lipid A
derivative (for instance 3D-MPL). The vaccine preparations of the present invention may be
used to protect or treat a  10 mammal susceptible to infection, by means of administering said
vaccine via systemic or mucosa! route. These administrations may Include injection via the
intramuscular, intraperitoneal, intradermal or subcutaneous routes; or via mucosal
administration to the oral/alimentary, respiratory, genitourinary tracts. Intranasal administration
of vaccines for the treatment of pneumonia or otitis media is preferred (as nasopharyngeal
carriage of  15 pneumococci can be more effectively prevented, thus attenuating infection at
its earliest stage). Although the vaccine of the invention may be administered as a single
dose, components thereof may also be co-administered together at the same time or at
different times (for instance pneurnococcal polysaccharides could be administered separately,
at the same time or 1-2 weeks after the administration of any bacterial protein component of
20 the vaccine for optimal coordination of the immune responses with respect to each other).
For co-administration, the optional Th1 adjuvant may be present in any or all of the different
administrations, for example, it may be present in combination with the bacterial protein
component of the vaccine, In addition to a single route of administration, 2 different routes of
administration may be used, For example, polysaccharides may be  25 administered IM (or
ID) and bacterial proteins may be administered IN (or ID). In addition, the vaccines of the
invention rnay be administered 1M for priming doses and IN for booster doses. The amount of
conjugate antigen in each vaccine dose is selected as an amount which  30 induces an
immunoprotective response without significant, adverse side effects in typical vaccines, Such
amount will vary depending upon which specific Immunogen is employed and how it is
presented. Generally, it is expected that each dose will comprise 0.1-100 il.g of
polysaccharide, typically 0.1-50 pg 0.1-10ug, 1-10ug or 1-5pg for polysaccharide conjugates.
The content of protein antigens in the vaccine will typically be in the range 1-10Ong, 5- 5Ong
or 5 - 25pig. Following an initial vaccination, subjects may receive one or several booster
immunizations adequately spaced. Vaccine preparation is generally described in Vaccine
Design (The subunit and adjuvant approach" (eds Powell M.F. & Newman KJ.) (1995) Plenum
Press New York). Encapsulation within liposomes is described by Fullerton, US Patent
4,235,877. 10The vaccines of the present invention may be stored in solution or lyophilized.
Optionally  the solution is lyophilized in the presence of a sugar such as sucrose, trehalose or
lactose. it is typical that they are lyophilized and extemporaneously reconstituted prior to use.
Lyophilizing may result in a more stable composition (vaccine). 15 Methods The invention also
encompassethod of making the immunogenic compositions and vaccines of the invention.
20In an embodiment, the process of the invention, is a method to make a vaccine 



Gombinatlons of three proteins

In an embodiment, the immunogenic composition of the invention further comprises three
protein components in a combination of alpha-toxin, an extracellular component binding
protein (for example an adhesin) and a transporter protein (for example an iron-binding
protein).

ln such a combination, the alpha toxin may be chemically detoxified or genetically
detoxifìed by introduction of point mutation(s), for example the His3SLeu point mutation.
The alpha toxin is present as a free protein or alternatively is conjugated to a
polysaccharide or PNAG component of the ímmunogenic conrposition.

Examples of combinations include:-

An immunogenic composition comprising alpha toxin, lsdA and an extracellular
component binding protein selected from the group consisting of laminin receptor,
sitc/Mntc/saliva binding protein, EbhA, EbhB, Elastin binding protein (Ebps), EFB (FlB),
SBl, autolysin, ClfA, SdrC, SdrG, SdrH, Lipase GehD, SasA, FnbA, FnbB, Cna, ClfB,
FbpA, Npase, lsaA/PisA, SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin binding protein,

fibrinogen bínding protein, coagulase, Fig and MAp.

An immunogenic composition comprising alpha toxin, lsdB and an extracellular
component binding protein selected from the group consisting of laminin receptor,
sitC/Mntc/saliva binding protein, EbhA, EbhB, Elastin binding protein (Ebps), EFB (FlB),
SBl, autolysin, ClfA, SdrC, SdrD, SdrE, SdrG, SdrH, Lipase GehD, SasA, FnbA, FnbB,
Cna, ClfB, FbpA, Npase, lsaA/PisA, SsaA, EPB, SSP-1, SSP-2, HBP, Vitronectin bindíng
protein, fibrinogen bínding protein, coagulase, Fig and MAp.

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

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

An immunogenic composition comprising alpha toxin, lsdA and laminin receptor.
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comprising the steps of mixing antigens to make the Immunogenic composition of the
invention and adding a pharmaceutically acceptable excipient. Methods of treatment 25 The
invention also encompasses method of treatment or staphylococcal infection, particularly
hospital acquired nosocomial infections. This immunogenic composition or vaccine of the
invention Is particularly advantageous to 30 use in cases of elective surgery. Such patients
will know the date of surgery in advance and could be inoculated in advance. Since it is not
know whether the patient will be exposed to S. aureus or S. epidertnidis infection, it is
preferred to inoculate with a vaccine of the invention that protects against both, as described
above. Typically adults over 16 awaiting elective surgery are treated with the immunogenic
compositions and vaccines of  the invention, Alternatively children aged 3-16 awaiting elective
surgery are treated with the immunogenic compositions and vaccines of the invention, lt is
also possible to inoculate health care workers with the vaccine of the invention. The vaccine
preparations of the present invention may be used to protect or treat a mammal susceptible to
infection, by means of administering said vaccine via systemic or mucosal route. These
administrations may include injection via the intramuscular, intraperitoneal, intraderrnal or
subcutaneous routes; or via mucosat administration to the 10oral/alimentary, respiratory,
genitourinary tracts. The amount of antigen in each vaccine dose is selected as an amount
which induces an immunoprotective response without significant, adverse side effects in
typical vaccines. Such amount will vary depending upon which specific immunogen is
employed and how it  15 is presented. The protein content of the vaccine will typically be in
the range 1 -100pg, 5- 50eg, typically in the range 10- 25pg. An optimal amount for a
particular vaccine can be ascertained by standard studies involving observation of appropriate
immune responses in subjects. Following an initial vaccination, subjects may receive one or
several booster immunisations adequately spaced. 20 Although the vaccines of the present
invention may be administered by any route, administration of the described vaccines into the
skin (ID) forms one embodiment of the present invention. Human skin comprises an outer
"horny' cuticle, called the stratum corneurn, which overlays the epidermis. Underneath this
epidermis is a layer called the 25dermls, which in turn overlays the subcutaneous tissue.
Researchers have shown that injection of a vaccine into the skin, and in particular the derrnis,
stimulates an immune response, which may also be associated with a number of additional
advantages. Intradermal vaccination with the vaccines described herein forms an optional
feature of the present invention. 30 The conventional technique of intradermal injection, the
"mantoux procedure", comprises steps of cleaning the skin, and then stretching with one
hand, and with the bevel of a narrow gauge needle (26-31 gauge) facing upwards the needle
is inserted at an angle of between 10-15. Once the bevel of the needle is inserted, the barrel
of the needle is 



An immunogenic composition comprising alpha toxin, lsdA and EbhA.

An immunogenic composition comprising alpha toxin, lsdA and EbhB.

An immunogenic composition comprising alpha toxin, lsdA and EbpS.

An immunogenic composition comprising alpha toxin, lsdA and EFB (FlB).

An immunogenic composítion comprising alpha toxin, tsdA and SdrG.

An immunogenic composition comprising alpha toxin, lsdA and ClfA.

An immunogenic composition comprising alpha toxin, lsdA and ClfB.

An immunogenic composition comprising alpha toxin, lsdA and FnbA.

An immunogenic composition comprising alpha toxin, lsdA and coagulase.

An immunogenic composition comprising alpha toxin, lsdA and Fig.

An immunogenic composition comprising alpha toxin, lsdA and SdrH.

An immunogenic composition comprising alpha toxin, lsdA and SdrC.

An immunogenic composition comprising alpha toxin, lsdA and SdrD.

An ímmunogenic composition comprising alpha toxin, lsdA and SdrE.

An immunogenic composition comprising alpha toxin, lsdA and MAp.

An immunogenic composition comprising lsaA and Sbi.

An immunogenic composition comprising lsaA and lsdB.

An immunogenic composition comprising lsaA and lsdA,

An immunogenic composition comprising lsaA and SdrC.
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40 An immunogenic composition comprising lsaA and Ebh or fragrnent thereof as described
above.
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lowered and further advanced whilst providing a slight pressure to elevate it under the skin.
The liquid is then injected very slowly thereby forming a bleb or bump on the skin surface,
followed by slow withdrawal of the needle. More recently, devices that are specifically
designed to administer liquid agents into or across the skin have been described, for example
the devices described in WO 99/34850 and EP 1092444, also the jet injection devices
described for example in WO 01/13977: US 5.480,381, US 5,599,302, US 5,334,144, US
5,993,412, US 5,649,912, US 5,569,189, US 5,704,911, US 5,383,851, US 5,993,397, US
5,466,220, US 5,339,163, US 5,312,335, 10  US 5,503,627, US 5,064,413, US 5,520, 639,
US 4,596,556, US 4,790,824, US 4,941,880, US 4,940.460, WO 97/37705 and WO
97113537. Alternative methods of intradermal administration of the vaccine preparations may
include conventional syringes and needles, or devices designed for ballistic delivery of solid
vaccines (WO 99/27961), or transdermal patches (WO 97/48440; WO 98/28037); or applied
to the surface of the skin 15(transdermal or transcutaneous delivery WO 98120734; WO
98/28037). When the vaccines of the present invention are to be administered to the skin, or
more specifically into the dermis, the vaccine is in a low liquid volume, particularly a volume of
between about 0.05 ml and 0.2 ml. 20 The content of antigens in the skin or Intradermal
vaccines of the present invention may be similar to conventional doses as found in
intramuscular vaccines (see above). However, it is a feature of skin or intradermal vaccines
that the formulations may be "low dose". Accordingly the protein antigens In low dose"
vaccines are optionally present in as 25  little as 0.1 to 10pg, optionally 0.1 to 5 ity per dose;
and the polysaccharide (optionally conjugated) antigens may be present in the range of 0.01-1
Mg, and optionally between 0,01 to 0.5 eg of polysaccharide per dose. As used herein, the
term "intraderm delivery" means delivery of the vaccine to the region 30  of the dermis in the
skin. However, the vaccine will not necessarily be located exclusively in the dermis. The
dermis is the layer in the skin located between about 1.0 and about 2.0 mm from the surface
in human skin, but there is a certain amount of variation between individuals and in different
parts of the body, In general, it can be expected to reach the deeds by going 1,5 mm below
the surface of the skin. The dermis is located between the 35stratum corneum and the
epidermis at the surface and the subcutaneous layer below. 57  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 derrnis, 5 An embodiment of the
invention is a method of preventing or treating staphylococcal infection or disease comprising
the step of administering the immunogenic composition or vaccine of the invention to a patient
in need thereof. 10A further embodiment of the invention is a use of the immunogenic
composition of the invention in the manufacture of a vaccine for treatment or prevention of
staphylococcal infection or disease, optionally post-surgery staphylococcal infection.    The
term 'staphylococcal infection' encompasses infection caused by a aureus and/or S.
15epidermidis and other staphylococcal strains capable of causing infection in a mammalina,
optionally human host.   The terms "comprising", "comprise" and "comprises" herein are
intended by the inventors to be optionally substitutable with the terms "consisting of', "consist
of' and "consists of', 20respectively, in every instance. 



An immunogenic composition comprising Sbi and SdrC.

' An immunogenic composition comprising Sbi and Ebh or fragment thereof as described

5 above.

An immunogenic composition of the invention comprisíng lsaA, Sbi or SdrC

10

Selection of antigens expressed in different clonal lineages

Analysis of the occurrence of virulence factors in relation with the population structure of

Staphylococcus aurcus showed variable presence of virulence genes in natural

populations of S. aureus.

Among clinical isolates of Staphylococcus aureus, at least five clonal lineages were

shown to be highly prevalent (Booth et a1.,2001 lnfect lmmun. 69(1):345-52). Alpha-

hemolysin (h/a), fibronectin-binding protein A (fnbA) and clumping factor A (c/fA) were

shown to be present in most of the isolates, regardless of lineage identity, suggesting an

important role of these proteins in the survival of S. aureus (Booth ef a/., 2001 lnfect

lmmun. 69(1):345-52). Moreover, according to Peacock et al, 2002 the distributions of

fnþA, clfA, coagulase, spa, map, pvl (Panton-Valentine leukocidin), trlg (gamma-toxin),

alpha-toxin and ica appeared to be unrelated to the underlying clonalstructure suggesting

considerable horizontal transfer of these genes.

ln contrary, other virulence genes such as fibronectin binding protein B (fnbB), beta-

hemolysin (ñ/ó), collagen binding protein (cna), TSST-1 (fsfl and methicillin resistance

gene (mecA) are strongly associated with specific lineages (Booth et al.,2001Infect

Immun. 69(1):3a5-52). Similarly, Peacock et a\.2002 (lnfect lmmun. 70(9):4987-96)

showed that the distributions of the enterotoxins, fsf, the exfolatins (efa and eúö), beta-

and delta-toxins, the sdrgenes (sdrD, sdrE and bbp), cna, ebpS and efb within the

population are all highly significantly related to MlSTderived clonal complexes.

MLST data provide no evidence that strains responsíble for nosocomial disease represent

a distinct subpopulation from strains causing community-acquired disease or strains

recovered from asymptomatic carriers (Feil eú a\.,2003 J Bacteriol. 185(1 1):3307-16).
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All referenoes or patent applications cited within this patent specification are incorporated by
reference herein. 25In order that this invention may be better understood, the following
examples are set forth. These examples are for purposes of illustration only, and are not to be
construed as limiting the scope of the invention in any manner.  Examples Example 1
Construction of Piasmid to Express Recombinant proteins A: Cloning. Appropriate restriction
sites engineered into oligonucleotides specific for the staphylococcal gene permitted
directional cloning of the PCR product into the &coil expression plasmid pE.T24d or p0E-30
such that a protein could be expressed as a fusion protein containing a (His)6 affinity
chromatography tag at the N- or C-terminus. 10 The primers used were: Alpha toxin
-5LCGCGGATCCGCAGA1TCTGATATTAATA1TAAAAC-3and 5'CCCAAGC1 3A
3GTCA3Crie1111 EbpS-51-CGCGGATCCGCTGGGTCTAATAA1I 1AAAGAT6-3'and
5'CCCAAGCTTTTATGGAATAACGAi GT16-3' 15
afA5'-CGCGGATCCAGTGAAAATAGTGETACGCAATC-3'and
5'CCCAAGC111IACTCTGGAATTGGTTCAATTTC-3'
EnbpA-5-CGCGGATCCACACAAACAACTGCAACTAACG-3'and 51CCCAAGC1I i TATGCI I
GTGATTCITITTCAAAC3' Sbi5-CGCGGATCCAACACGCAACAAACTIC-3'and 20
5'GGAACTGCAGTTATTTCCAGAATGATAATAAATTAC-3'
SdrC5.-CGCGGATCCGCAGAACATACGAATGGAG-3'and 5'CCCAAGCTI ATG1 II
CTTCTTCGTAGTAGC-3' SdrG5-CGCGGATCCGAGGAGAATTCAGTACAAG-3'and 



ln an embodiment, immunogenic compositions of the invention are effective against
staphylococci f rom different clonal li nea ges.

ln an embodiment, the immunogenic composition comprises 1,2,3,4, or at least 1

protein that is expressed in most isolates of staphylococci. Examples of such proteins

include alpha-hemolysin (h/a), fìbronectin-binding protein A (fnbA) and clumping factor A

(clfA), æagulase, spa, map, ptl (Panton-Valentine leukocidin), h/g (gamma-toxin) , rba,

immunodominant ABC transporter, RAP, autolysin (Rupp et al 2001, J. lnfect. Dis. 183;

1038), laminin receptors, SitC, lsaA/PisA, SPOlllE 0, SsaA, EbpS, SasF (Roche et al

2003, Microbiology 149; 643), EFB(FIB), SBl, ClfB, lsdA, lsdB, FnbB, Npase, EBP, Bone

sialo binding protein ll, lsaB/PisB (Lorenz et al FEMS lmmuno. Med. Microb. 2000, 29;

145), SasH (Roche et al 2003, Microbiology 149:643), MRPI, SasD (Roche et al 2003,

Microbiology 149;643), SasH (Roche et al 2003, Microbiology 149; 643), aureolysin

precursor (AUR)/Sepp1 and novel autolysin.

ln an alternative embodiment, 2 or more proteins which are expressed in different sets of

clonalstrains are included in the lmmunogenic composition of the invention. Optionally the

combination of antigens will allow an immune response to be generated that is effective

qgainst multiple clonal strains, or against all clonal stains. For example combinations

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

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

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

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

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, MecA and Efb, SdrD and

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

The combinations described above may be combined with additional components

described above.
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Protection against 
^f. aureus and ,S. epídermídß

41

5'CCCAAGCATTCGTCATCATAGTATCCG-3' 25
Ebh5AAAAGTACTCACCACCACCACCACC-3'and
5AAAAGTACTCACTTGATTCATCGCTircAG-3'
Aaa5i-GCGCGCCATGGCACAAGCTTCTACAGAACATAC-3'and
5'GCGCGCTCGAGATGGATGAATGGATAGCTAGA-37       IsaA
5-GCATCCAT3GCACCATCACCATCACCACGAAGTAAACGT1GATCAAGC-3' 30 and
5r-ACCACTCGAGITAGAATCCOCAAGCACCIAAACC-3'
HarA5-GCACCCATGGCAGAAAATACAAATACTIC-3'a nd 5`11 1CTCGAGCA111 I
AGATTGACTAAGITG-3' Autolysin
glucosaminidase5r-CAAGTCCCATGGCTGAGACGACACAAGATCAAC-3' and
51-CAGTCTCGAGTITTACAGCTGttIll GGTTG-3'  Autolysin
atnidase5'-AGCTCATATGGCTTATACTOTTACTAAACC-3and
5'GCGCCTCGAGTITATATTGTGGGATGTCG-3'
1sdA5c-CAAGTCCCATGGCAACAGAAGCTACGAACGCAAC-3'and
5'ACCAGTCTCGAGTAATTCTITAGOTTTAGAGCTTG-3' 5
IsdB6-TATTCTCGAGGGITTGAGTGTGTCCATCATI7G-3'and5'
GAAGCCATGGCAGCAGCTGAAGAAACAGGIGG-3'
MRPII5-GATTACACCATGGTTAAACCTCAAGCGAAA-3and
51AGGTGTCTCGAGTGCGATTGTAGCTICA1T-3' 10The PCR products were first introduced
into the pSEM-T cloning vector (Novagen) using Top10 bacterial cells, according to the
manufacturers instructions. This intermediate construct was made to facilitate further cloning
into an expression vector, Transformants containing the DNA insert were selected by
restriction enzyme analysis. Following digestion, a -20p1 aiiquot of the reaction was analyzed
by agarose gel electrophoresis  15 (0,8 % agarose in a Tris-acetate-EDTA (TAE) buffer). DNA
fragments were visualized by UV illumination after gel electrophoresis and ethidium bromide
staining. A DNA molecular size standard (1 Kb ladder, Life Technologies) was
electrophoresed in parallel with the test samples and was used to estimate the size of the
DNA fragments, Plasmict purified from selected translormants for each cloning was then
sequentially digested to completion 



ln an embodiment of the invention the immunogenic composition provides an effective

immune response against more than one strain of staphylococci, for example against

strains from both S. aureus and S. epidermidis. For example, a protective immune

response is generated agaínst type 5 and I serotypes of S. aureus.

