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L

oooao

FAF
I JEA 1 3( pn Wil 4 5] 6B T
%)
PS R (mg/ml) | 2.0 3.0 2.0 7.5 5.4 3.0
PS % NaCl NaCl 1,0 1,0 NaCl NaCl
aM oM oM aM
PD i (mg/ml) | 5.0 5.0 5.0 5.0 5.0 5.0
WM PS/IPD R | 141 i /1 1/1 1/1 11
(wiw)
CDAP i#&pr 0.75 0.75 0.75 0.75 0.75 0.75
(mg/mg PS)
pH,=pH=pH, [9.0/9.0/9 | 9.0/9.0/9 | 9.0/9.0/9 | 9.0/9.0/9 | 9.5/9.5/9 | 9.0/9.0/9
0 0 0 0 0 0
Ooo0oOoooad
oooao
=1 DEEE
R v 14 18C 19F 25F
PS iBE(mgml | 2.5 2.5 2.0 40 3.3
PS VG NaCl2M [NaCl2M | H,O NaCl 2M | NaCl 2M
PD &% (mg/ml) | 5.0 5.0 5.0 5.0 5.0
## PS/PD tt | 1/0.75 1/0.75 1711 1/0.5 1/1
(wiw)
CDAP & & |0.75 0.75 0.75 0.75 0.75
(mg/mg PS)
pH,=pH =pH, |[8&5/8.5/8. [9.0/9.0/9.0[9.0/9.00.0 [ 10/9.50. |9.0/.0/.
0 0 0
oo0ooooad
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F#2 1 1MREKEPS —PD U YF O
(81 DAy F a— FOFESNEN A =T,

Hif

DO1PDJZET DO3PDJE36 D4PDIZ28 DBPDJ235 DEPDJZ09

PS/EB L (w/w)
MR L R A
(%) <10 %
EHEAEEE
(%) <15 %

DNAP &HZ
(ng/ g P3)

< 0.5 ng/ug P3
FFHL AR

ZEM

1/0.66 1/1.09 1/0.86 1/0.86 1/0.69

1 1 T ] 0

8 <1 19 21 9

0.2 0.6 0.4 1.2 0.3

0.18 0.13 0,12 0.11 0.13
P7MEL | T MEL P7MEL | &7 7 MEL

DOTPDJ2E5 DO9PDJZ22 D14PDJ202 DI18FDJ221 D19PDJ206 DZ3PDJ212

L T s T e T e T e T e T e T e T e T e B e R e T e T e T e T e T e T e T e T e T e T e T e T e T e T e T e T e T e Y e B e |

ooooDoooooooooooobd

PS/E B (w/w) 1/0.58 1/0.80 1/0.68 1/0.82 1/0.45 1/0.74

MEESEAEEE (1 <1 <1 4 4 0

(hy <10 %

FEHEHEEE ! 0.3 3 21 10 12

(%) <15 %
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VACCINE

FIELD OF INVENTION

The present invention relates to bacterial polysaccharide antigen vaccimes,
their manufacture and the use of such polysaccharides in medicines.

In particular the present invention relates to vaccines comprising a
preumococcal polysaccharide antigen, typically 2 pneumococcal polysaccharide
conjugate antigen, formulated with a protein antigen from Sireptococcus pnewmoniae

and opticnally a Th1 inducing adjuvant.

BACKGROUND OF INVENTION

Streptococcus preumoniae is a Oram-positive bacteria responsible for
considerable morbidity and mortality (particularly in the young and aged), causing
invasive diseases such as pneumonia, bacteremia and meningitis, and diseases
associated with colonisation, such as acute Otitis media. The rate of pneumococcal
pneumonia in the US for persons over 60 years of age is estimated to be 3 to 8 per
100,000. In 20% of cases this leads to bacteremia, and other manifestations such as
meningitis, with a moriality rate close to 30% even with antibiotic treatment.

Pneumococcus is encapsulated with a chemically linked polysaccharide which
confers serotype specificity. There are 90 known serotypes of pneumococci, and the
capsule is the principle virulence determinant for pueumococci, as the capsule not
only protects the inner surface of the bacteria from complement, but is itself poorly
immunogenic. Polysaccharides are T-independent antigens, and can not be processed
or presented on MHC molecules to interact with T-cells. They can however, stimulate
the immune system through an alternate mechanistn which involves cross-linking of
surface receptors on B cells.