One use of the immunogenic composition of the invention is to prevent nosocomial

infections, for instance in elective surgery patients, by inoculating prior to hospital

treatment. At this stage, it is difficult to accurately predict which staphylococcal strains the

patient will be exposed to. lt is therefore advantageous to inoculate with a vaccine that is

capable of generating an effective immune response against various strains of

staphylococci.

An effectíve immune response is defined as an immune response that gives significant

protec{ion in a mouse challe¡ge módel or opsonophagocytosis assay as described in the

examples. Significant protection in a mouse challenge model, for instance that of

example 5, is defined as an increase in the LD50 in comparison with carrier inoculated

mice of at least 10o/o, 2OYo, 50o/o, 100o/o or 200o/o. Significant protection in a cotton rat

challenge model, for instance that of example 8, is defined as a decrease in the mean

observed LogCFU/nose of at least 10%, 20o/o, 50o/o, 7ïo/o ot 90%. The presence of

opsonising antibodies is known to correlate with protection, therefore significant protection

is indicated by a decrease in the bacterial count of at least 10o/o,20o/o,50o/o,70Yo or g0%

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

Several of the proteins including immunodominant ABC transporter, RNA lll activating

protein, Laminin reeæptors, SitC, lsaA/PisA, SsaA, EbhA/EbhB, EbpS and Aap are well

conserved between S. aureus and S. epidermidis and example I shows that lsaA, ClfA,

lsdB, SdrG, HarA, FnbpA and Sbi can generate a cross-reactive immune response (for

example crossreactive between at least one S. aureus and at least one S. eprdermrdrs

strain). PIA is also well conseryed between S. aureus and S. epidermidis.

Therefore in an embodiment, the immunogenic composition of the invention will comprise

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

proteins.

Vaccines
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20 with appropriate restriction enzymes as recommended by the manufacturer (Life
Technologies). The digested DNA fragment was then purified using silica gel-based spin
columns prior to ligation with the pET24d or p0E-30 plasmid. Cloning of Ebh (H2 fragment),
MA, lad& IsdB, Hark Ati-amidase, Ati-glucosamine, MRP11, IsaA was carried out using the
pET24d plasmid and cloning of ClfA, Sdre, SdrE, FribpA. SdrG1Fbe, alpha 25toxin and Sbi
were carried out using the pC)E-30 plasmid. Bt Production or expression vector.  To prepare
the expression plasmid pET24d or pCiE-30 for ligation, it was similarly digested to completion
with appropriate restriction enzymes. An approximately 54old  30 molar excess of the
digested fragments to the prepared vector was used to program the ligation reaction. A
standard -20 pl ligation reaction (-164C. -16 hours), using methods well known in the art, was
performed using T4 DNA ligase (-2.0 units 1 reaction, Life Technologies). An aliquot of the
ligation (-5 pi) was used to transform M15(pREP4) or BT21::DE3 electro-competent cells
according to methods well known in the art. Following 35a -2-3 hour outgrowth period at 37`C
in -1.0 ml of LB broth, transformed cells were 60  plated on LB agar plates containing
ampiciilln (100 pgfrin) and/or kanamycin (30pgim1). Antibiotics were included in the selection,
Plates were incubated overnight at 37C for -16 hours. Individual ApRiKariR colonies were
picked with sterile toothpicks and used to 'patch inoculate fresh LB ApRiKanR plates as well
as a -1.0 ml LB Ap/ Kan broth culture. 5 Both the patch plates and the broth culture were
incubated overnight at 37C in either a standard incubator (plates) or a shaking water bath. A
whole cell-based PCR analysis was employed to verify that transformarits contained the DNA
insert. Here, the -1.0 ml overnight LB Ap/Kan broth culture was transferred to a 1,5 ml
polypropylene tube and the cells coliected by centrifugation in a Beckmann microcentrifuge
(-3 min., room 10 temperature, -12,000 X g). The ce/1 pellet was suspended in -2000 of sterile
water and a -10p1 aliquot used to program a -50p1 final volume PCR reaction containing both
forward and reverse amplification primers. The initial 95C denaturation step was increased to
3 minutes to ensure thermal disruption of the bacterial cells and liberation of plasmid DNA. An
AR Model 0700 thermal cycler and a 32 cycle, three-step thermal amplification profile, 15 i.e.
95C, 45sec; 55-58C, 45sec, 72C, 1 min., were used to amplify the 6A5B203 fragment from
the based transformant samples, Following thermal amplification, a -20pi aliquot of the
reaction was analyzed by agarose gel electrophoresis (0.8 % agarose in a Tris-acetate-EDTA
(TAE) buffer), DNA fragments were visualised by UV illumination after gel electrophoresis and
ethidium bromide staining. A DNA molecular size standard (1 Kb 20 ladder, Life
Technologies) was electrophoresed in parallel with the test samples and was used to estimate
the size of the PCR products. Transformants that produced the expected size PGR product
were identified as strains containing a protein expression construct. Expression plasmic.:
containing strains were then analyzed for the inducible expression of recombinant protein. 25
C: Facpression Analysis of PCR-Positive Transformants. An aliquot or the overnight seed
culture (71.0 ml) was inoculated into a 125 ml ehenmeyer flask containing -25 ml of LB
Aptican broth and was grown at 37 C with shaking (-250 rpm) until the culture turbidity
reached 0,0.600 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 m: 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 35cultures were removed after the induction period
and the cells collected by centrifugation  



ln an embodiment, the immunogenic composition of the invention is mixed with a

pharmaceutically acceptable excipient, and optioanlly with an adjuvant to form a vaccine.

The vaccines of the present invention may be adjuvanted, particularly when intended for

use in an elderly population but also for use in infant populations. Suitable adjuvants

include an aluminum salt such as aluminum hydroxide gel or aluminum phosphate or

alum, but may also be other metal salts such as those of calcium, magnesium, iron or

zinc, ot may be an insoluble suspension of acylated tyrosine, or acylated sugars,

cationically or anionically derivatized saccharides, or polyphosphazenes.

It is preferred that the adjuvant be selected to be a preferential inducer of a TH1 type of

response. Such high levels of Thl-type cytokines tend to favour the induction of cell

mediated immune responses to a given antigen, whilst high levels of Th2-type cytokines

tend to favour the induction of humoral immune responses to the antigen.

The distinction of Th1 and Th2-type immune response is not absolute. ln reality an

individual will support an immune response which is described as being predominantly

Th1 or predominantly Th2. However, it is often convenient to consider the families of

cytokines in terms of that described in murine CD4 +ve T cell clones by Mosmann and

Coffman (Mosmann, T,R. and Coffman, R.L. (1989) TH1 and TH2 cells: different patterns

of lymphokine secretion lead to different functional properties. (Annual Review of

lmmunology, T, p145-173), Traditionally, Th1-type responses are associated with the

production of the lNFl and lL-2 cytokines by T-lymphocytes. Other cytokines often

directlyassociated with the induction of Th1-type immune responses are not produced by

T-cells, such as lL-12. ln contrast, Th2-type responses are associated with the secretion

of l14, lL-5, lL-6, lL-10. Suitable adjuvant systems which promote a predominantly Th1

response include: Monophosphoryl lipid A or a derivative thereof (or detoxified lipid A in
general see for instance WO2005107798), particularly 3-de{-acylated

monophosphoryl lipid A (3D-MPL) (for its preparation see GB 2220211 A); and a

combination of monophosphoryl lípid A, preferably 3-de-O-acylated monophosphoryl lipid

A, together with either an aluminum salt (for instance aluminum phosphate or aluminum

hydroxide) or an oil-in-water emulsion. ln such combinations, antigen and 3D-MPL are

contained ín the same particulate structures, allowing for more efficient delivery of

antigenic and immunostimulatory signals. Studies have shown that 3D-MPL is able to
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in a microcentrifuge at room temperature for -3 minutes. Individual cell pellets were
suspended in -50p1 of sterile water, then mixed with an equal volume of 2X Laemelli
SOS-PAGE sample buffer containing 2-mercaptoethanol, and placed in boiling water bath for
-3 min to denature protein. Equal volumes (-15p1) of both the crude IPTG-induced 5 and the
non-induced cell lysates were loaded onto duplicate 12% Trisiglycine polyacrylamide gel (1
mm thick Mini-gels, Novex). The induced and non-induced lysate samples were
electrophoresed together with prestained molecular weight markers (SeeBlue. Novex) under
conventional conditions using a standard SDS/Tris/glycine running buffer (BioRad). Following
electrophoresis. one gel was stained with commassie 10 brilliant blue R250 (BioRad) and then
destained to visualize novel IPTG-inducible protein(s) .The second gel was electroblotted onto
a PVDF membrane (0.45 micron pore size, Novex) for -2 hrs at 4 t using a BioRad
Mini-Protean II blotting apparatus and Towbin's methanol (20 c/u) transfer buffer. Blocking of
the membrane and antibody incubations were performed according to methods well known in
the art. A monoclonal 15 anti-RGS (His)3 antibody, followed by a second rabbit anti-mouse
antibody conjugated to HRP (QiaGen), were used to confirm the expression and identity of the
recombinant protein. Visualization of the anti-His antibody reactive pattern was achieved
using either an ABT insoluble substrate or using Hyperfilm with the Amersharn EU_
chemiluminescence system. 20 Example 2: Production of Recombinant Protein Bacterial
strain     A recombinant expression strain of E. coli M15(pREP4) containing a plasmid (p0E30)
or BL21::DE3 containing plasmid pET24d encoding staphylococcal protein was used to
25produce cell mass for purification of recombinant protein. Media The fermentation medium
used for the production of recombinant protein consisted of 2X VT broth (Difcci) containing
100pg/rni Ap and/or 30 palml Km. Antifoarn was added to 30 medium for the ferrnentor at
0.25 mILL (Antifoarn 204, Sigma). To induce expression of the recombinant protein, IPTG
(Isopropyl 11-D-Thiogalactopyranoside) was added to the tormentor (1 mM, final). Production
of recombinant proteins  Under native conditions PIG wa-s added at a final concentration of 1
rnM and the culture was grown for 4 additional hours. The culture was then centrifuged at
6,000 rpm for 10 minutes and the 5 pellet was resuspended in phosphate buffer (50mM
FCHPO4, KH2PO4 pH 7) including a protease inhibior cocktail. This sample was subjected to
French pressure lysis using 1500 bar pressure ( 2 runs), After centrifugation for 30 minutes at
15,000 rpm, the supernatant was reserved for further pudficaticn and Naa was added to 0.5M.
The sample was then loaded on a NI-NTA resin (XK 16 column Phamiaoia, Ni-NTA resin
Qiagen) conditioned in 10 SOrnM K2HPO4, KH2PO4 pH 7, After loading the sample, the
column was washed with Buffer A (0.2M NaH2PO4 017, 0.3M Neel, 10% glycerol). To elute
bound protein, a step gradient ws used where different proportions of buffer B (0.2M
NaH2PO4 pH7, 0.3M Ned, 10% glyceroi and 200mM imidazole) were added to buffer A. The
proportion of buffer B was gradually increased from 10% to 100%. After purification, eiuted
fraction 15containing the protein were pooied, concentrated and dialysed against 0.002M
KH2PO4/K2HPO4 pH?, 0.15M Naa, This method was used to purify CifA, SdrG, IsdA, IsaB,
Hark Atl-gluoasarnine and alpha toxin, 



further enhance the immunogenicity of an alum-adsorbed antigen fihoelen ef a/. Vaccine

(1998) 16:708-14: EP 689454-811.

An enhanced system involves the combination of a monophosphoryl lipid A and a saponin

derivative, particularly the combination of QS21 and 3D-MPL as disclosed in WO

94/00153, or a less reactogenic composition where the QS21 is quenched with

cholesterol as disclosed in WO 96/33739. A particularly potent adjuvant formulation

involving QS21, 3D-MPL and tocopherol in an oil in water emulsion is described in WO

95117210. ln one embodiment the immunogenic composition additionally comprises a

saponin, which may be QS21. The formulation may also comprise an oil in water emulsion

and tocopherol (WO 95117210). Urrnrethylated CpG containing oligonucleotides (WO

96/02555) and other irnmunomodulatory oligonucleotides (WO0226757 and

WO03507822¡are also preferential inducers of a TH1 response and are suitable for use in

the present invention.

Particular adjuvants are those selected from the group of metal Salts, oil in water

emulsions, Toll like receptors agonist, (in particular Toll like receptor 2 agonist, Toll like

receptor 3 agonist, Toll like receptor 4 agonist, Toll like receptor 7 agonist, Toll like

receptor I agonist and Toll like receptor 9 agonist), saponins or combinations thereof.

An adjuvant that can be used with the vaccine compositions of the invention are bleb or

outer membrane vesicle preparations from Gram negative bacterial strains such as those

taught by WO0209746 - particularly N. meningitidis blebs. Adjuvant properties of blebs

can be improved by retaining LOS (lipooligosacccharide) on its surface (e.g. through

extraction with low concentrations of detergent ffor instanct 0-0.1% deoxycholatel). LOS

can be detoxified through the msbB(-) or htrB(-) mutations discussed in WO0209746.

Adjuvant properties can also be improved by retaining PorB (and optionally removíng

PorA) from meningococcal blebs, Adjuvant properties can also be improved by truncating

the outer core saccharide structure of LOS on meningococcal blebs - for instance via the

lgtB(') mutation discussed in WO20041014417. Alternatively, the aforementioned LOS

(e.9. isolated from a msbB(-) and/or lgtBþ) strain) can be purified and used as an adjuvant

in the compositions of the invention.
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A further adjuvant which may be used with the compositions of the invention may be

selected from the group: a saponin, lipid A or a derivative thereof, an immunostimulatory

44

20 Under denaturing conditions  !PIG was added at a final concentration of 1rnM end the
culture was grown for 4 additional hours. The culture was then centrifuged at 6,000 rpm for 10
mintes and the pellet was resuspended in phosphate buffer (50mM K2HPO4, KH2PO4 pH 7)
including a 25 protease inhibior cocktail. This sample was subjected to French pressure iysis
using 1500 bar pressure ( 2 runs). After centrifugation for 30 minutes at 15,000 rpm, the pellet
was washed with phosphate buffer including 1M urea. The sample was centrifuged for 30
mins at 15000rprn and the pellet was resuspended in 8M urea, 0.1M Nal-I2PO4, 0.5M Nadi,
0.01M Tris-Hci p118 and kept overnight at room temperature. The sample was centrifuged 30
fro 20 minutes at 15000rpm and the supernatant was coiiected for further purification. The
sample was then loaded on a Ni-NTA resin (XK 16 column Pharmacia, Ni-NTA resin Cftagen)
conditioned in 8M urea, 0.1M NaH2PO4, 0.5tvi Nadi, 0.01M TrisHci pl18. After passsage of
the flowtnrough, the column was washed succesively with buffer A (8M Urea, 0.1MNaH2PO4,
0,5M NaCI, 0.01M Tris, pH 8.0), buffer C (13M Urea, 0.1MNaH2PO4, 0.5M 35Naa, 0.01M
Tile, pH 6.3), buffer D (8M Urea, 0.1MNaH2PO4, 0.5M NaCl, 0.01M his, pll  5.G) and buffer E
(8M Urea, 0.1MNahl2PO4, 0.5M Neel, 0.01M Tris, pH 4.5), The recombinant protein was
eluted from the column during washes with buffer ID and E. The denatured, recombinant
protein could be solubiiized in a solution devoid of urea. For this purpose, denatured protein
contained in am urea was successively dialyzed against 4M urea, 0.1MNa2PO4, 0.01M
pH7.1, 2M urea, 0.1 M NaH2PO4, 0.01M Tris-HCI, pH 7.1, 0.5M arginine and 0,002M
KH2PO4/K2HPO4 pH7,1, 0,15M NaCI, 0.5M arginine, This method was used to purify Ebh
(H2 fragment), MA, SdrC, FribpA, Sbl, Atl-arnidase and IsaA. 10 The purified proteins were
analysed by SOS-PAGE. The results for one protein purified under native conditions (alpha
toxin) and one protein purified under denaturing conditions (SdrC) are shown in Figures 3 and
4. 15 Example 3 Preparation of S. aureus Capsular Polysaccharide Conjugates using CDAP
Activation and coupling chemistry for native P58 using CDAP: 20  SA0817004 Activation and
coupling were performed at room temperature under continuous stirring. 10 mg of native
polysaccharide were dissolved to obtain a final PS concentration of 2.5 25nigiml in 0.2M
NaCI. The solution was then adjusted to pH 6.0442 before the activation step. At time 0, 50 el
of a CDAP solution (100 mg/ml freshly prepared in acetonitrilePATI, 50/50) were added
manually to reach the appropriate CDAP/PS (0.5/1) ratio. 30After 1.5 minutes the pH was
raised to pH 9.00+1405 by addition of 0.6M Na0H. 



oligonucleotide, an alkyl glucosaminide phosphate, an oil in water emulsion or

combinations thereof. A further preferred adjuvant is a metal salt in combination with

another adjuvant. lt is preferred that the adjuvant is a Toll like receptor agonist in

particular an agonist of a Toll like receptot 2,3,4,7,8 or 9, or a saponin, in particular

Qs21. lt is further preferred that the adjuvant system comprises two or more adjuvants

from the above list. ln particular the combinations preferably contain a saponin (in

particular Qs21) adjuvant and/or a Toll like receptor 9 agonist such as a CpG containing

immunostimulatory oligonucleotide. Other preferred combinations comprise a saponin (in

particular OS21) and a Toll like receptor 4 agonist such as monophosphoryl lipid A or its 3

deacylated derívative, 3 D - MPL, or a saponin (in particular QS21) and a Toll like

receptor 4 ligand such as an alkyl glucosaminide phosphate.

Particularly preferred adjuvants are combinations of 3D-MPL and QS21 (EP 0 671 948

81), oil in water emulsions comprising 3D-MPL and QS21 (WO 95117210, WO 98/56414),

or 3D-MPL formulated with other carriers (EP 0 689 454 81). Other preferred adjuvant

systerns comprise a combination of 3 D MPL , QS21 and a CpG oligonucleotide as

descrlbed in US6558670, US6544518.

ln an embodiment the adjuvant is a Toll like receptor (TLR) 4 ligand, preferably an agonist

such as a lipid A derivative particularly monophosphoryl lipid A or more particulady 3

Deacylated monophoshoryl lipid A (3 D - MPL).

3 D -MPL is available from GlaxoSmithKline Biologicals North America and primarily

promotes CD4+ T cell responses with an IFN-g (Th1)phenotype. lt can be produced

according to the methods disclosed in GB 2 220 211 A. Chemically it is a mixture of 3-

deacylated monophosphoryl lipid A with 3, 4, 5 or 6 acylated chains. Preferably ín the

compositions of the present invention small particle 3 D- MPL is used. Small particle 3 D

-MPL has a particle size such that it may be sterile-filtered through a O.22pm filter. Such

preparations are described in lntemational Patent Application No. WO 94121292.

Synthetic derivatives of lipid A are known and thought to be TLR 4 agonists including, but

not limited to:

OM174 (2{eoxy-6-o-[2-deoxy-2-[(R)-3-dodecanoyloxytetra-decanoylamino]-4-o-

phosphono-B-D-glucopyranosyll-2-[(R)-&hydroxytetradecanoylamino]-o-D-

g lucopyranosyld ihyd rogenphosph ate), (WO g5 I 1 4026)
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NaOH addition takes about 1 minutes and pH is stabilised at pH 9.00+1-0.05 up to carrier
addition. At time 4.5 minutes, 1.5 ml of TT (10 mg/m1 in 0.2M NaCI) was added to reach the
appropriate Protein/PS ratio (1.5/1): pH was immediately adjusted to coupling pH 9.0 350.05.
The solution is left for one hour under manual pH regulation.  After the coupling step, 0.5 ml of
2M glycine (ratio glyiPS (w/w): 7.5/1) were added; pH was immediately adjusted to
9.00+1-0.05. The solution was left for 30 minutes under manual pH regulation. Then the
conjugate was clarified using a 5 gm Minisart filter and injected on Sephacryl S400HR
(XK16/100). The flow-rate was fixed at 30 nil/h, using 150mM NaCl. The elution fractions were
analysed by resorcinol and by RBCA. Interesting fractions were pooled and filtered on 0.22
gm Sterivex.      The resulting conjugate had a final TT/PS ratio (w/w) of 1.05 as assessed by
resorcinol 10 and Lowry assays. Example 4 Preparation of S. aureus Capsular
Polysaccharide Conjugates using CDAP on sized polysaccharides 15 Activation and coupling
chemistry for sized 13513 using CDAP PS is weighted on the basis 01 10% theoretical
moisture content, 2 g of native, humid PS was dissolved overnight in WFI at an initial
concentration of 10 mg/ml. Before the sizing, the solution of native PS was clarified on 5 gm
cut-off filter. 20 A EMULSIFLEX C50 homogenizer apparatus, in which the homogenizing cell
was replaced with a Microfluidics F20Y-0.75gm Interaction chamber, was used to reduce the
molecular weight and the visc:osily of the polysaccharide before the activation step The size
reduction was realized at 10000 psi during the 10 first cycles arid then at 15000 psi for the
following 60 cycles. The progress of the size reduction was followed in-process 25by
measuring viscosity. The sizing was stopped after 70 cycles when the target of 2.74  0.2 cp
was reached. Activation and coupling were performed at room temperature under continuous
stirring.      50 mg of sized polysaccharide 8 were diluted to obtain a final PS concentration of
5 mg/ml 30in 0.2M NaCI. At lime 0, 375 gl of a CDAP solution (100 mg/ml freshly prepared in
acetonitrileNVFI, 50/50) were added manually to reach the appropriate CDAP/PS (0,75/1)
ratio, After 1 minute the pH was raised to pH 9.00+/-0.05 by addition of 0.5M Na0H.  At time
2.5 minutes, 10 ml of rr at 10 mgirni in 0.2M NaCI were added to reach the appropriate
Protein/PS ratio (211); pH was immediately adjusted to coupling pH 9.004005, The solution
was left for 55 minutes under manual pH regulation. After the coupling step, 2.5 ml of 2M
glycine (ratio gly/PS (w/w): 7.5/1) were added; pH was immediately adjusted to 9.00-4-0.05 by
the regulator. The solution was left for 30 minutes under manual pH regulation. Then the
conjugate was clarified using a 5pm Minisart filter and injected on Sephacryl S400HR
(XK26/100). The flow-rate was fixed at 60 ml/h. 



OM 294 DP (3S, I R) -3--[(R)-dodecanoyloxytetradecanoylamino]-4-oxo-5-aza-9(R)-[(R)-

3-hydroxytetradecanoylaminoldecan-1,10dio|,1 ,1O-bis(dihydrogenophosphate) (WO99

164301and WO 0010462)

OM 197 MP-Ac DP ( 3S-, 9R) -3-t(R) dodecanoyloxytetradecanoylaminol-4-oxo-5-aza-9-

[(R)-3-hydroxytetradecanoylamino]decan-1,10-diol,1 -dihydrogenophosphate 10-(6-

aminohexanoate) (WO 01 146127)

Other TLR4 ligands which may be used are alkyl Glucosaminide phosphates (AGPs) such

as those disclosed in WO9850399 or US6303347 (processes for preparation of AGPs are

also disclosed), or pharmaceutically acceptable salts of AGPs as disclosed in

US6764840. Some AGPs are TLR4 agonists, and some are TLR4 antagonists. Both are

thought to be useful as adjuvants.

Another prefered immunostimulant for use in the present invention is Quil A and its

derivatives. Quil A is a saponin preparation isolated from the South American tree Quilaja

Saponaria Molina and was first described as having adjuvant activity by Dalsgaard et al.

in 1974 ("Saponin adjuvants", Archiv. für die gesamte Virusforschung, Vol. 44, Springer

Verlag, Berlin, p243-254). Purified fragments of Quil A have been isolated by HPLC

which retain adjuvant activity without the toxicity associated with Quil A (EP 0 362 278),

for example QS7 and QS21 (also known as QA7 and QA21). QS-21 is a natural saponin

derived from the bark of Quillaja saponaria Molina which induces CD8+ cytotoxic T cells

(CTLs), Thl cells and a predominant lgG2a antibody response and is a preferred saponin

in the context of the present invention.

Particular formulations of QS2l have been described which are particularly preferred,

these formulations further comprise a sterol WO96/33739). The saponins forming part of

the present invention may be separate in the form of micelles, mixed micelles

(preferentially, but not exclusively with bile salts) or may be in the form of ISCOM matrices

(EP 0 109 942B1), liposomes or related colloidal structures such as worm-like or ring-like

multimeric complexes or lipidic/layered structures and lamellae when formulated with

cholesterol and lipid, or in the form of an oil in water emulsion (for example as in WO

95117210). The saponins may preferably be associated with a metallic salt, such as

aluminium hydroxide or aluminium phosphate (WO 9S/152S7).
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The elution fractions were analysed by resorcinol and by protein dosage. interesting
10fractions were pooled and filtered on 0.22 Jim Millipack20. The resulting conjugate has a
final/PS ratio of 1.94.      Example 5 Preparation of S. atereas Capsular Polysaccharide
Conjugates using 15 EDAC Activation and coupling chemistry using EDAC: S. auretts
capsular polysaccharide type_ 8-TT conitnate: 20 PS derivatiza don Activation and coupling
were performed at room temperature under continuous stirring. 30 mg of native
polysaccharide were diluted to obtain a final polysaccharide concentration 25 of 5 mg/rni in
water, The solution was adjusted to pH 4,5-5.0 with 0.5N HCI and then 66 ag of AOH were
added (2.2 mg/mg PS). After complete dissolution, 60 mg of EDAC were added (2 mg/mg
PS). After 70 min the pH was raised to pH 7.5 with IN NaOH to stop the reaction. Free ADH
was removed by purification on Sephacryl S100HR (XK 16/40). The flow-rate was fixed at 60
rrilth using 0(2 M NaCi as elution buffer. A size reduction was 30done by sonfeation of 15 min
allowing a sterile filtration on millex filter (0.22 am), Coupling Tetanus toxoid was added to 5 to
10 mg of derivalized polysaccharide in 0.2M Neel and 35the pH was adjusted to pH 5.0 or pH
6.0 by addition of 0.5N Ha, EDAC was dissolved in 0.1M Iris Puffer pH 7,5 and then added
over a period of 10 min (115 vol each 2 min). According to the conditions used (see Table 5),
the reaction was stopped after between 30 and 180 minutes by addition of 1M Tris-HCI pH
7.5. Prior to purification on Sephacryl  S400HR, the conjugate was clarified using a 5pm
Minisart filter. Alternatively, the conjugate was clarified by a 5 minute sonication step. The
conjugate was then injected on Sephacryi S400HR (XK16/100). The flow-rate was fixed at 30
milh using 150 nr:M NaCI as elution buffer. The elution pool was selected on the basis of
resorcinol and j.t8CA profiles 8 (which measure polysaccharide and protein dosage
respectively). The conjugate was filtered on a 022 prr: sterilizing membrane (Millipack 20) at
10 mi/min. Table 5 10Table 5: coupling done at pH 6.0 The resulting conjugates have the
following characteristics shown in Table 6: Table 6 Conjugate 



Preferably, the saponin is presented in the form of a liposome, ISCOM or an oil in water

emulsion.

An enhanced system involves the combination of a monophosphoryl lipid A (or detoxified

lipid A) and a saponin derivative, particularly the combination of QS21 and 3D-MPL as

disclosed in WO 94/00153, or a less reactogenic composition where the QS21 is
quenched with cholesterol as disclosed in WO 96/33739. A particularly potent adjuvant

formulation involving tocopherol with or without QS21 and/or 3D-MPL in an oil in water

emulsion is described in WO 95117210. ln one embodiment the immunogenic

compositíon additionally comprises a saponin, which may be QS21.

lmmunostimulatory oligonucleotides or any other Toll-like receptor (TLR) 9 agonist may

also be used.The prefened oligonucleotides for use in adjuvants or vaccines of the

present invention are CpG containing oligonucleotides, preferably containing two or more

dinucleotíde CpG motifs separated by at least three, more preferably at least six or more

nucleotides. A CpG motif is a Cytosine nucleotide followed by a Guanine nucleotide. The

CpG oligonucleotides of the present invention are typically deoxynucleotides. ln a
preferred embodiment the internucleotide in the oligonucleotide is phosphorodithioate, or

more preferably a phosphorothioate bond, although phosphodiester and other

internucleotide bonds are within the scope of the invention. Also included within the

scope of the invention are oligonucleotides with mixed internucleotide linkages. Methods

for producing phosphorothioate oligonucleotides or phosphorodithioate are described in

US5,666,153, US5,278,302 and WO95/26204.

Examples of preferred oligonucleotides have the following sequences. The sequences

preferably contain phosphorothioate modified internucleotide linkages.

oLlco 1(SEQ lD No:1):TCC ATG ACG TTC CTG ACG TT (CpG 1826)

OLIGO 2 (SEO lD NO:2): TCT CCc AGC cTG CGC cAT (cpc 1758)

oLlco 3(SEO lD NO:3):ACC cAT GAC cTC GCC GGT GAC GGC ACC ACG

OLIGO 4 (SEO lD NO:4): TCG TCG TTT TcT CcT TTT GTC GTT (cpG 2006)

OLIGO 5 (SEO lD NO:5):TCc ATG Acc TTc cTG ATG CT (CpG 1668)

OLIGO 6 (SEO lD NO:6): Tcc Acc TTT TcG ccc ccc ccC G (cpc 5456)

Alternative CpG oligonucleotides may comprise the preferred sequences above in that

they have inconsequential deletions or additions thereto,
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In, TT/PS ratio(w/w) F. TT/PS ratio (tv/w) Y. PS Inc (%) Fi!tr. Yield (%) 5A08- TT0112/1 2,43/1
48 99 SA08-T-10152/1 2.40/1 53 104 SA08-17017 2/1 2,41/1 44 107 SA08-TT018 



The CpG oligonucleotides utilised in the present invention may be synthesized by any

method known in the art (for example see EP 468520). Conveniently, such

oligonucleotides may be synthesized utilising an automated synthesizer.

The adjuvant may be an oil in water emulsion or may comprise an oil in water emulsion in

comblnation with other adjuvants. The oil phase of the emulsion system preferably

comprises a metabolisable oil. The meaning of the term metabolisable oil is wellknown in

the art. Metabolisable can be defined as 'being capable of being transformed by

metabolism' (Dorland's lllustrated Medical Dictionary, W.B. Sanders Company, 25th

edition (1974)). The oil may be any vegetable oil, fish, oil, animal or synthetic oil, which is

not toxic to the recipient and is capable of being transformed by metabolism. Nuts, seeds,

and grains are common sources of vegetable oils. Synthetic oils are also part of this

invention and can include commercially available oils such as NEOBEE@ and others.

Squalene (2,6,10,15,19, 23-Hexamethyl-2,6,10,14,18,22-lelracosahexaene) is an

unsaturated oil which is found in large quantities in shark-liver oil, and in lower quantities

in olive oil, wheat germ oil, rice bran oil, and yeast, and is a particularly preferred oil for

use in this invention. Squalene is a metabolisable oil by virtue of the fact that it is an

intermediate in the biosynthesis of cholesterol (Merck index, lOth Edition, entry no,8619).

Tocols (e.9. vitamin E) are also often used in oil emulsions adjuvants (EP 0 382 271 B1:

US56677841WA 95117210). Tocols used in the oil emulsions (preferably oil ín water

emulsions) of the invention may be formulated as described in EP 0 382 271 81, in that

the tomls may be dispersions of tocol droplets, optionally comprising an emulsifier, of

preferably less than I micron in diameter. Alternatively, the tocols may be used in

combination with another oil, to form the oil phase of an oil emulsion. Examples of oil

emulsions which may be used in combination with the tocol are described herein, such as

the metabolisable oils described above.

Oil in water emulsion adjuvants per se have been suggested to be useful as adjuvant

compositions (EP 0 399 8438), also combinations of oil in water emulsions and other

active agents have been described as adjuvants for vaccines WO 95/17210; WO

98156414: WO 99/12565; WO 99111241). Other oil emulsion adjuvants have been

described, such as water in oil emulsions (US 5,422,109;EP 0 480 982 B.2) and water in

oil in water emulsions (US 5,424,067;EP 0 480 981 B). All of which form preferred oil
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2/1 2.40/1 42 106 15 S. aureus polysaccharide type 8 was also treated by mIcrofluidization
before derivatization with ADH 20ES derivatization  Activation and coupling are performed at
room temperature under continuous stirring. 200 mg of sized polysaccharide are diluted to
obtain a final PS concentration of 10 mg/ml in water. Then 440 mg of ADH were added (2.2
mg/mg PS). The solution was adjusted to pH 4.7 with iN Ha before the addition of 400 rig of
EDAC (2 mg/mg PS). After 60 Mn the pH was raised to pH 7.5 with 5M NaOH to stop the
reaction. The mixture was concentrated on Arnicon Ultra (cut-off 10.000 MWCO). Prior to
purification on Sephacryl S200HR (XK16/100), the conjugate was clarified using a 5pm
Minisart filter. The flow-rate was fixed at 30 ml/h using 0,150 M Naa as elution buffer. 10
C:91:12illiil 100 mg of IT was added to 50 mg of derivatized polysaccharide In 0.2M NaCl. The
pH 15was adjusted to pH 5.0  0,02 by addition of 0.3N FICI. EDAC was dissolvecld in 0.1M
Iris buffer pH 7.5 and then added over a period of 10 min (1/10 vol each minute). According to
the conditions used (see Table 8), the reaction was stopped after between 30 and 180
minutes by addition of 1M Tris-FICI pH 7.5. Prior to purification on Sephacryl S400HR, the
conjugate was clarified using a 5pm Minisart filter, The conjugate was then injected on 20
Sephecryt 3400HR (XK50/100). The flow-rate was fixed at 60 ml/h using 160 mM NaCI as
elution buffer. The elution pool was selected on the basis of resorcinol and pECA profiles
(which measure polysaccharide and protein dosage respectively). Then, the conjugate was
filtered on a 0.22 1.tin sterilizing membrane (Millipack 20) at 10 milmin. 25 Table 7      



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

composit¡ons of the present invention.

Most preferably the oil emulsion (for instance oil in water emulsions) further comprises an

emulsifier such as TWEEN 80 and/or a sterol such as cholesterol.

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

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

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

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

The method of producing oil in water emulsions is well known to the man skilled in the art.

Commonly, the method comprises mixing the tocol-containing oil phase with a surfactant

such as a PBS/TWEENSOTM solution, followed by homogenisation usi¡g a homogenizer, ít

would be clear to a man skilled in the art that a method comprising passing the mixture

twice through a syringe needle would be suitable for homogenising small volumes of

liquid. Equally, the emulsification process in microfluidiser (M110S Microfluidics machine,

maximum of 50 passes, for a period of 2 minutes at maximum pressure input of 6 bar

(output pressure of about 850 bar)) could be adapted by the man skilled in the art to

produce smaller or larger volumes of emulsion. The adaptation could be achieved by

routine experimentation comprising the measurement of the resultant emulsion until a
preparation was achieved with oil droplets of the required diameter.

ln an oil in water emulsion, the oil and emulsifier should be in an aqueous canier. The

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

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

preferably less than 1 micron, may be in the range of substantially 30-600nm, preferably

substar¡tially around 30-500nm in diameter, and most preferably substantially 150-500nm

in diameter, and in particular about 150 nm in diameter as measured by photon

correlation spectroscopy. ln this regard, 80% of the oil droplets by number should be

within the preferred ranges, more preferably more than 90% and most preferably more

than 95% of the oildroplets by number are within the defined size ranges. The amounts of

the components present in the oil emulsions of the present invention are conventionally in

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

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

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

tocol (preferably o-tocopherol) is equal or less than 1 as this provides a more stable
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Conjugate Coupling [PS- AN] DTI [El:MC]  time (mg/ml) (mg/m1) (mg/mg PS) SA08-T1-04565
min 3.83 7.66 0.1 SA08-17046 45 min 3.75 



emuls¡on. An emulsifier, such as TweenS0 or Span 85 may also be present at a level of

about 1%. ln some cases it may be advantageous that the vaccines of the present

invention will further contain a stabilíser.

Examples of prefened emulsion systems are described in WO 95117210, WO 99111241

and WO 99/12565 which disclose emulsion adjuvants based on squalene, cr-tocopherol,

and TWEEN 80, optionallyformulated with the immunostimulants QS21 and/or 3D-MPL.

Thus in a particularly, preferred embodiment of the present invention, the adjuvant of the

invention may additionally comprise further immunostimulants, such as LPS or derivatives

thereof, and/or saponins, Examples of further immunostimulants are described herein

and in "Vaccine Design - The Subunit and Adjuvant Approach'1995, Pharmaceutical

Biotechnology, Volume 6, Eds. Powell, M.F., and Newman, M.J., Plenum Press, New

York and London, ISBN 0'30644867-X.

ln a preferred aspect the adjuvant and immunogenic compositions according to

the invention comprise a saponin (preferably OS21) and/or an LPS derivative (preferably

3D-MPL) in an oil emulsion described above, optionally with a sterol (preferably

cholesterol). Additionally the oil emulsion (preferably oil in water emulsion) may contain

span 85 and/or lecithin and/or kicaprylin, Adjuvants comprising an oil-in-water emulsion, a

steroland a saponin are described in WO 99/12565.