It was shown in several experiments that protection against invasive
pneumococei disease is correlated most strongly with antibody specific for the
capsule, and the protection is serotype specific.

Polysaccharide antigen based vaccines are well known in the art. Four that
have been licensed for human use include the Vi polysaccharide of Salmonella typhi,

the PRP polysaccharide from Haemophilus influenzae, the tetravalent meningococcal
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vaccine composed of serotypes A, C, W135 and Y, and the 23-Valent pneumococcal
vaccine composed of the polysaccharides corresponding to serotypes 1, 2, 3, 4, 5, 6B,
7F, 8, 9N, 9V, 10A, 114, 12F, 14, 15B, 17F, 18C, 194, 19F, 20, 22F, 23F, and 33
(accounting for at least 90% of pneumnococcal ‘blood isolates).

The latter three vaccines confer protection against bacteria causing respiratory
infections resulting in severe morbidity and mortality in infants, yet these vaccines
have not been licensed for use in children less than two years of age because they are
inadequately immunogenic in this age group [Peltola ef aZ.(l_984), N. Engl. J. Med.
310:1561-1566]. Streptacoccus pneumoniae is the most comman. cause of invasive
bacterial disease and otitis media in infants and young children. Likewise, the elderly
mount poor responses to pneumococcal vaceines [Roghmann er al., (1987), J.
Gerontol. 42:265-270], hence the increased incidence of bacterial pneumonia in this
population [Verghese and Berk, (1983) Medicine (Balti.mbre) 62:271-285].

Strategies, which have been designed to overcome this lack of
immunogenicity in infants, include the linking of the polysaccharide to large
immunogenic proteins, which provide bystander T-cell help and which induce
immunological memory against the polysaccharide antigen to which it is conjugated.
Pneumococcal glycoprotein conjugate vaccines are currently being evaluated for
safety, immunogenicity and efficacy in various age groups.

The 23-valent wnconjugated pneumococcal vaccine has shown a wide
variation in clinical efficacy, from 0% to 81% (Fedson ef al. (1994) Arch Intern Med.
154: 2531-2535). The efficacy appears to be related to the risk group that is being
immunised, such as the elderly, Hodgkin’s disease, splenectomy, sickle cell disease
and agmnmélobuliuemics (Fine et al. (1994) Arch Intern Med. 154:2666-2677), and
also to the disease manifestation. The 23-valent vaccine does pot demonstrate
protection against pneumococcal pneurnonia (in certain high risk groups such as the
elderly) and otitis media diseases.

There is therefore a need for improved pneumococcal vaccine compositions,
particularly ones which will be more effective in the prevention or amelioration of
pneumococcal disease (particularly pneumonia) in the elderly and in young children.

The present invention provides such an improved vaccine.
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SUMMARY OF THE INVENTION

Accordingly the present invention provides a vaccine composition, comprising

at least one Strep z iae pok: haride antigen {preferably conjugated

to a protein catrier) and a Streptococcus pneumoniae protein antigen selected from the
group consisting of: Poly Histidine Triad family (Pht; e.g. PhtA, PhiB, PhtD, or
PhtE), Lyt family (e.g. LytA, LytB, or LytC), SpsA, Sp128, Sp130, Sp125, Spl01 and
Sp133, or truncate or immunologically functional equivalent thereof, optionally with 2
Thi adjuvant (an adjuvant inducing a predominantly Thl immune response).
Preferably both a pneumococcal protein and Thl adjuvant are included. Advantageous
compositions comprising combinations of the above pneumococcal proteins of the
invention with each other and with other pneumococcal proteins are also described.
The compositions of the invention are particularly suiteﬁ in the treatment of elderly
pneumonia. )

Pneumococcal polysaccharide vaccines (conjugated or not) may not be able to
protect against pneumonia in the elderly population for which the incidence of this
disease is very high. The key defense mechanism against the pneumocaccus is
opsonophagocytosis (a humoral B-cell / neutrophil mediated event caused by the
production of antibodies against the pneumococcal polysaccharide, the bacterium
eventually becoming phagocytosed), however parts of the involved opsonic
mechanisms are impaired in the elderly, ie. superoxide production by PMN
(polymorphonuclear ceﬂs), other reactive oxygen species production, mobilization of
PMN, apoptosis of PMN, deformability of PMN. Antibody respouses may also be
impaired in the elderly.