Typically for human administration the saponin (preferably OS21) and/or LPS

derivative (preferably 3D-MPL) will be present in a human dose of immunogenic

composition in the range of 1pg - 200p9, such as 1G100p9, preferably 1Opg - 50pg per

dose. Typically the oil emulsion (preferably oil in water emulsion)will comprise from 2 to

10% metabolisible oil. Preferably it will comprise trom2 to 10o/o squalene, from 2 to 10%

alpha tocopherol and from 0.3 to 3% (preferably 0.4 - 2Vo) emulsifier (preferably tween 80

[polyoxyethylene sorbitan monooleate]). Where both squalene and alpha tocopherol are

present, preferably the ratio of squalene: alpha tocopherol is equal to or less than 1 as

this provides a more stable emulsion. Span 85 (Sorbitan trioleate) may also be present

at a level of 0.5 to 1o/o in the emulsions used in the invention. ln some cases it may be

advantageous that the immunogenic compositions and vaccines of the present invention

willfurther contain a stabiliser, for example other emulsifiers/surfactants, including caprylic

acid (merck index lOth Edition, entry no. 1739), of which Tricaprylin is particutarly

preferred.
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7.5 0.2 S408-71-047 30 min 5.0 15.0 0,2 5A08 -T1048 120 min 5.0 10.0 0.05 SA08-r1049* 50
min 5.0 10.0 0.1  * EbAC added in one time" Table 8  Conjugate In. 17/PS 



Where squalene and a saponin (preferably OS21) are included, it is of benefit to

also include a sterol (preferably cholesterol) to the formulation as this allows a reduction in

the total level of oil in the emulsion. This leads to a reduced cost of manufacture,

improvement of the overall comfort of the vaccination, and also qualitative and

quantitative improvements of the resultant immune responses, such as improved lFNl
production, Accordingly, the adjuvant system of the present invention typically comprises

a ratio of metabolisable oil:saponin (w/w) in the range of 200:1 to 300:1, also the present

invention can be used in a'low oil" form the preferred range of which is 1:1 to 200:1,

preferably 20:1 to 100:1, and most preferably substantially 48:1, this vaccine retains the

beneficial adjuvant properties of all of the components, with a much reduced

reactogenicity profile. Accordingly, the particularly preferred embodiments have a ratio of

squalene:QS21 (w/w) in the range of 1:1 to 250:1, also a preferred range is 20:1 to 200:1,

preferably 20:1 to 100:1, and most preferably substantially 48:1. Preferably a sterol (most

preferably cholesterol) is also included present at a ratio of saponin:sterol as described

herein.

The emulsion systems of the present invention preferably have a small oil droplet

size in the sub-micron range. Most preferably the oil droplet sizes will be in the range 120

to 750 nm, and most preferably from 120€00nm in diameter.

A particularly potent adjuvant formulation (for ultimate combination with AIPO4 in

the immunogenic compositions of the invention) involves a saponin (preferably QS21), an

LPS derivative (preferably 3D-MPL) and an oil emulsion (preferably squalene and alpha

tocopherol in an oil in water emulsion) as described in WO 95117210 or in WO 99/12565

(in particular adjuvant formulation 11 in Example 2, Table 1).

Examples of a TLR 2 agonist include peptidoglycan or lipoprotein. lmidazoquinolines,

such as lmiquimod and Resiquimod are known TLRT agonists. Single stranded RNA is

also a known TLR agonist (TLRE in humans and TLRT in mice), whereas double stranded

RNA and poly lC (polyinosinic-polycytidylic acid - a commercial synthetic mimetic of viral

RNA). are exemplary of TLR 3 agonists. 3D-MPL is an example of a TLR4 agonist whilst

CPG ls an example of a TLRS agonist.

The immunogenic composition may comprise an antigen and an immunostimulant

adsorbed onto a metal salt. Aluminium based vaccine formulations wherein the antigen

and the immunostimulant 3-de-O-acylated monophosphoryl lipid A (3D-MPL), are

adsorbed onto the same particle are described in EP 0 576 478 81, EP 0 689 454 81, and
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ratio(ps/w) F. rriPs ratio (w/w)  Y. PS rec(%) Filtr. Yield (%) LAOS -1T045 2/1 2.20/i 57 101
SA08-17046 2/1 2.80/1   SA08-17047 3/1 Gel- Not purified   



EP 0 633 7U 81. ln these cases then antigen is fìrst adsorbed onto the aluminium salt

followed by the adsorption of the immunostimulant 3D-MPL onto the same aluminium salt

particles. Such processes first involve the suspension of 3D-MPL by sonication in a water

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

adsorbed onto aluminium salt for one hour at room temperature under agitation. The 3D-

MPL suspension is then added to the adsorbed antigen and the formulation is incubated

at room temperature for t hour, and then kept at 4oC until use,

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

as described in EP 1126876. The improved process comprises the adsorption of

immunostimulant, onto a metallic salt particle, followed by the adsorption of the antigen

onto another metallic salt particle, followed by the mixing of the discrete metallic particles

to form a vaccine. The adjuvant for use in the present invention may be an adjuvant

composition comprising an immunostimulant, adsorbed onto a metallic salt particle,

characterised in that the metallic salt particle is substantially free of other antigen.

Furthermore, vaccines are provided by the present invention and are characterised in that

the immunostimulant is adsorbed onto particles of metallic salt which are substantially free

from other antigen, and in that the particles of metallic salt which are adsorbed to the

antigen are substantially free of other immunostimulant.

Accordingly, the present invention provides an adjuvant formulation comprising

immunostimulant which has been adsorbed onto a particle of a metallic salt, characterised

in the composition is substantially free of other antigen. Moreover, this adjuvant

formulation can be an intermediate which, if such an adjuvant is used, is required for the

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

a vaccine comprising admixing an adjuvant composition which is one or more

lmmunostimulants adsorbed onto a metal particle with an antigen. Preferably, the antigen

has been pre-adsorbed onto a metallic salt. Said metallic salt may be identical or similar

to the metallic salt which is adsorbed onto the immunostimulant. Preferably the metal salt

is an aluminium salt, for example Aluminium phosphate or Aluminium hydroxide.

The present invention further provides for a vaccine composition comprising

immunostimulant adsorbed onto a first particle of a metallic salt, and antigen adsorbed

onto a metallic salt, characterised in that first and second particles of metallic salt are

separate particles.
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LPS or LOS derivatives or mutations or lipid A derivatives described herein are designed

to be less toxic (e.9. 3D-MPL) than native lipopolysaccharides and are interchangeable

equivalents with respect to any uses of these moieties described herein.

ln one embodiment the adjuvant used for the compositions of the invention comprises a

liposome canier (made by known techniques from a phospholipids (such as dioleoyl

phosphatidyl choline tDOPCI) and optionally a sterol [such as cholesterol]). Such

liposome carriers may carry lipid A derivatives [such as 3D-MPL - see above] and/or

saponins (such as QS21 - see above). ln one embodiment the adjuvant comprises (per

0.5 mL dose) 0.1-10m9,0.2-7,0.3-5, 0.4-2, or 0.S1 mg (e.9. 0.4-0.6, 0.9-1.1, 0.5 or 1 mg)

phospholipid (for instance DOPC), 0.025-2.5,0.05-1.5, 0.075-0.75, 0.1-0.3, or 0.125-0.25

mg (e.9. 0.2-0.3, 0.1-0,15, 0.25 or 0.125 mg) sterol (for instance cholesterol), 5-ô0, 10-50,

or 20-30 pg (e.9, 5-15, 40-50, 10, 20,30, 40 or 50 ¡rg) lipid A derivative (for instance 3D-

MPL), and 5-60, 10-50, or 20-30 pg (e.9. 5-15, 40-50 , 10, 20, 30, 40 or 50 pg) saponin

(for instance OS21).

ln one embodiment the adjuvant used for the compositions of the invention comprises an

oil in water emulslon made from a metabolisable oil (such as squalene), an emulsifier

(such as Tween 80) and optionally a tocol (such as alpha tocopherol). ln one embodiment

the adjuvant comprises (per 0.5 mL dose) 0.5-15, 1-13, 2-11 , 4-8, or 5-6mg (e.9. 2-3, 5-6,

or 10-11 mg) metabolisable oil (such as squalene), 0.1-10, 0.3-8, 0.6-6, 0.9-5, 1-4, or 2-3

mg (e.9. 0.9-1.1 , 2-3 or 4-5 mg) emulsifier (such as Tween 80) and optionally 0.5-20, 1-

15,2-12,4-10,5-7 mg (e.9. 11-13,5-6, or 2-3 mg) tocol (such as alpha tocopherol).

This adjuvant may optionally further comprise 5-60, 10-50, or 20-30 pg (e.9. 5-15, 40-50,

10,20,30, 40 or 50 pg) lipid A derivative (for instance 3D-MPL),

This adjuvant may optionally contain 0.025-2.5,0.05-1.5, 0.075-0.75, 0.1-0.3, or 0.125-

0.25 mg (e.9. 0.2-0.3,0.1-0.15,0.25 or 0.125 mg) sterol (for instance cholesterol),5-60,

10-50, or 20-30 pg (e.9. 5-15,40-50, 10,20,30,40 or 50 pg) lipid A derivative (for

instance 3D-MPL), and 5-60, 10-50, or 20-30 pg (e.9.5-15,40-50, 10,20,30,40 or50

pg) saponin (for instance OS21).
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ln one embodiment the adjuvant used for the compositions of the invention comprises

aluminium phosphate and a lipid A derivative (such as 3D-MPL). This adjuvant may

comprise (per 0.5 mL dose) 100-750, 200-500, or 300-400 pg Al as aluminium phosphate,

and 5€0, 10-50, or 20-30 Fg (e.9. 5-15, 40-50 , 10, 20, 30, 40 or 50 ¡rg) lipid A derivative

(for instance 3D-MPL).

10

The vaccine preparations of the present invention may be used to protect or treat a

mammal susceptible to infection, by means of administering said vaccine via systemic or

mucosal route. These administrations may include injection via the intramuscular,

intraperitoneal, intradermal or subcutaneous routes; or vía mucosal administration to the

oral/alimentary, respiratory, genitourinary tracts. Intranasal administration of vaccines for

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

pneumococci can be more effectively prevented, thus attenuating infection at its earliest

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

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

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

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

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

For coadministration, the optional Th1 adjuvant may be present in any or all of the

different administrations, for example, it may be present in combination with the bacterial

protein component of the vaccine. ln addition to a single route of administration, 2

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

administered lM (or lD) and bacterial proteins may be administered lN (or lD). ln addition,

the vaccines of the invention may be administered lM for priming doses and lN for booster

doses.

The amount of conjugate antigen in each vaccine dose is selected as an amount which

induces an immunoprotective response without significant, adverse side effects ín typical

vaccines. Such amount will vary depending upon which specific immunogen is employed

and how it is presented. Generally, it is expected that each dose will comprise 0.1-100 pg

of polysaccharide, typically 0.1-50 pg ,0.1-10p9, 1-10¡rg or 1-5¡rg for polysaccharide

conjugates.
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The content of protein antigens in the vaccine will typically be in the range 1-100p9, 5-

50pg or 5 - 25p9. Following an initial vaccination, subjects may receive one or several

booster immunizations adequately spaced.

Vaccine preparation is generally described in Vaccine Design ("The subunit and adjuvant

approach" (eds Powell M.F. & Newman M.J.) (1995) Plenum Press New York).

Encapsulation within líposomes is described by Fullerton, US Patent 4,235,877.

10 The vaccines of the present invention rnay be stored in solution or lyophilized. Optionally

the solution is lyophilized in the presence of a sugar such as sucrose, trehalose or

lactose. lt is typical that they are lyophilized and extemporaneously reconstituted prior to

use. Lyophilizing may result in a more stable composition (vaccine).

15

Methods

The invention also encompasses method of making the immunogenic compositions and

vaccines of the invention.

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

Methods of treatment

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

This immunogenic composition or vaccine of the invention is particularly advantageous to
use in cases of elective surgery. Such patients will know the date of surgery in advance

and could be inoculated in advance. Since it is not know whether the patient will be

exposed to S. aureus or S. epidermidis infection, it is preferred to inoculate with a vaccine

of the invention that protects against both, as described above. Typically adults over 16

awaiting elective surgery are treated wíth the immunogenic compositions and vaccines of
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the ínventiôn. Alternatively children aged 3-16 awaiting elective surgery are treated with

the immunogenic compositions and vaccines of the invention.

It is also possible to inoculate health care workers with the vaccine of the invention.

The vaccine preparations of the present invention may be used to protect or treat a

mammal susceptible to infection, by means of administering said vaccine via systemic or

mucosal route. These administrations may include injection via lhe intramuscular,

intraperitoneal, intradermal or subcutaneous routes; or via mucosal administration to the

oral/alimentary, respiratory, genitourinary tracts.

The amount of antigen in each vaccine dose is selected as an amount which induces an

immunoprotective response without significant, adverse side effects in typical vaccines.

Such amount will vary depending upon which specific immunogen is employed and how it

is presented. The protein contentof the vaccine will typically be in the range 1 -100¡19,5-

50¡rg, typically in the range 10 - 25p9. An optimal amount for a particular vaccine can be

ascertained by standard studies involvi¡g observation of appropriate immune responses

in subjects. Following an initial vaccination, subjects may receive one or several booster

immunisations adeq uately spaced.

Although the vaccines of the present invention may be administered by any route,

administration of the described vaccines into the skin (lD) forms one embodiment of the

present invention. Human skin comprises an outer "homy" cuticle, called the stratum

corneum, which overlays the epidermis. Underneath this epidermis is a layer called the

dermis, which in turn overlays the subcutaneous tissue. Researchers have shown that

injection of a vaccine into the skin, and in particular the dermis, stimulates an immune

response, which may also be associated with a number of additional advantages.

lntradermal vaccination with the vaccines described herein forms an optionalfeature of

the present invention.

The conventional technique of intradermal injection, the "mantoux procedure", comprises

steps of cleaning the skin, and then stretching with one hand, and with the bevel of a
narrow gauge needle (26-31gauge) facing upwards the needle is inserted at an angle of

between 10-15o. Once the bevel of the needle is inserted, the barrel of the needle is
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lowered and further advanced whilst providing a slight pressure to elevate it under the

skin. The liquid is then injected very slowly thereby forming a bleb or bump on the skin

surface, followed by slow withdrawal of the needle.

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

across the skin have been described, for example the devices described in WO 99/34850

and EP 1A92444, also the jet injection devices described for example in WO 01113977:

us 5,480,381, US 5,599,302, US 5,3U,144, US 5,993,412, US 5,649,912, US 5,569,199,

us 5,704,911, US 5,393,951, US 5,993,397, US 5,466,220, US 5,339,163, US 5,312,335,

us 5,503,627, US 5,064,413, US 5,520, 639, US 4,596,556, US 4,790,924, US

4,941,880, US 4,940,460, WO 97137705 and WO 97113537. Alternative methods of

intradermal administration of the vaccine preparations may include conventional syringes

and needles, or devices designed for ballistic delivery of solid vaccines (WO 99/27961), or

transdermal patches WO 97148440; WO 98/28037); or applied to the surface of the skin

(transdermal or transcutaneous delivery WO 98i20734 ; WO 98/28037).

When the vaccines of the present invention are to be administered to the skin, or more

specifically into the dermis, the vaccine is in a low liquid volume, particularly a volume of

between about 0.05 mland 0.2 ml.

The content of antigens in the skin or intradermal vaccines of the present invention may

be similar to conventional doses as found in intramuscular vaccines (see above).

However, it is a feature of skin or intradermal vaccines that the formulations may be "low

dose". Accordingly the protein antigens in "low dose" vaccines are optíonally present in as

little as 0.1 to 10p9, optionally 0.1 to 5 pg per dose; and the polysaccharide (optionally

conjugated) antigens may be present in the range of 0,01-1p9, and optionally between

0.01 to 0.5 pg of polysaccharide per dose.

As used herein, the term "intradermal delivery" means delivery of the vaccine to the region

of the dermis in the skin. However, the vaccine will not necessarily be located exclusively

in the dermis. The dermis is the layer in the skin located between about 1.0 and about 2.0

mm from the surface in human skin, but there is a certain amount of variation between

individuals and in different parts of the body. ln general, it can be expected to reach the

dermis by going 1.5 mm below the surface of the skin. The dermis is located between the

stratum corneum and the epidermis at the surface and the subcutaneous layer below.
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Depending on the mode of delivery, the vaccine may ultimately be located solely or

primarily within the dermis, or it may ultimately be distributed within the epidermis and the

dermis.

An embodiment of the invention is a method of preventing or treating staphylococcal

infection or disease comprising the step of administering the immunogenic composition or
vaccine of the invention to a patient in need thereof.

A further embodiment of the invention is a use of the ímmunogenic composition of the

invention in the manufacture of a vaccine for treatment or prevention of staphylococcal

infection or disease, optionally post-surgery staphylococcal infection.

The term 'staphylococcal infection' encompasses infection caused by S. aureus and/or S.

epidermidis and other staphylococcal strains capable of causing infection in a

mammalina, optionally human host.

The terms "comprising", "comprise" and "comprises" herein are intended by the inventors

to be optionally substitutable with the terms "consisting of', "consist of' and "consists of',

respectively, in every instance.

All references or patent applications cited within this patent specification are incorporated

by reference herein,

ln order that this invention may be better understood, the following examples are set forth.

These examples are for purposes of illustration only, and are not to be construed as limiting

the scope of the invention in any manner.
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Examples

Example 1 Construction of Plasmid to Express Recombínant proteins

A: Clonino.

Appropriate restriction sites engineered into oligonucleotides specific for the

staphylococcal gene permitted directional cloning of the PCR product into the E coli

expression plasmid pET24d or pQE-30 such that a protein could be expressed as a fusion

protein containing a (His)6 affinity chromatography tag at the N- or C-terminus.

The primers used were:

Alpha toxin 5'-CGCGGATCCGCAGATTCTGATATTAATATTAAAvAC-3' and

5'C CCAAGCTTTTAATTTGTCATTTCTTCTTTTTC,3'

EbpS 5'-CGCGGATCCGCTGGGTCTMTAATTTTAAAGATG-3' and

s'CCCAAG CTTTTATG GAATAAC GATTTGTTG-3'

ClfA 5'-CGCGGATCCAGTGAAAATAGTGTTACGCAATC-3' and

5'CCCAAG CTTTTACTCTG GAATTG GTTCMTTTC.3'

FnbpA 5'-CGCGGATCCACACAAACAACTGCAACTAACG-3' and

5' CCCAAG CTTTTATG CTTTGTGATTCTTTTTCAA¿ACa'

Sbi 5'-CGCGGATCCAACACGCAACAAACTTC-3' and

5'G GAACTG CAGTTATTTCCAGMTGATAATAAATTAC-3I

SdrC 5'-CGCGGATCCGCAGAACATACGMTGGAG-3' and

5'CCCAAG CTTTTATGTTTCTTCTTCGTAGTAGC-3'

SdrG 5'-CGCGGATCCGAGGAGAATTCAGTACAAG-3' and

5' CC CAAG CTTTTATTCGTCATCATAGTATC CG-3'

Ebh 5'-AAAAGTACTCACCACCACCACCACC-3' and

5' AAAAGTACTCACTTGATTCATCG CTTCAG-3'

Aaa 5'-GCGCGCCATGGCACAAGCTTCTACACAACATAC-3' and

5'G C G CG CTCGAGATGGATGAATG CATAG CTAGA.3'

lsaA S'-GCATCCATGGCACCATCACCATCACCACGAAGTAAACGTTGATCAAGC-3'

and 5'-AGCACTCGAGTTAGAATCCCCAAGCACCTAAACC.3'

HarA 5'-GCACCCATGGCAGAAAA'TACAAATACTTC-3' and

5'TTTTCTCGAG CATTTTAGATTGACTAAGTTG- 3'

Autolysin glucosaminidase 5'-CAAGTCCCATGGCTGAGACGACACMGATCMC-3'

and S,-CAGTCTCGAGTTTTACAGCTGTTTTTG GTTG.3'
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Autolysin amidase 5'-AGCTCATATGGCTTATACTGTTACTAAACC-3' and

5'GCGCCTCGAGTTTATATTGTGGGATGTCG.3'

lsdA 5'-CAAGTCCCATGGCAACAGMGCTACGAACGCAAC-3' and

5'ACCAGTCTCGAGTMTTCTTTAG CTTTAGAG CTTG- 3'

lsdB 5'-TATTCTCGAGGCTTTGAGTGTGTCCATCATTTG-3' and 5'

GAAGCCATGGCAG CAG CTGMG AAACAG GTG G-3'

MRPII 5'-GATTACACCATGGTTAMCCTCMGCGAA,A-3' and

SAGGTGTCTCGAGTGCGATTGTAGCTTCATT-3'

The PCR products were first introduced into the pGEM-T cloning vector (Novagen) using

Top10 bacterial cells, according to the manufacturer's instructions. This intermediate

construct was made to facilitate further clorring into an expression vector. Transformants

containing the DNA insert were selected by restriction enzyme analysis. Following

digestion, a -20¡rl aliquot of the reaction was analyzed by agarose gel electrophoresis

(0.8 yo agarose in a Tris-acetate-EDTA (TAE) buffer). DNA fragments were visualized by

UV illumination after gel electrophoresis and ethidium bromide staining. A DNA molecular

size standard (1 Kb ladder, Life Technologies) was electrophoresed in parallel with the

test samples and was used to estimate the size of the DNA fragments. Plasmid purified

from selected transformants for each cloning was then sequentially digested to completion

with appropriate restriction enzymes as recommended by the manufacturer (Life

Technologies). The digested DNA fragment was then purified using silica gel-based spin

columns prior to ligation with the pET24d or pQE-30 plasmid. Cloning of Ebh (H2

fragment), AaA, lsdA, lsdB, HarA, Atl-amidase, Atl-glucosamine, MRP|l, lsaA was carried

out using the pET24d plasmid and cloning of ClfA, SdrC, SdrE, FnbpA, SdrG/Fbe, alpha

toxin and Sbiwere carried out using the pQE-30 plasmid.

B: Production of expression vector.

To preparê the expression plasmid pET24d or pQE-30 for ligation, it was similarly

digested to completion with appropriate restriction enzymes. An approximately S-fold

molar excess of the digested fragments to the prepared vector was used to program the

ligation reaction. A standard -20 ¡tl 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 trl) was used to transform M1S(pREP4) or

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

a -2-3 hour outgrowth period at 37"C in -1.0 ml of LB broth, transforrned cells were
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plated on LB agar plates containing ampicillin (100 pg/ml) and/or kanamycin (30p9/ml).

Antibiotics were included in the selection. Plates were incubated overnight at 37"C for -16
hours. lndividual ApR/KanR colonies were picked with sterile toothpicks and used to

"patch" inoculate fresh LB ApRi/KanR plates as well as a -1.0 ml LB Ap/ Kan broth culture.

Both the patch plates and the broth culture were incubated overnight at 37"C in either a

standard incubator (plates) or a shaking water bath. A whole cell-based PCR analysis was

employed to verify that transformants contained the DNA insert. Here, the -1.0 ml

overnight LB Ap/Kan broth culture was transferred to a 1.5 ml polypropylene tube and the

cells collected by centrifugation in a Beckmann microcentrifuge (-3 min., room

temperature, -12,000 X g). The cell pellet was suspended in -200¡tl of sterile water and a

-10¡rl aliquot used to program a -SOplfinal volume PCR reaction containing both forward

and reverse amplification primers. The initial 95"C denaturation step was increased to 3

minutes to ensure thermal disruption of the bacterial cells and liberation of plasmid DNA.

An ABI Model 9700 thermal cycler and a32 cycle, three-step thermal amplification profile,

i.e. 95"C, 45sec; 55-58'C, 45sec, 72'C, 1min., were used to amplify the BASB203

fragment from the lysed transformant samples, Following thermal amplification, a -20¡rl

aliquot of the reaction was analyzed by agarose gel electrophoresis (0.8 % agarose in a

Tris-acetate-EDTA (TAE) buffer). DNA fragments were visualised by UV illumination after

gel electrophoresis and ethidium bromide staining. A DNA molecular size standard (1 Kb

ladder, Life Technologies) was electrophoresed in parallel with the test samples and was

used to estimate the size of the PCR products. Transformants that produced the

expected size PCR product were identified as strains containing a protein expression

construct. Expression plasmld containing strains were then analyzed for the inducible

expression of recombinant protein.

C: Expression Analvsis of PCR-Positive Transformants.

An aliquot of the overnight seed culture (-1.0 ml) was inoculated into a 125 ml erlenmeyer

flask contaíning -25 ml of LB Ap/Kan broth and was grown at 37 "C with shaking (-250

rpm) until the culture turbidity reached 0.0.600 of -0.5, i.e. mid-log phase (usually about

1.5 - 2,0 hours). At this time approximately half of the culture (-12.5 ml) was transferred

to a second 125 ml 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.

lncubation of both the IPTG-induced and non-induced cultures continued for an additional

-4 hours at 37 "C with shaking. Samples (-1.0 ml) of both induced and non-induced

cultures were removed after the induction period and the cells collected by centrifugation
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in a microcentrifuge at room temperature for -3 minutes. lndividual cell pellets were

suspended in -50p1 of sterile water, then mixed with an equal volume of 2X Laemelli

SDS-PAGE sample buffer containing 2-mercaptoethanol, and placed in boiling water bath

for -3 min to denature protein. Equal volumes (-15¡tl) of both the crude IPTG-induced

and the non-induced cell lysates were loaded onto duplicate 12o/o Tris/glycine

polyacrylamide gel (1 mm thick Mini-gels, Novex). The induced and non-induced lysate

samples were electrophoresed together with prestained molecular weight markers

(SeeBlue, Novex) under conventional conditions using a standard SDS/Tris/glycine

running buffer (BioRad). Following electrophores¡s, one gel was stained with commassie

brilliant blue R250 (BioRad) and then destained to visualize novel IPTG-inducible

protein(s) .The second gelwas electroblotted onto a PVDF membrane (0.45 micron pore

size, Novex) for -2 hrs at 4 'C using a BioRad Mini-Protean ll blotting apparatus and

Towbin's methanol (20 Yo) transfer buffer. Blocking of the membrane and antibody

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

anti-RGS (His)3 antibody, followed by a second rabbit anti-mouse antibody conjugated to

HRP (QiaGen), were used to confirm the expression and identity of the recombinant

protein. Visualization of the anti-His antibody reactive pattem was achieved using either

an ABT insoluble substrate or using Hyperfilm with the Amersham ECL

chemiluminescence system.

Example 2: Production of Recombinant Proteln

Bacterialstrain

A recombinant expression strain of E. coli M15(pREP4) containing a plasmid (pQE30) or

BL2l::DE3 containing plasmid pET24d encoding staphylococcal protein was used to

produce cell mass for purification of recombinant protein.

Media

The fermentation medium used for the production of recombinant protein consisted of 2X

YT broth (Difco) containing 1OO¡rg/ml Ap and/or 30 pg/ml Km. Antifoam was added to

medium for the fermentor at 0.25 ml/L (Antifoam 2Q4, Sigma). To induce expression of the

recombinant protein, IPTG (lsopropyl ß-D-Thiogalactopyranoside) was added to the

fermentor (1 mM, final).

10

15

20

25

30

Production of recombinant proteins

62

SA08-17059    58       



Under native conditions

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

additional hours. The culture was then centrifuged at 6,000 rpm for 10 minutes and the

pellet was resuspended in phosphate buffer (50mM }<2HPO4, KH2PO4 pH 7) including a

protease inhibior cocktail. This sample was subjected to French pressure lysis using 1500

bar pressure (2 runs), After centrifugation for 30 minutes at 15,000 rpm, the supernatant

was reseryed for further purification and NaCl was added to 0.5M. The sample was then

loaded on a NI-NTA resin (XK 16 column Pharmacia, Ni-NTA resin Qiagen) conditioned in

50mM KâHPO4, KH2PO4 pH 7. After loading the sample, the column was washed with

BufferA (0.2M NaH2PO4 pH7, 0.3M NaCl, 10% glycerol). To elute bound protein, a step

gradient ws used where different proportions of buffer B (0.2M NaH2PO4 pH7, 0.3M

NaCl, 10% glycerol and 200mM imidazole) were added to buffer A. The proportion of

buffer B was gradually increased from 10% to 100%. After purification, eluted fraction

containing the protein were pooled. concentrated and dialysed against 0.002M

KH?PO4|!<2HPO4 pH7, 0. 1 5M NaCl.

This method was used to purify ClfA, SdrG, lsdA, lsaB, HarA, Atl-glucosamine and alpha

toxin.

Under denaturinq conditions

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

additional hours. The culture was then centrifuged at 6,000 rpm for 10 mintes and the

pellet was resuspended in phosphate buffer (50mM K2HPO4, KHZPO4 pH 7) including a

protease inhibior cocktail. This sample was subjected to French pressure lysis using 1500

bar pressure ( 2 runs). After centrifugation for 30 minutes at 15,000 rpm, the pellet was

washed with phosphate buffer including 1M urea. The sample was centrifuged for 30 mins

at 15000rpm and the pelletwas 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 N|-NTA resin (XK 16 column Pharmacia, N|-NTA resin

Qiagen) conditioned in 8M urea,0.1M NaH2PO4,0.5M NaCl,0.01M Tris-Hcl pH8. After

passsage of the flowthrough, the column was washed succesively with buffer A (8M Urea,

0.1MNaH2PO4, 0,5M NaCl, 0.01M Tris, pH 8.0), buffer C (8M Urea,0,1MNaH2PO4,0.5M

NaCl, 0.01M Tris, pH 6.3), buffer D (8M Urea, 0.1MNaH2PO4, 0.5M NaCl, 0.01M Tris, pH
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5.9) and buffer E (8M Urea,0.1MNaH2PO4,0.5M NaCl,0.01M Tris, pH 4.5). The

recombinant protein was eluted from the column during washes with buffer D and E. The

denatured, recombinant protein could be solubilized in a solution devoid of urea. For this

purpose, denatured protein contained in 8M urea was successively dialyzed against 4M

urea, 0.1MNa2PO4,0.01M Tris-HCl, pH7.1, 2M urea, 0.1 M NaH2PO4, 0.01M Tris-HCl,

pH7.1, 0.5M arginine and 0.002M KH2PO4|!<2HPO4 pH7.1, 0.15M NaCl, 0.5M arginine.

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

and lsaA.

The purified proteins were analysed by SDS-PAGE. The results for one protein purified

under native conditions (alpha toxin) and one proteín purified under denaturing conditions

(SdrC) are shown in Figures 3 and 4.

Example 3 Preparation of S. aureus Gapsular Polysaccharide Gonjugates using
CDAP

Activation and coupling chemistry for native PS8 uslng GDAP:

SAOS.TTO04

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

10 mg of native polysaccharide were dissolved to obtain a final PS concentration of 2,5

mg/mlin 0.2M NaCl. The solution was then adjusted to pH 6.0+/-0.2 before the activation

step.

At time 0, 50 pl of a CDAP solution (100 mg/mlfreshly prepared in acetonitrileMFl, 50/50)

were added manually to reach the appropriate CDAP/PS (0.5/1) ratio.

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

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

addition.

At time 4.5 minutes, 1.5 ml of TT (10 mg/ml in 0.2M NaCl) was added to reach the

appropriate Protein/PS ratio (1.5/1); pH was immediately adjusted to coupling pH 9.00+Ë

0.05. The solution is left for one hour under manual pH regulation,

10

15

20

25

30

35

64

* TNI38 assay Removal of the 0-acetyl groups resulted in an increased availability of reactive
carboxylic groups. Indeed, the derivatization level of a PS having only 12% of 0-acetyl groups
was  2.5-fold superior to the one having 78% of 0-acetyl groups. Coupling was done as shown
previously for a untreated PS Table 10 Conjugate 0-acetyl level Coupling [PS-AH] (ng/itil) (TI]
(Inghnl) [EDAC] (mg/mg PS) 5A08-1-1056 



After lhe coupl¡ng step, 0.5 ml of 2M glycine (ratio gly/PS (w/w): 7.511) were added; pH

was immediately adjusted to 9.00+i-0.05. The solution was left for 30 minutes under

manual pH regulation. Then the conjugate was clarified using a 5 pm Minisart filter and

injected on Sephacryl S400HR (XK16/100). The flow-rate was fixed at 30 ml/h, using

150mM NaCl.

The elution fractions were analysed by resorcinol and by ¡rBCA. lnteresting fractions were

pooled and filtered on 0.22 pm Sterivex.

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

and Lowry assays.

Example 4 Preparation of S. aureus Gapsular Polysaccharlde Gonjugates using
CDAP on sized polysaccharides

Actlvatlon and coupllng chemistry for sized PS8 using CDAP

PS is weighted on the basis oÍ 10o/o theoretical moisture content. 2 g of native, humid PS

was dissolved overnight in WFI at an initial concentration of 10 mg/ml. Before the sizing,

the solution of native PS was clarified on 5 pm cut-off filter.

A EMULSIFLEX C-50 homogenizer apparatus, in which the homogenizing cell was

replaced with a Microfluidics F20Y-0.75¡tm interaction chamber, was used to reduce the

molecular weight and the viscosity of the polysaccharide before the activation step

The size reduction was realized at 10000 psi during the 10 first cycles and then at 15000

psi for the following 60 cycles. The progress of the size reduction was followed in-process

by measuring viscosity. The sizing was stopped after 70 cycles when the target of 2.74 t
0.2 cp was reached.

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

50 mg of sized polysaccharide I were diluted to obtain a final PS concentration of 5 mg/ml

in 0.2M NaCl.

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

50/50) were added manually to reach the appropriate CDAP/PS (0.7511) ratio.

After 1 minute the pH was raised to pH 9.00+/-0.05 by addition of 0.5M NaOH.
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35 45 min 2.87 5.74 0.5 5A08-TT05712 30 min 2,62 5,24 0.5 SA08-17058 78 50 min 3.16
6.32 0.5 5A08-11'059 58I40 rnin 2,53  0.5  



At time 2.5 minutes, 10 ml of TT at 10 mg/ml in 0.2M NaCl were added to reach the

appropriate Protein/PS ralio (211); pH was immediately adjusted to coupling pH 9.00+/-

0.05. The solution was left for 55 minutes under manual pH regulation.

After the coupling step, 2.5 ml of 2M glycine (ratio gly/PS (w/w): 7.511)-were added; pH

was immediately adjusted to 9,00+/-0.05 by the regulator. The solution was left for 30

minutes under manual pH regulation.

Then the conjugate was clarified using a 5pm Minisart filter and injected on Sephacryl

S400HR (XK26/100). The flow-rate was fixed at 60 ml/h,

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

fractions were pooled and filtered on0.22 pm Millipack2O.

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

Example 5 Preparation of S. aureus Gapsular Polysaccharide Gonjugates using
EDAC

Actlvatlon and coupling chemistry using EDAG:

S. aurcus caosular polvsaccharide tvpe 8-TT coniuoate:

PS derivatization

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

30 mg of native polysaccharide were diluted to obtain a final polysaccharide concentration

of 5 mg/ml in water. The solution was adjusted to pH 4.5-5.0 with 0.5N HCI and then 66
pg of ADH were added (2.2mglmg PS). After complete dissolution, 60 mg of EDAC were
added (2 mg/mg PS). After 70 min the pH was raised to pH 7.5 with 1N NaOH to stop the
reaction. Free ADH was removed by purification on Sephacryl 5100HR (XK 16/40). The
flow-rate was fixed at 60 mf/h using 0,2 M NaCl as elution buffer. A size reduction was
done by sonication of 15 min allowing a sterile filtration on millex filter (0.22 pm).

Couoling

Tetanus toxoid was added to 5 to 10 mg of derivatized polysaccharide in 0,2M NaCl and

the pH was adjusted to pH 5,0 or pH 6.0 by addition of 0.5N HCl. EDAC was dissolved in

0.1M Tris buffer pH 7.5 and then added over a period of 10 min (1/5 vol each 2 min).

According to the conditions used (see Table 6), the reactíon was stopped after between

30 and 180 minutes by addition of 1M Tris-HCl pH 7.5. Prior to purification on Sephacryl
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10 Table 11  Conjugate In. TT/P5 F. TT/P5 retie V. PS Filtr. Yield  ratio(kv/w) (bv/w) nee (%)
(%) 5A08-TT056 2/1 1.70/1 51.3 100 SA08-17057 2/1 1.78/1 63,0 



S400HR, the conjugate was clarified usíng a 5¡rm Minisart filter. Alternatively, the

conjugate was clarified by a 5 minute sonication step. The conjugate was then injected on

Sephacryl S400HR (XK16/100). The flow-rate was fixed at 30 ml/h using I 50 mM NaCl as

elution buffer. The elution poolwas selected on the basis of resorcinol and ¡rBCA profiles

(which measure polysaccharide and protein dosage respectively). The conjugate was

filtered on a 0.22 pm sterilizing membrane (Millipack 20) at 10 mUmin.

Table 5

Conjugote

sA08-TT011

sA08-TT015*

Couplíng

time

sA08-TT017

10 Table 5: * coupling done at pH 6.0

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

Table 6

sA08-tt018

40 min

lPs (AH)I
(mglml)

180 min

30 mín

3.58

50 min

trr (AH)
(mg/ml)

Conjugote

2

3.75

SA08-TT011

6.45

3.75

sA08-TT015

[reogent
(mglnrg

4.0

sAoS-TT017

In. TT/PS
rotio(w/w)

15

7.5

sA08-TT018

EÞACl

Ps)

7.5

o.5/t

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

PS derivatization

67

2/t

o.25/t

20

F. TT/PS rqtfo
(w/w\

2/t

0.?5/t

2/t

0.10/t

?/t

2.43/t

2.40/t

y. Ps
rec (U

2.4t/t

2.40/t

Fíltr. Yield
(u

48

53

44

99

42

104

to7

10ó

105.4 SA08-17058 2/1 2.08/1 46.3 99.6 5A08-TT0592/1 1.86/1 I50.8 99.2     Example 7
Conjugation of dPNAG 5 Activation and coupling of dPNAG: dPNAG-TT conjggates 10 The
following conjugates were produced using the approaches described herebeiow:
dPNAG-17010: dPNAG-S-GMBS OTT treated TT-I. C-SPDP dPNAG-TT011:
dPNAG-S-GMBS OTT treated TT-LC-SPDP 15 ciPNAG-TT012: dPNAG-S-GMBS + OTT
treated Tf-SPDP dPNAG-TT014: dPNAG-SPDP OTT treated IT-SPDP dPNAG-T1017:DTT
treated dPNAG-SPOP TT-LC-SPDP dPNAG-TT019: dPNAG-S-GMBS OTT treated TT-SPDP
dPNAG-TT020: dPNAG-S-GMBS +OTT treated TT-SPDP 20 dPNAG 1 g of PNAG was
dissolved in 5N HO at a concentration of 20mg/ml and was incubated for 1 hour, lt was then
neutralized with 5N NaOH. The solution was clarified on a 5pm membrane and purified on
Sephacryi S400HR. Interesting fractions, corresponding to the "medium molecular size" (see
Infection and Immunity, 70: 4433-4440 (2002)), were pooled and concentrated prior to
de-Nace.tylation treatment.  The solution was adjusted at 1M NaOH and left 24 hours at 37C.
After neutralization, the product was subjected to dialysis and concentration. dPNAG
Activation 



Activation and coupling are performed at room temperature under continuous stirring.
200 mg of sized polysaccharide are diluted to obtain a final PS concentration of 10 mg/ml
in water. Then 440 mg of ADH were added (2.2 mglmg PS), The solution was adjusted to
pH 4.7 with 1N HCI before the addition of 400 mg of EDAC (2 mg/mg PS). After 60 min
the pH was raised to pH 7.5 with 5M NaOH to stop the reaction. The mixture was
concentrated on Amicon Ultra (cut-off 10.000 MWCO). Prior to purification on Sephacryl
S200HR (XK16/100), the conjugate was clarified using a 5pm Minisart filter. The flow-rate
was fixed at 30 ml/h using 0.150 M NaCl as elution buffer.

Couplino

100 mg of TT was added to 50 mg of derivatized polysaccharide in 0.2M NaCl. The pH
was adjusted to pH 5.0 t 0.02 by addition of 0.3N HCl. EDAC was dissolvedd in 0.1M Tris
buffer pH 7.5 and then added over a period of 10 min (1/10 vol each minute). According to
the conditions used (see Table 8), the reaction was stopped after between 30 and 180
minutes by addition of 1M Tris-HCl pH 7.5. Prior to purification on Sephacryl S400HR, the
conjugate was clarified using a Spm Minisart filter. The conjugate was then ínjected on
Sephacryl S400HR (XK50/100). The flow-rate was fixed at 60 ml/h using 150 mM NaCl as
elution buffer. The elution pool was selected on the basis of resorcinol and ¡rBCA profiles
(which measure polysaccharide and protein dosage respectively). Then, the conjugate
was filtered on a0.22 pm sterilizing membrane (Millipack 20) at 10 ml/min.

Table 7

10

15

20

25

Conjugote

sA08-TTO+5

sA08-TTO4ó

sA08-TTO|7

Coupling

time

sA08-TTO48

ó5 min

5A08-TT(X9'
* EDAC odded ín'one time"

Table B

lPs-AHl
(mglml)

45 min

30 min

120 min

3.83

rm
(mglml)

50 min

3.75

5.0

7.66

5.0

IEDÁCl
(m9lm9 PS)

7.5

5.0

15.0

10.0

0.1

10.0

0, 2

0.2

68

0.05

0.1

S-GMBS (N-(y-Maleimidobutyryloxy) sulfosuccinimide. Pierce) was added to dPNAG in 0.2M
NaCi (ratio S-GMBS/PS (w/w):1/1) and incubated during 2h at room temperature at pH 7.0
(pH regulation using 1M NaOH). Excess GMBS and by-products were removed by purification
on Toyopearl HW-40F using PBS, 10 10mM EDTA, 50 mM NaCI pH 7.2 as elution buffer with
a flow-rate fixed at 60 ml/h. The elution pool was selected in function of the optical density
(UV=206 nm) and then concentrated on Vivaspin tubes 3,000 MWCO or Arnicon Ultra 10,000
MWCO, 15 Coupling GMBS-activated dPNAG and DTT reduced TT-SPDP were mixed and
stirred at room temperature. According to the conditions used the reaction was quenched after
20-120 min by the addition of cysteine (4 mgIrril in Na phosphate buffer pH 20 8.0) for 30
minutes, The conjugate was clarified on 5 pm filter and injected on Sephacryl S300HR resin
(XK16/100) for purification. Elution was realized in 200 mM NaCI with a flow-rate fixed at 30
ml/h. The elution fractions were analysed by hensamine and by protein dosage. Interesting
fractions were pooled and filtered on 0.22 pn Sterivex. The final conjugate was tested for
polysaccharide 25 (hexosamine dosage) and protein composition (Lowry dosage). Table 12
ConjugateN-acetylation WPNA6]   PS scale Coupl.time  level eng/m1 mg/m1 (mg) (min)
dPNAG-TT 010  



Conjugote

sA08-TT045

5A08-TTO4ó

In. TT/PS
rotio(w/w)

sÁ08-TT047

sÁ08-TTB+8

sA08-TTO,'I9

2/t

F. TT/PS rotio
(w/w)

2/t

Example 6 Preparatlon of S. aureus Capsular Polysaccharlde Gonjr¡gates using
EDAC on de-O-acetylated S. aureus polysaccharide 8

De-O-acetvlation

0.1N NaOH was added to 16 ml of sized PS (10 mg/ml) to target a final PS
concentration of g mgiml and a final NaOH concentration of 0.1N. After a

treatment of 1 or 2 h at 37'C, the PS had a level of O-acetylation of 35 and 12%
(Hestrin dosage) respectively in comparison to the untreated PS.
0.1N NaOH was added to 19 ml of sized PS (10 mg/ml) to target a final PS
concentration of 9.5 mg/ml and a final NaOH concentration of 0.05N. After a
treatment of 1 or 2 h at 37'C, PS had a level of O-acetylation of 78 and 58%
(Hestrin dosage) respectively in comparison to the untreated PS.

3/t

2/t

2.?O/t

10

2/t

2.80/t

6el- Not purifíed

v. Ps
rec (7")

3.35

57

Fillr. Yield
(%)

15

3. 5

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

20 Table 9
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10* 15 -15 30  120  dPNAG--17 011  12  2420 120  dPNAG- Tr 012 10' 17,5 35 22 80
dPNA6-77 019  34   10 10  20 dPNAG-TT 020  



Conjugote

sA08-TT05ó

5A08-TT057

O-ocetyl
level

%

sA08-TT058

sA08-rr059
+ TNBS assay

Removal of the O-acetyl groups resulted in an increased availability of reactive carboxylic
groups. f ndeed, the derivatization level of a PS having only 12o/o of O-acetyl groups was t
2.5-'îold superior to the one having 78o/o oÍ O-acetyl groups.

Coupling was done as shown previously for a untreated PS

Table 10

35

ADH/PS w/w*

%

12

78

58

9.3

13.1

Conjugofe

5.3

8.2

sA08-TT05ó

sA08-TT057

O-ocetyl
level

I"

sA08-TT058

10

sA08-TT059

Couplíng

lime

Table 11

35

t2

[Ps-AH]
(tnglml)

78

45 mín

58

30 min

ITT]
(mglml)

50 mín

2.87

40 min

?.62

tEDAcl

(mglmg PS)

3.1ó

5.74

?.53

5.24

6.32

0.5

5

0.5

0.5

0,5
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34 2 2  10  20  '1.4ot done on the lot used in the conjugation but esti teci on a previous lot by
NMR using the some de-N-acetyktion method, 5 dPNAG-SPDP: A 5-fold molar excess of
SPDP (N-Succinirnidy1-3-(2-Pyridyidithio) Propionate, MW: 312.4, Pierce) dissolved in DM80
(dimethyisuifoxid, Merck) was added to 100 mg of dPNAG at 5mgirni in 100 rnM Na
phosphate, pH 7.2) and incubated 1 h at room 10 temperature. Before purification on
Sephacryi SlOOHR (XK16/40) the reaction mixture was concentrated to -1.- 6 ml on Amicon
Ultra 10,000 IMWCO (centrifugation at 3000 rpm during 28 min). Elution was realized in
phosphate buffer pH 7.4with a flow-rate fixed at 60 mith. The interesting fractions (read at 206
rim) were pooled and concentrated to 1,1 ml on Amicon Ultra 10,000 MVVCO (centrifugation
at 3000 rpm during 30 min). 15 TT-SPDP: A 15-fold molar excess of SPDP (Pierce) dissolved
in DMSO (dirrethylsultexid, Merck) was added to 1 g of TT (50 mg/m1) in 100 RIM Na
phosphate, pH 7.2 and incubated 80 20 min at room temperature. Then the product was
injected on Sephacryl 51001-IR (M16140) and eluted in 100 milel Na acetate pH 5.6, 100 mM
NaCI, lrnM EDTA with a flow-rate fixed at 60 mint The elution pool was selected in function of
the optical density (LIV;z230nm)  and then concentrated to 19.6 ml on Amicon Ultra 10,000
MWCO (centrifugation. at 3000 rpm during 75 min).     TT-LC-SPDP was produced as
TT-SPDP but using LC-SPDP (Succinimidyi 643-(2- 5pyridyldithio)-propionamidoittexanciate,
Pierce) and an incubation time of 60 min. TT-SH or TT-LC-SH DT T was added to TT-SPDP
or TT-LC-SPOP in a 01711T ratio (mg/mg) of 0.7/1. After 2h 



Conjugote

sA08-:tT05ó

sA08-TTO57

In. TT/PS
rotio(w/w)

sA08-TTO58

sA08-TTO59

Example 7 Gonjugation of dPNAG

5 Actlvation and coupling of dPNAG:

2/L

F. TTIPS rotio
(wlw)

2/t

?/t

dPNAG-TT coniugates

The following conjugates were produced using the approaches described

herebelow:

dPNAG-TTO10: dPNAG-S-GMBS + DTT treated TT-LC-SPDP

dPNAG-TT011: dPNAG-S-GMBS + DTT treated TT-LC-SPDP

dPNAG.TTOI2: dPNAG-S.GMBS + DTT treated TT-SPDP

dPNAG-TT014: dPNAG-SPDP + DTT treated TT-SPDP

dPNAG.TTOI 7:DTT trEAtEd dPNAG-SPDP + TT-LC-SPDP

dPNAG-TTO19: dPNAG-S-GMBS + DTT treated TT-SPDP

dPNAG-fiO2O: dPNAG-S-GMBS +DTT treated TT-SPDP

dPNAG

19 of PNAG was dissolved in 5N HCI at a concentration of 2Omg/ml and was

incubated for t hour. lt was then neutralized with 5N NaOH. The solution was

clarified on a S¡rm membrane and purified on Sephacryl S400HR. lnteresting

fractions, corresponding to the "medium molecular size" (see lnfection and

lmmunity, 70: 4433-4440 (2002)), were pooled and concentrated prior to de-N-

acetylation treatment.
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10

?/t

t.70/t

t.78/L

y. Ps
?ec ('1")

?.08/1

t.E6/l

51.3

15

Filtr. Yield
(%)

63.0

46.3

100

50.8

105.4

20

99.6

99.?

10 at room temperature, the release of pyridinei-2-thione was followed by its characteristic
absorbance at 343 nm. The thiolated protein was purified from excess OTT by gel filtration
(PD-10, Arnersham), After concentration on Amicon lite 10,000 MWCO, protein content was
estimated by Lowry dosage. 15 cIPNAG-SPDP TT-3H or TT-LC-SH (dPNAG-TT014 and 016)
Coupling was performed at room temperature under continuous stirring and with an initial
TT/PS ratio (w/w) of 2/1.    dPNAG and TT-SH were mixed in order to obtain final PS
concentration of 20 mg/ml 20and a final protein concentration of 40 mg/mi. After 30 min,
unreacted suffhydryI groups were quenched by addition of 2-lecloacetamide (Merck). dPNAG
and TT-LC-SH was mixed in order to obtain a final PS concentration of 10 mg/m1 and a final
protein concentration of 20 mg/rd. After 75 min, unreacted sulfhydryl groups were quenched
by addition of 2-lodoacetamide (Merck). 25Then the conjugate is clarified using a 6 pm
Minisart filter and injected on Sephacryl 3300HR (Xk.16/100), Elution was realized in 200 rnM
NaCi with a flow-rate fixed at 30 ml/h. The elution fractions were analysed by hexosamine and
by protein dosage. Interesting fractions were pooled and filtered on 0.22 pm Sterivex. 30 The
resulting conjugates have a final TT/PS ratio (wtw) of 2.18 (TT-SH) and 2.24 SH). 35
Thiolation of dPNAG   11.6 mg of DTT (1, 4-Dithiothreitol. Boerhinger Mannheim, MW:
154.24) were added to 16,5 mg of dPNAG-SPDP. After 2 h at room temperature, the release
of pyridine-2-thione was foiiowed by its characteristic absorbance at 343 nm. The thiolated PS
was purified from excess OTT by gel filtration (Toyopearl HW40F) and then concentrated to
860 pl on Amicon Ultra 10,000 MWCO, dPNAG-SH 4- TT-SPDP (dPNAG-170171
Coupling was performed at room temperature under continuous stirring and with an initial
10fl/PS ratio (w/w) of 1.711, dPNAG-SH and TT-SPDP were mixed in order to obtain a final
PS concentration of 7.73 moiml and a final protein concentration of 13.3 mg/mi. After 90 min,
unraacted sulfhydryl groups were quenched by addition of 2-lodoacetamide (Merck),   Then
the conjugate was clarified using a 5 pm Minisart filter and injected on Sephacryi 15S300HR
(Xl<161100). Elution was realized in 200 rntvl Nadi with a flow-rate fixed at 30 ml/h. The
elution fractions are analysed by hexosamine and by protein dosage. interesting fractions
were pooled and filtered on 0.22 j.tm Sterivex, The resulting conjugate has a final TT/PS ratio
(w/w) of 2.74. 



The solution was adjusted at 1M NaOH and left 24 hours at 37"C. After

neutralization, the product was subjected to dialysis and concentration.

dPNAG Activation

S-GMBS (N-(y-Maleimidobutyryloxy) sulfosuccinimide, Pierce) was added to

dPNAG in 0.2M NaCl (ratio S-GMBS/PS (w/w):1/1) and incubated during 2h at

room temperature at pH 7.0 (pH regulation using 1M NaOH). Excess GMBS and

by-products were removed by purification on Toyopearl HW40F using PBS,

10mM EDTA, 50 mM NaCl pH 7.2 as elution buffer with a flow-rate fixed at 60

ml/h. The elution pool was selected in function of the optical density (UV=206 nm)

and then concentrated on Vivaspin tubes 3,000 MWCO or Amicon Ultra 10,000

MWCO.

10

15 Couplinq

GMBS-activated dPNAG and DTT reduced TT-SPDP were mixed and stined at

room temperature. According to the condítions used the reaction was quenched

after 20-120 min by the addition of cysteine (4 mg/ml in Na phosphate buffer pH

8.0) for 30 minutes. The conjugate was clarified on 5 pm filter and injected on

Sephacryl S300HR resin (XK16/100) for purification. Elution was ¡ealized ín 200

mM NaCl with a flowrate fixed at 30 ml/h. The elution fractions were analysed by

hexosamine and by protein dosage. lnteresting fractions were pooled and filtered

on 0.22 pm Sterivex. The final conjugate was tested for polysaccharide

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

Table 12

25

72

20 Example 8 Formulation Adjuvant compositions The conjugates were inoculated either
unadjuvanted or adjuvanted with adjuvant A, having the following composition: 25
Composition of Adjuvant A Qualitative Quantitative (per 0,5 mi. dose) Liposomes! DOPC 1 mg
30- cholesterol 0.25 mg 3DMPL 50 pg Q821 50 pg KH2PO41 3.124 mg Buffer
Na2HPO410.290 mg Buffer 35Nadi 2.922 mg (100 m111) WFI q.s. ad 0.5 nil Solvent pH 6,1 I.
Tolal PO4 concentration 50 ro M  Example 9 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. &trees grown on CSA plates. The nocular sizes range from -1010 to 108
CPU/mouse, Mortality is assessed on a daily basis for 3 days. The 50% lethal doses (LDsos)
is estimated by using a probit model of the dose response relationship, The null hypothesis of
common LE:s was tested by the likelihood 



Conjugote

dPNÁ6.TT OIO

dPNÁ6-TT 011

dPNA6-TT 012
dPNA6-TT OI9

N-ocetyloiion
level

a
lo

dPNA6.TT O2O

*Not done on the lot used in the conjugotion but estimoted on a previous lot by NMR
usirg the some de-N-ocetylotion method.

Table 13
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tdPNA6l
mglml
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ConJugote
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dPNA6.TTOIO

34

dPNA6-TTO11

rTTI
mglml

15

dPNAo-rrOr2

T2

dPNÁ6.TT019

t7.5

5 dPNAG.SPDP:

fn.TT/PS rotio
(w/w)

dPNA6-TTO2O

PS scole
(mg)

5

15

2

24

35

A S-fold molar excess of SPDP (N-Succinimidyl-3-(2-Pyridyldithio) Propionate, MW:

312.4, Pierce) dissolved in DMSO (dimethylsulfoxid, Merck) was added to 100 mg of

dPNAG at 5mg/ml in 100 mM Na phosphate, pH 7.2) and incubated t h at room

temperature. Before purification on Sephacryl 5100HR (XK16/40) the reaction mixture

was concentrated to t 6 ml on Amicon Ultra 10,000 MWCO (centrifugation at 3000 rpm

during 28 min). Elution was realized in phosphate buffer pH 7.4with a flow-rate fixed at 60

ml/h. The interesting fractions (read at 206 nm) were pooled and concentrated to 1.1 ml

on Amicon Ultra 10,000 MWCO (centrifugation at 3000 rpm dur¡ng 30 min).

TT-SPDP:

A 15-fold molar excess of SPDP (Pierce) dissolved in DMSO (dimethylsulfoxid, Merck)

was added to 1 g of TT (50 mg/ml) in 100 mM Na phosphate, pH7.2 and incubated 80

min at room temperature. Then the product was injected on Sephacryl 3100HR (XK16/40)

and eluted in 100 mM Na acetate pH 5.6, 100 mM NaCl, 1mM EDTA with a flow-rate fìxed

at 60 ml/h. The elutíon pool was selected in function of the optical density (UV=280nm)

l0

tlL

30

Coupl.time
(m¡n)

2

?/L

?o

10

2/t

F.TTIPS rotio
tu/wl

22

2/t

10

t/t

t0

120

r20

1.86/t
2.86/r

80

?.29/t

20

Yield PS rec
(7"1

15

r.45/t

20

0.89/t

43

56

Filtrotion yield
fl"\

6t

20

81

8?.

99

99

108

97
109
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10 ratio test. Sublethal bactemmia is initiated by challenging groups of 8 to 20 mice by the
intravenous (i.v.) route with - 2 x 106 CFLYmouse or by the i.p. route with - 2 x 10t
CFLItmouse. After inoculation separate groups of animals are bled from the tail at specified
times, and the bacteremia levels are estimated by quantitative plate counts performed in
duplicate on tryptic soy agar plates with 5% sheep blood (Becton Dickinson 15Microbiology
Systems). Statistical significance is determined with the Welch modification of the unpaired
Stutent's t test, Example 10 Immtmogenicity of S. aureus PS84T and dPNAG-TT conjugates
20 Groups of 80 mice were inoculated subcutaneously with S. aureus P58-TT conjugate at a
saccharide dose of 3ag, either unadjuvanted or combined with adjuvant A, on days 0, 14, 28
and 42. On day 0, the mice received a first saccharide dose including between 0.001 and
0,013p.g. The further three immunisations were done wuth a dose of 0.3ag in saline. On day
55 serum was 25 collected from the mice and each serum sample was tested by ELISA to
assess the immune response against 958. Groups of 10 mice were used in the control groups
and these were inoculated with either saline or saline containing adjuvant A. The purified P58
was coated at 2 pg,iml in phosphate buffered saline (PBS) on high  30 binding microlltre
plates (Nunc Maxisorp) overnight at 4 C. The plates were blocked with PBS-BSA 1% for 30
min at room temperature with agitation. The mice antisera were prediluted 11100 , then
further twofold dilutions were made in microplates which were incubated at 37'C for 1 hour.
After washing, bound murine antibody was detected using 76  Jackson ImmunoLaboratcries
Inc. peroxidase-conjugated affiniPure Goat Anti-Mouse IgG (Hit) (ref: 115-035-003) diluted
1:5000 in PBS-tween 0.05%. The detection antibodies were incubated for 30 minutes at room
temperature with agitation. The color was developed using 4 mg OPD (Sigma) + 5 pi H202
per 10 ml pH 4.5 0.1M citrate buffer for 515 minutes in the dark at room temperature. The
reaction was stopped with 50 pl HOI, and the optical density was read at 490 nai relative to
650 nai. The results were expressed in midpoint titers and the GMT was calculated for the 30
samples (10 for controls). The results are shown in Table 14 below.  Table 14 Conjugate
Anti-P88 titre (GMT) rionadsorbed 



and then concentrated to 19.6 mlon Amicon Ultra 10,000 MWCO (centrifugation at 3000

rpm during 75 min),

TT-LC-SPDP was produced as TT-SPDP but using LC-SPDP (Succinimidyl 6-t3-(2-

pyridyldithio)-propionamidolhexanoate, Pierce) and an incubation time of 60 min.

TT-SH or TT-LC-SH

DTT was added to TT-SPDP or TT-LC-SPDP in a DTT/TI ratio (mg/mg) of 0.711. After 2h

at room temperature, the release of pyridine-2-thione was followed by its characteristic

absorbance at 343 nm. The thiolated protein was purified from excess DTT by gelfiltration

(PD-10, Amersham). After c¡ncentration on Amicon Ulka 10,000 MWCO, protein content

was estimated by Lowry dosage.

dPNAG-SPDP + TT-SH or TT-LC-SH (dPNAG-TTO14 and 016)

Coupling was performed at room temperature under continuous stirring and with an initial

TT/PS ratio (w/w) of 2h.

dPNAG and TT-SH were mixed in order to obtain a final PS concentration of 20 mg/ml

and a final protein concentration of 40 mg/ml. After 30 min, unreacted sulfhydryl groups

were quenched by addition of 2-lodoacetamide (Merck).

dPNAG and TT-LC-SH was mixed in order to obtain a final PS concentration of 10 mg/ml

and a final protein concentration of 20 mg/ml, After 75 min, unreacted sulfhydryl groups

were quenched by addition of 2-lodoacetamide (Merck).

Then the conjugate is clarified using a 5 ym Minisart filter and injected on Sephacryl

S300HR (XK16/100). Elution was realized in 200 mM NaCl with a flow-rate fixed at 30

ml/h.

The elution fractions were analysed by hexosamine and by protein dosage. lnteresting

frac{ions were pooled and filtered on 0.22 ¡rm Sterivex.

10

15

20
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30

The resulting conjugates have a final TT/PS ratio (wÂ,v) of 2.18 (TT-SH) and 2.24 [ff-LC-
SH).

35 Thiolation of dPNAG

74

Arsti-PS8 titre (GMT) Adjuvant A SA08-IT011 4744 2109 SA08:17015 2806 5631
BA0841-017 3770 4396 SA08TTUl 8 5349 4748 Control 50 50   10 Groups of 30 mice were
inoculated subcutaneously with S. aureus dPNIAG-TT conjugates (containing dPNAG which
was between 10% and 30% N-acetylafed) at a saccharide dose of 0.3ag in 200mM NaCI,
either unadjuvanted Or combined with 



11.6 mg of DTT (1, 4-Dithiothreitol, Boerhinger Mannheim, MW:154.24) were added to

16.5 mg of dPNAG-SPDP. After 2h al room temperature, the release of pyridine-2-thione

was followed by its characteristic absorbance at 343 nm. The thiolated PS was purified

from excess DTT by gel filtration (Toyopearl HW40F) and then concentrated to E60 pl on

Amicon Ultra 10,000 MWCO.

dPNAG-SH + TI-SPDP (dPNAG-TTo17)

Coupling was performed at room temperature under continuous stirring and with an initial

TT/PS ratio (w/w) ot 1.711.

dPNAG-SH and TT-SPDP were mixed in order to obtain a final PS concentration of 7.73

mg/mland a final protein concentration of 13.3 mg/ml. After 90 min, unreacted sutfhydryl

groups were quenched by addition of 2-lodoacetarnide (Merck).

Then the conjugate was clarified using a 5 pm Minisart filter and injected on Sephacryl

S300HR (XK16/100). Elution was realized in 200 mM NaCl with a ffow-rate fixed at 30

ml/h.

The elution fractions are analysed by hexosamine and by protein dosage. lnteresting

fractions were pooled and filtered on 0.22 pm Sterivex,

The resulting conjugate has a finalTT/PS ratio (w/w) of 2.74.

Example I Formulation

Adjuvant composltlons

The conjugates were inoculated either unadjuvanted or adjuvanted with adjuvant A,
having the following composition:

Composition of Adjuvant A
Qualitative Quantitative (per 0.5 mL dose)
Liposomes:
- DOPC 1 mg
- cholesterol 0,25 mg

3DMPL 50 ¡rg
QS21 50 pg
KHzPOl3,124 mg Buffer
NazHPO¡ r 0.290 mg Buffer
NaCl2.922 mg
(100 mM)

WFlq,s, ad 0,5 mlSolvent
pH 6.1
1. Total PO¡ concenlration = 50 mM

75

10

15

20

25

30
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15 adjuvant A. The mice received three inocuiations on days 0, 14 and 28. On day 41 or 42
serum was collected from the mice and each serum sample was tested by ELISA to assess
the immune response against PNAG. Groups of 10 mice were used in the contra groups and
these were inoculated with saline or with adjuvant alone. 20 Atsti-PNAG EWA-    Purified
PNAG (2.5 pgitril) mixed with methylated HSA (2.5 pgitril) diluted in phosphate buffered saline
(PBS) was coated on high binding microtitre plates (Num Maxiserp) 25overnight at 4 C.  The
plates were blocked with PBS-BSA 1%, 30 min at ST with agitation. The mice antisera were
prediluted 1/100, then further twofold dilutions were made in rnlcroplates and incubated at
room temperature with agitation for 1 hour. After washing, bound rnurine antibody was
detected using Jackson ImmunoLaboratories Inc. peroxidase-conjugated affiniPure Goat
Anti-Mouse lgG (Hit) (ref: 115-035-003) diluted 1:5000 in PBS-BSA 0,2%4ween 0,05%, The
detection antibodies were incubated for 30 min. at room temperature with agitation. The color
was developed using 4 mg OPD (Sigma) + 5 pl H202 per 10 ml pH 4.5 0.1M citrate buffer for
15 minutes in the dark at room temperature. The reaction was stopped with 50 pi HC1, and
the optical density was read at 490 run 10relative to 650 1/F11. A GMT was calculated on the
mid-point titers of the 30 samples (10 for the controls).  Table 15 Conjugate Anti-PNAG GMT
Non-adsorbed Anti-PNAG GMT Adjuvant A dPNAG-TT010 1371 28465 441AG-17011 1133
40899 dPNAGI7019 425 13429 ONAG-17020 



Examole 9

Anlmal experiments.

Female CD-1 mice, I 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

sizes range from -10r0 to 108 CFU/mouse. Mortality is assessed on a daily basis for 3

days. The 50% lethal doses (LD5ss) is estimated by using a probit model of the dose-

response relationship. The null hypothesis of common LDsos was tested by the likelihood

ratio test, Sublethal bacteremia is initiated by challenging groups of I to 20 mice by the

intravenous (i.v.) route with - 2 x 106 CFU/mouse or by the i.p. route with - 2 x lOT

CFU/mouse. After inoculation separate groups of animals are bled from the tail at

specified times, and the bacteremia levels are estimated by quantitative plate counts

performed in duplicate on tryptic soy agar plates with 5% sheep blood (Becton Dickinson

Microbiology Systems). Statisticalsignificance is determined with the Welch modification

of the unpaired Stutent's ú test.

Example l0
lmmunogenicity of S. aureus PS8-TT and dPNAG-TT conjugates

Groups of 30 mice were inoculated subcutaneously with S. aureus PS8-TT

conjugate at a saccharide dose of 3pg, either unadjuvanted or combined with

adjuvant A, on days 0, 14, 28 and 42. On day 0, the mice received a first

saccharide dose including between 0.001 and 0.013p9. The further three

immunisations were done wuth a dose of 0,3¡rg in saline. On day 55 serum was

collected from the mice and each serum sample was tested by ELISA to assess

the immune response against PS8, Groups of 10 mice were used in the control

groups and these were inoculated with either saline or saline containing adjuvant

A.

The purified PS8 was coated at 2 pg/ml in phosphate buffered saline (PBS) on high

binding rnicrotitre plates (Nunc Maxisorp) overnight al 4" C. The plates were blocked with

PBS-BSA 1o/o for 30 min at room temperature with agitation. The mice antisera were

prediluted 11100 , then further twofold dilutions were made in microplates which were

incubated at 37'C for t hour. After washing, bound murine antibody was detected using

76
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656 10080 dPNAG-TT014 3429806 cIPNAG-TT017 2038094 dPNAG-T1012 39840509 d
PNAG-TTO1 719 7937 Control 50 50  Example 11 iminuriogenicity of Pr-TT conjugates made
by the CDAP method Results Table 16 78  Example 12 Opsonophagosytosis assay. 5 



Jackson lmmunolaboratories lnc. peroxidase-conjugated affiniPure Goat Anti-Mouse lgG

(H+L) (ref: 115-035-003) diluted 1:5000 in PBS-tween 0.05%. The detection antibodies

were incubated for 30 minutes at room temperature with agitation. The color was

developed using 4 mg OPD (Sigma) + 5 pl H2O2 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 pl HCl, and

the optical density was read at 490 nm relative to 650 nm.

The results were expressed in mid-point titers and the GMT was calculated for the 30

samples (10 for controls). The results are shown in Table 14 below.

Table 14

Gonjugate

SA08-TT01t

SAOS.TTOIs

SA08-TT017

SA08-TT018

l0
Gontrol

Groups of 30 mice were inoculated subcutaneously with S. aureus dPNAG-TT

conjugates (containing dPNAG which was between 10o/o and 30% N-acetylated) at

a saccharide dose of 0.3¡rg in 200mM NaCl, either unadjuvanted or combined with

15 adjuvant A. The mice received three inoculations on days 0, 14 and 28. On day 41

o¡ 42 serum was collected from the mice and each serum sample was tested by

ELISA to assess the immune response against PNAG, Groups of 10 mice were

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

alone.

20

Anti-PNAG ELISA:

Purified PNAG (2.5 pg/ml) mixed with methylated HSA (2.5 pg/ml) diluted in phosphate

buffered saline (PBS) was coated on high binding microtitre plates (Nunc Maxisorp)

25 overnight at 4" C.

Anti-PSB tltre (GMT)

nonadsorbed

4714

2806

3770

Anti-PSB tltre (GMT)

Adjuvant A

5349

50

21 09

5631

4396

4748

50

77

The in vitro opsonophagocytosic killing of aaureus by human polymorphonuclear leykocytes
(PMNs) is performed as described in Xti at al 1992 infect, Immun, 60; 1358. Human PMNs are
prepared from hepannized blood by sedimentation in 3% dextran T250. The opsonic reaction
mixture (1 ml) contains - 106 KiNs in RPM! 1640 medium 10 supplemented with 10%
heat-Inactivated fetal calf serum, - 10(' CFU of S-aureus, and 0,1 ml of the test serum or IgG
preparation, Hyperimmunized rabbit serum is used as a positive control, and 0.1 ml of
nonimmune rabbit serum was used as a complete source for the lge samples. The reaction
mixtures are incubated at 37C, and bacterial samples are transferred at 0, 60, and 120 min
into water and subsequently diluted, spread on 16tryptic soy agar plates, and incubated at
37C for bacterial count after overnight incubation, Example 13 20 Immunogenicity of
staphylococcal proteins In mica and rabbits Animals were immunized with purified
staphylococcal proteins in order to generate hyper- immune sera. Mice were immunized three
times (days 0, 14 and 28) with 10 pg of each proteins adjuvanted in Speed. Rabbits were
immunized three times (days 0, 21 and 42) 25 with 20 pg of each proteins adjuvanted in
Speed. Immune sera were collected and evaluated in anti-protein and anti-killed whole cells
RASA, Antl-Protein ELISA:  The purified protein was coated at 1 ugirril in phosphate buffered
saline (PBS) on high binding microtitre plates (Num Maxisorp) overnight at 4' C. The plates
were blocked with PBS-BSA /Wo. 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.
peroxidaseconjugated affiniPure Goat Anti-Mouse igG (H+L) (ref: 115-035-003) or -MiniPure
Goat Anti-Rabbit IgG (frill) (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 pi H202 per 10 ml pH 4.5 0.1M citrate 10buffer for
15 minutes in the dark at room temperature. The reaction was stopped with 60 pl HC}, and the
optical density was read at 490 nrn relative to 650 nm. The OD. for a 111000 dilution of Post
ill was compared to the OD. obtained with the same dilution of Pre-immune sera. 15Resuits
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, whole cells EUSA: 20 Killed whole cells (heat or
formaldehyde inactivated) from S. aureus type 5 and 8 or S. epidermidis strain Hay were
coated at 20 pg/rril an phosphate buffered saline (PBS) on high binding microtitre plates
(Nunc Maxisorp) overnight at 4' C with evaporation. The plates were blocked with PBS-BSA
1% 30 min at room temperature with agitation. Protein 25 A was neutralised by addition of
lOnimi 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 rnicroplate 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 



The plates were blocked with PBS-BSA 1o/o, 30 min at RT with agitation. The mice

antisera were prediluted 1/100, then further twofold dilutions were made in miøoplates

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

antibody was detected using Jackson lmmunoLaboratories lnc. peroxidase-conjugated

affiniPure Goat Anti-Mouse lgG (H+L) (ref: 115-035-003) diluted 1:5000 in PBS-BSA

O.2%-tween 0.05%. The detection antibodies were incubated for 30 min. at room

temperature with agitation. The color was developed using 4 mg OPD (Sigma) + 5 pl

H2O2 per 1 0 ml pH 4.5 0. 1 M citrate buffer for 1 5 minutes in the dark at room temperature.

The reaction was stopped with 50 pl HGl, and the optical density was read at 490 nm

relative to 650 nm.

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

Table 15

10

Conjugate

dPNAG.TTOIO

dPNAG.TTOIl

dPNAG.TTOI9

dPNAG-TTO2O

dPNAG.TTOI4

dPNAG.TTOIT

Anti-PNAG GMT

Non-adsorbed

dPNAG.TTOI2

dPNAG.TTOI6

Gontrol

15

1371

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

Results

Table 16

1133

425

Anti-PNAG GMT

Adjuvant A

656

GonJqgate

342

203

SAPSS-TT-O4 Specol

398

719

28465

50

40899

13429

10080

9806

Anti PS8 GMT post three

inoculatlons ln mlce

8094

40509

7937

50

207068

78

Anti-PSB GMT post two

inoculations In mlce

41326

30 ImmuneLaboratories Inc. peroxidase-conjugated affiniPure Goat AntiMouse IgG (HtL) (ref:
115-035-003) or AffiniPure Goat Anti-Rabbit IgG (HL) (ref: 11-035-003) diluted 1:5000 in
PBS-tween 0.05%. This detection antibodies were incubated for 30 milt at room temperature
with agitation. The color was developed using 4 mg OPD (Sigma) 5 pi H202 per 10 ml pH 4.5
0.IM citrate buffer For 15 minutes in the dark, at room  temperature. The reaction was stopped
with 50 pl HO, and the optical density was read at 490 nm relative to 650 nrn, It should be
rioted that expression levels of proteins in staphylococci will vary depending on culture
conditions. Therefore a negative result may reflect the choice of Incorrect culture conditions
rather than a lack of immunogenicity. The results using mice sera are shown in Table 17 and
some of the graphs are shown in figure 6. A weak recognition of S. aureus strain 5 is
observed with sera directed against SdrC, FnbpA, Ebh, Sbi and IsaA, Recognition of S.
aureus strain 8 is only observed with the serum directed against Sbi. Weak recognition of S.
epidennidis Hay is observed with sera directed against Atl amidase, MRPII, IsdA, IsaA, Ebh,
Ma and Sbi. A selection of results generated using rabbit sera are shown in figure 7 and
summarized 15 in Table 18, Very good recognition of the three strains was observed with
IsaA and IsdB. A weak recognition of the three stains was observed with HarA although
animals only received one injection rather than the three injections used for the other proteins.
Table 17  Example 14 Efficacy of combinations of staphylococcal proteins in a nasal
colonization model.    Fifteen groups of three cotton rats were inoculated with combinations of
eight staphylococcal antigens and five cotton rats which acied as controls were treated with
no 10antigen, These sixteen groups are as follows: Group 1 - Ati-giucosarnine, Atl-arnidase,
AM, alpha toxin, Sdre.t, Stire, Ebh, Sbi Group 2 - Atl-glucosamine, Atl-amidase IsdA, lsdB,
ClfA. SdrC, Ebh, FinhpA Group 3 - Ati-glucosamine, Atl-amidase, HarA,IsdA, MPH, sdB, AM,
alpha toxin 15Group 4 - Ati-glucosamine, HarA, IsdA, AAA, CifA, saA, Ebh, Stal Group 5 -
HarA, MRPII, AAA, alpha toxin, CifA, SdrC, Ebh, FnbpA Group 6 - IsdA, IsdB, AAA, alpha
toxin, ClfA, SdrG, Shi, EnhpA Group 7 - Atl-aminidase, IsdA, MRPII, AAA, IsaA, SdrG, Ebh,
FribpA Group 8 = Control 20Group 9 - fl-g/ucosamine, IsdA, WIRPII, alpha toxin, IsaA, SdrC,
Shi, FritspA Group 10 - Ati-glucdosamine, MRPli,Isda, AM. GRA, IsaA. SdrC, SdrG  



SAPSS-TT-04 Adfuvant A

SAPS8.TT.o4 A|PO4

Specol

Adjuvant A

AIPO4

Example 12

Opsonophagocytos¡s assay.

The in vitro opsonophagocytosic killing of S.aureus by human polymorphonuclear

leykocytes (PMNs) is performed as described ín Xu et al 1992 lnfect. lmmun.60; 1358.

Human PMNs are prepared from heparinized blood by sedimentation in 3% dextran T-

250. The opsonic reaction mixture (1 ml) contains - 106 PMNs in RPMI 1640 medium

supplemented with 10% heat-inactivated fetal calf serum, - 1Os CFU of S-aureus, and 0.1

ml of the test serum or lgG 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 lgG samples. The reaction mixtures are incubated at 37oC, and bacterial samples

are transferred at 0, 60, and 120 min into water and subsequently diluted, spread on

tryptic soy agar plates, and inct¡bated at 37oC for bacterial count after overnight

incubation.

Example 13

lmmunogenicity of staphylococcal protelns ln mtce and rabbits

Animals were immunized with purifìed staphylococcal proteins in order to generate hyper-

immune sera. Mice were immunized three times (days 0, 14 and 28) with 10 ¡rg of each
proteins adjuvanted in Specol. Rabbits were immunized three times (days 0,21 and 42)

with 20 pg of each proteins adjuvanted in Specol. lmmune sera were collected and

evaluated in anti-protein and anti-killed whole cells ELISA.

Antl-Profein ELISA:

47405

7380
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Group 11- Atkamindase, MRPII, IsdB, alpha toxin, Cif& IsaA, Ebh, Sbi Group 12-
Atlilucosamine, HarA, IsdB, alpha toxin, isaA, SdiG, Ebh, FnbpA Group 13- Atkamidase,
HarA, sdB, AAA, IsaA" SdrC, Sbi, FribpA Group 14 -Atl-glucosamlne, All-ainidase, HarA,
MRPil, CifA, SdrG, Sbi, FnbpA Group 15 Atkamidase. HarA, IsdA, alpha toxin, ClfA, isaA,
SdfC, SdrG Group 16- HarA, isdA, MRPII, IsdB, SdrC, SdrG, Ebh, Sbi Each mix of antigens
contained 3r.tg of each antigen mixed with an adjuvant made of liposomes containing MPL
and 0321. The cotton rats were inoculated three limes on 10 days 1, 14 and 28 of the
experiment. Two weeks after inoculation, the efficacy of the immunisations were assessed
using a nasal colonisation assay as described in 'coked-Ken et al (2003)
Antimicrob.Agents.Chemother. 47; 1589-1597. Classical multiple linear regression analysis
was carried out on the data using "Design 15 Expert 6' software, The presence of an antigen
was coded as +1 and the absence of an antigen by -.1, Using the equation of the model it was
possible to determine which antigens were the key antigens which produced a large decrease
in the number of colonies per nose. 20Results The results of the nasal colonisation assay are
shown in Table 19. The control group had a mean logCFUinose of 3.51335 and a decrease in
nasal colonisation could be see for all the groups of cotton rats inoculated with staphylococcal
proteins. Groups 4, 9 and 13 25 showed the greatest decrease in nasal colonisation with a
decrease of over 2 logs in Callnose. Groups 12 and 16 also gave good results, showing a
decease of about 2 logs in CFUlnose, Table 19 30  The contribution of specific antigens within
the antigen mix was calculated using multiple regression analysis of the nasal colonisation
data The final mdel contains the seven best antigens. Results for these antigens are shown in
Table 20. Within the context of the protein mix, the inclusion of HarA gave the greatest
decrease in nasal colonisation, followed by IsaA, Shi, SdrG, autolysin-glucosamine, MRPII
and Ebh.      Table 20 Effects in difference of InoeFtl/nose and ratio of CFUlnese for the  s
10antigens in the model and corresponding p-values.   antigenp ob >F Effect 



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

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

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

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

or rabbit antibody was detected using Jackson lmmunolaboratories lnc. peroxidase-

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

Anti-Rabbit lgc (H+L) (ref: 11-035-003) diluted 1:5000 in PBS-tween 0.0570, The

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

colorwas developed using 4 mg OPD (Sigma) + 5lrl H2O2 per 10 mf pH 4.5 0.1M citrate

buffer for 15 minutes in the dark at room temperature. The reaction was stopped with 50

¡tl HCl, and the optícal density was read at 490 nm relative to 650 nm.

The O.D. for a 1/1000 dilution of Post lll 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 lg binding activity of this protein.

Anti-killed whole cells ELISA:

Killed whole cells (heat or formaldehyde inactivated) from S. aureus type 5 and I or S.

epidermidis strain Hay were coated at 20 ¡rg/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 10pg/ml of Affinity Purified Chickedn anti-ProteinA (lCL

ref: CPA-65A-2) diluted in PBS-tween 0.05% followed by incubation for t hour at room

temperature. The test samples were then diluted two-fold on the microplate in PBS-0.05%

from a starting dilution at 1110 and incubated t hour at room temperature with agitation.

After washing, bound murine or rabbit antibody was detected using Jackson

lmmunoLaboratories Inc. peroxidase-conjugated affiniPure Goat Anti-Mouse lgG (H+L)

(ref: 115-035-003) or AffiniPure Goat Anti-Rabbit lgG (H+L) (ref: 11-035-003) diluted

1:5000 in PBS{ween 0.05%. This detection antibodies were incubated for 30 min. at room

temperature with agitation. The color was developed using 4 mg OPD (Sigma) + 5 pl

H2O2 per 10 ml pH 4.5 0.1M citrate buffer for 15 minutes in the dark, at room
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I Reduction Cumulative Cumulative  estimate  ratio effect ratio HarA  0.033 -0.596  3.9 -0.596
3.9 IsaA  0.046 -0.556..  -1.154 14,3 Sbi  th077 



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

490 nm relative to 650 nm.

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

on culture conditions. Therefore a negative result may reflect the choice of incorrect

culture conditions rather than a lack of immunogenicity,

The results using mice sera are shown in Table 17 and some of the graphs are shown in

figure 6. A weak recognition of S. aureus strain 5 is observed with sera directed against

SdrC, FnbpA, Ebh, Sbiand lsaA. Recognition of S. aureus strain I is only observed with

the serum directed against Sbi. Weak recognition of S. epidermrdrs Hay is observed with

sera directed against Atl amidase, MRPll, lsdA, lsaA, Ebh, Aaa and Sbi.

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

in Table 18. Very good recognition of the three strains was observed with lsaA and lsdB.

A weak recognition of the three stains was observed with HarA although animals only

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

Table 17
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Protein name

lsaA

ctfA
Atlamidase

SdrG

Glucosamidase

lsdA
Aloha toxin

React on SA5

SrdC

Ebh

AaA

l+)

MRPII

sbi
FnbpA

React on SAB

Table l8
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+++
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Proteln name

lsaA

ctfA
Atlamidase

lsdB

SdrG

Glucosarnidase

HarA f1 iniect.)

React on SA5

lsdA

Aloha toxin

+++

SrdC

Ebh

+

AaA

MRPII

+++

React on SA8

sbi

+

FnboA

+

+++

++

Example 14

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

++

+++

React on SE Hav

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

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

10 antigen. These sixteen groups are as follows:

+

+

+++

+

+++

+

Group I -Atl-glucosamine, Atl-amidase alpha toxin, SdrC, SdrG, Ebh, Sbi

Group 2 - Atlglucosamine, Atl-amidase , lsdA, lsdB, ClfA, SdrC, Ebh, FnbpA

Group 3 - Atl-glucosamine, Atl-amidase, HarA, lsdA, MRPll, lsdB, AAA, alpha toxin

Group 4 - Atl-glucosamine, HarA, lsdA, AAA, ClfA, lsaA, Ebh, Sbi

Group 5 - HarA, MRPll, AAA, alpha toxin, ClfA, SdrC, Ebh, FnbpA

Group 6 - lsdA, lsdB, AAA, alpha toxin, ClfA, SdrG, Sbi, FnbpA

Group 7 - Atl-aminidase, lsdA, MRPll, AAA, lsaA, SdrG, Ebh, FnbpA

Group I - Control

Group 9 - Atl-glucosamine, lsdA, MRPll, alpha toxin, lsaA, SdrC, Sbi, FnbpA

Group 10 -Atl-glucosamine, MRPll, lsdB, MA, ClfA, lsaA, SdrC, SdrG
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1.9-2.914  821.0  CLAIMS 1. An immunogenic composition comprising Type 5 and/or 8
capsular polysaccharide or oligosaccharide from S. aureus wherein the Type 5 capsular
polysaccharide or oligosacchadde is between 30% and 100% 0-acetyiated. 2, An
immunogenic composition comprising Type 5 and/or 8 capsular polysaccharide or
oligosaccharide from S. aureus wherein the Type 8 capsular polysaccharide or
oligosaccharide is between 30% and 100% 0-acetylated. 10 3. The immunogenic composition
of claim 2 wherein the Type 5 capsular polysaccharide or oligusaccharide is between 30%
and 100% 0-acetylated.       4. The immunogenic composition of any one of claims 1-3
comprising staphylomccal 15PNAG. 5, The immunogenic composition of claim 4 wherein the
PNAG is less than 40% N acety/ated, 206, The immunogenic composition of any one of
claims 1-5 further comprising Type I, and/or Type II and/or Type Ill capsular polysaccharide or
oligosaccharide from S.       7. The immunogenic composition of any one To claims 1-6 further
comprising a S. aureus 25336 antigen. 8. The immunogenic composition of any one of claims
1-7 further comprising a staphylococcal protein or fragment thereof. 309, The immunogenic
composition of claim 8 wherein the staphylococcal protein or fragment thereof is an
extracellular component binding protein selected form the group consisting of larninin
receptor, Site/MntC/saliva binding protein, EbbA, Ehtf8. Elastin binding protein (EbpS), EFB
(FIB), SEil, autolysin, CifA, SdrC, SdrD, SdrE, SdrG, SdrH, Lipase GehD, SesA, FnbA, Fnba,
Cna, ClfB, FbpA, Npase, isaA/PisA, SsaA. 35EPB, SSP-1, SSP-2, HBP, Vitronec.tin binding
protein, fibrinogen binding protein, coagulase. Fig and MAP, 10. The immunogenic
composition of claim 8 wherein the staphylococcal protein or fragment thereof is a transporter
protein selected from the group consisting of 40Immuncdominant ABC transporter, IsdA, sdB,
ISO, Hark Mg2+ transporter, SitC 



Group 11- Atl-amindase, MRP|l, lsdB, alpha toxin, ClfA, lsaA, Ebh, Sb¡

Group 12 -Atlglucosamine, HarA, lsdB, alpha toxin, lsaA, SdrG, Ebh, FnbpA

Group 13 - Atl-amidase, HarA, lsdB, AAA, lsaA, SdrC, Sbi, FnbpA

Group 14 -Atlglucosamine, Atl-amidase, HarA, MRP¡1, ClfA, SdrG, Sbi, FnbpA

Group 15 - Atl-amidase, HarA, lsdA, alpha toxin, ClfA, lsaA, SdfC, SdrG

Group 16 - HarA, lsdA, MRPll, lsdB, SdrC, SdrG, Ebh, Sbi

Each mix of antigens contained 3pg 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.Chemolher. 47; 1 589-1597,

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

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

10

15

20 Resultq

The results of the nasal colonisation assay are shown in Table 19. The control group had

a mean logCFU/nose of 3.51335 and a decrease in nasal colonisation could be see for all
the groups of cotton rats inoculated with staphylococcal proteins. Groups 4,9 and 13

25 showed the greatest decrease in nasal colonisation with a decrease of over 2 logs in
CFU/nose. Groups 12 and 1ô also gave good results, showing a decease of about 2 logs
in CFU/nose.

Table l9
30

Grouo

1

2

3

4

5

o

Mean observed LooCFU/nose

7

1.77527

I

2.90435

I

1.96556

1.27748

1.67304

2.79745

2.21481

3.51355

1 22480

Predicted LooCFU/nose

2.03560

2.52684
2.23033

1.21872

1 .93128

2.98193

2.30705

83

3.47317

1.44080

and Ni ABC transporter.  11, The immunogenic composition of claim 8 wherein the
staphylococcal protein or fragment thereof is a toxin or regulator of virulence selected from the
group consisting of alpha toxin (Ha), alpha toxin H35R mutant, RNA Ill activating protein
(RAP). 5 12. The immunogenic composition of any one of claims 8-11 comprising 2 or more
staphylococcal proteins selected from at least 2 different groups selected from: a) at least one
staphylococcal extracellular component binding protein or fragment 10  thereof selected (corn
the group consisting of larninin receptor, SitC/MntCtsaliva binding protein, EbhA, EbhB,
Elastin binding protein (EbpS), EFB (FIB), SBI, autolysin, ClfA, SdrC, SdrD, SdrE, SdrG,
SdrH, Lipase GehD, SasA, FnbA, FnbB, Cna, afB, FbpA, Npase, IsaAlPisA, SsaA, EPB,
SSP-1, SSP-2, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig and
MAP; 15b) at least one staphylococcal transporter protein or fragment thereof selected from
the group consisting of Immunodominant ABC transporter, IsdA, sdB, IsdC, HarA, Mg2+
transporter, SitC and Ni ABC transporter;    c) at least one staphylococcal regulator of
virulence, toxin or fragment thereof selected from the group consisting of alpha toxin (Hie),
alpha toxin H35R mutant, 20RNA III activating protein (RAP). 13. The immunogenic
composition of any one of ciairns 1-12 whe, n a staphylococcal polysaccharide is conjugated
to a protein carrier. 2514. The immunogenic composition of any one of claims 4-13 wherein
the PNAG is conjugated to a carrier protein. 15. The immunogenic composition of claim 13 or
14 wherein the carrier protein comprises a staphylococcal protein or fragment thereof selected
from the group consisting of 30  laminin receptor, SitC/Mnteisaliva binding protein, EbhA,
EbhB, Bastin binding protein (EbpS), EFB (FIB), SBI, autolysin, ClfA, SdrC, SdrD, SdrE,
SdrG, SdrH, Lipase GehD, SasA, FnbA, EnbB, Cna, CUB, FbpA, Npase, IsaAiRsA, SsaA,
EPS, SSP-1, SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase,
Fig, MAP, irnmunodominant ABC transporter, IsdA, Isd13, IsdC, Mg2+ transporter, Site and
35Ni ABC transporter, alpha toxin (Ha), alpha toxin 935R mutant and RNA III activating
protein (RAP). 16, The immunogenic composition of claim 13 or 14 wherein the carrier protein
is selected from the group consisting of tetanus toxoid, diphtheria tom:ad, CRM197,
Haemophilus 40influenza protein D, Pseudomonas aenvinosa exoprotein A, pneumococcal
pneurnolysin and alpha tumid,  17. The immunogenic composition of dams 1-16 wherein an
effective immune response is generated against both S. aureus and S. epiderrniclis. 



10

11

12

13

14

15

2.03085

16

2.02522

1.53402

The contribution of specific antigens within the antigen mix was calculated using multiple
regressíon analysis of the nasal colonisation data. The final mdel contains the seven best
antigens. Results for these antigens are shown in Table 20. Within the context of the
protein mix, the inclusion of HarA gave the greatest decrease in nasal colonisation,
followed by lsaA, Sbí, SdrC, autolysin-glucosamine, MRP|land Ebh.

1.36063

2.31201

2.22979

1.58109

10

1.93204

antioens in the modeland correspondinq p-values.

1.81581

1.70996

antigen

1.49100

1.73909

HarA

1.98223

lsaA

prob >F

1.MO04

sbi
SdrC

0.033

Atl-olucos

0.046

MRPII

Effect

estimate

0.077

Ebh

0.22

{.596

0.238

-0.s58

0.239

Reduction

ratio

-0.491

0.297

-0. 337

3.9

-0.324

3.6

-0.323

Cumulative

effect

3,1

-0.286

2,2

-0.596

2 1

-1.154

2. 1

Cumulative

ratio

-1.645

1.9

-1.982

3.9

-2.306

14.3

-2.629

44.2

-2.914

96.0

202.2

425.3

821.0
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518. A vaccine comprising the immunogenic composition of claims 1-17 and a
pharmaceutically acceptable excipient.  19. A method of making a vaccine comprising the
steps of mixing antigens to make the immunogenic composition of claims 1-18 and adding a
pharmaceutically acceptable 10excipient. 20. A method of preventing or treating
staphylococcal infection comprising the step of administering the vaccine of claim 18 to a
patient in need thereof. 1521. A use of the immunogenic composition of claims 1-17 in the
manufacture of a vaccine for treatment or prevention of staphylococcal infection. 22. A
process for conjugating Type 5 or 8 capsular polysaccharide or oligosaccharide from S.
aureus comprising the steps of: 20a) dissolving the Type 5 or 8 polysaccharide or
oligosaccharide in water or a saline solution; b) adding a cyanylatingexample CDAP) to form
an activated polysaccharide or oligosaccharide;             c) adding carrier protein so that amino
groups react with the activated 25polysaccharide to form an isourea covalent link 23. The
process of claim 22 wherein the Type 5 capsular polysaccharide Or oligosaccharide is
between 30% and 100% 0-acetylated. 30 



CLAIMS

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

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

The immunogenic composition of claim 2 wherein the Type 5 capsular polysaccharide

or oligosaccharide is between 30% and 100% O-acetylated.

10

15

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

5. The immunogenic composition
acetylated.

The immunogenic composition

and/or Type ll and/or Type lll
epldermldis.

20

25

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

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

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

of claim 4 wherein the PNAG is less than 40% N

30 9.

of any one of claims 1-5 further comprising Type l,
capsular polysaccharide or oligosaccharide from S.

35

10. The immunogenic composition of
fragment thereof is a transporter
lmmunodominant ABC transporter,
and NiABC transporter.

40

claim I wherein the staphylococcal protein or
protein selected from the group consisting of
lsdA, lsdB, lsdC, HarA, Mg2+ transporter, SitC

85



11. The immunogenic composition of claim I wherein the staphylococcal protein or

fragment thereof is a toxin or regulator of virulence selected from the group consisting

of alpha toxin (Hla), alpha toxin H35R mutant, RNA lll activating protein (RAP).

12.The immunogenic composition of any one of claims 8-11 comprising 2 or more

staphylococcal proteins selected from at least 2 different groups selected from;

10

a) at least one staphylococcal extracellular component binding protein or fragment

thereof selected from the group consisting of laminin receptor, SitC/MntC/saliva

binding protein, EbhA, EbhB, Elastin binding protein (EbpS), EFB (FlB), SBl,

autolysin, ClfA, SdrC, SdrD, SdrE, SdrG, SdrH, Lipase GehD, SasA, FnbA, FnbB,

Cna, ClfB, FbpA, Npase, lsaA/PisA, SsaA, EPB, SSP-1, SSP-2, Vitronectin
binding protein, fibrinogen binding protein, coagulase, Fig and MAP;

at least one staphylococcal transporter protein or fragment thereof selected from
the group consisting of lmmunodominant ABC transporter, lsdA, lsdB, lsdO, HarA,

Mgz+ transporter, SitC and NiABC transporter;
at least one staphyloc¡ccal regulator of virulence, toxin or fragment thereof
selected from the group consisting of alpha toxin (Hla), alpha toxin H35R mutant,
RNA lllactivating protein (RAP).

15 b)

20

c)

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

14. The immunogenic composition of any one of claims 4-13 wherein the PNAG is

conjugated to a carrier protein.

15. The immunogenic composition of claim 13 or 14 wherein the carrier protein comprises
a staphylococcal protein or fragment thereof selected from the group consisting of
laminin receptor, SitCiMntO/saliva binding protein, EbhA, EbhB, Elastin binding
protein (EbpS), EFB (FlB), SBl, autolysin, ClfA, SdrC, SdrD, SdrE, SdrG, SdrH, Lipase
GehD, SasA, FnbA, FnbB, Cna, ClfB, FbpA, Npase, lsaÁ/PisA, SsaA, EPB, SSP-1,
SSP-2, HBP, Vitronectin binding protein, fibrinogen binding protein, coagulase, Fig,

MAP, lmmunodominant ABC transporter, lsdA, lsdB, lsdC, Mg2+ transporter, SitC and
NiABC transporter, alpha toxin (Hla), alpha toxin H35R mutant and RNA lll activating
protein (RAP).

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

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

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

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

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

22. A process for conjugating Type 5 or I capsular polysaccharide or oligosaccharide
from S. aureus comprising the steps of:

a) dissolving the Type 5 or I polysaccharide or oligosaccharide in water or a
saline solution;

b) adding a cyanylating agent (for example CDAP) to form an activated
polysaccharide or oligosaccharide;

c) adding carrier protein so that amino groups react with the activated
polysaccharide to form an isourea covalent link

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