Contrary to the normally accepted dogma, normal levels of anti-capsular
polysaccharide antibodies may not be effective in complete clearance of bacteria, as
pneumococci may invade host cells to evade this branch of the immune system.

Surprisingly, the present inventors have ’fou.nd that by simultaneocusly
stimulating the cell mediated branch of the immune system (for instance T-cell
meditated immunity) in addition to the humoral brach of the immune system (B-cell
mediated), a synergy (or cooperation) may result which is capable of enhancing the

clearance of pneumococci from the host. This is a discovery which will aid the
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prevention (or treatment) of pmeumococcal infection in general, but will be
particularly important for the prevention (or treatment) of pueumonia in the elderly
whete polysaccharide based vaccines do not show efficacy.

‘Without wishing to be bound by any theory, the present inventors have found
that both arms of the immune system may synergise in this way if a pneumococcal
polysaccharide (preferably conjugated to a protein carrier) is administered with a
pneumococcal protein selected from the group consisting of: PhtA, PitD, PhtB, PhtE,
SpsA, LytB, LytC, LytA, Sp125, Sp101, Sp128, Spi30 and Sp133 (proteins which
can be processed and presented in the context of Class Il and MHC class I on the
surface of infected mammalian cells). Although one or more of these pneumococcal
proteins can trigger cell mediated immunity by itself, the inventors have also found
that the presence of a Th1 inducing adjuvant in the vaccine formulation helps this arm
of the immune system, and surprisingly further enhances the synergy between bath

arms of the immune system.
DESCRIPTION OF THE INVENTION

The present invention provides an improved vaccine particularly for the
prevention or amelioration of pnemococcal infection of the elderly (and/or infants and
toddlers).

In the context of the invention a patient is considered elderly if they are 55
years or over in age, typically over 60 years and more generally over 65 years.

Thus in one embodiment of the invention there is provided a vaccine
composition, suitable for use in the elderly (and/or Infants and toddlers) comprising at
least one Streprococcus pmeumoniae polysaccharide antigen and at least one
Streptococcus pnewmoniae protein antigen(s) selected from the group consisting of:
PhtA, PhtD, PhtB, PhtE, SpsA, LytB, LytC, LytA, Sp125, Sp101, Sp128, Sp130 and
Sp133. The vaccine may optionally comprise a Thl adjuvant.

In a second, preferred, embodiment, the present invention provides a vaccine
(suitable for the prevention of pneumonia in the elderty) comprising at least one (2, 3,
4,5,6,7,8,9or 10) Streptococcus preumoniae polysaccharide antigen(s) and at least

one Sireptococeus pneumoniae protein antigen selected from the group cousisting of:

4
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PhtA, PhtD, PhtB, PhtE, SpsA, LytB, LytC, LytA, Sp125, Sp101, Sp128, Sp130 and
Sp133, and, preferably, a Thl adjuvant.

In the above embodiments vaccines advantageously comprising combinations
of the above pneumocaccal proteins of the invention with each other and with other
pneumococcal proteins are also envisioned as described below.

Tt is envisaged that such a vaccine will be also useful in treating pneumococeal
infection (for instance otitis media) in other high risk groups of the population, such
as for infants or toddlers.

Streptococcus niae Polysaccharide Antigens of the Invention

Typically the Streptococcus preumoniae vaccine of the present invention will

comprise pok; I

ide antigens (p bly conjugated to a carrier protein), wherein
the polysaccharides are derived from at least four serotypes of poeumococcus.
Preferably the four serotypes include 6B, 14, 19F and 23F. More preferably, at least 7
serotypes are included in the composition, for example those derived from serotypes
4, 6B, 9V, 14, 18C, 19F, and 23F. More preferably still, at least 11 serotypes are
included in the composition, for example the composition in one embodiment
includes capsular polysaccharides derived from serotypes 1, 3, 4, 5, 6B, 7F, 9V, 14,
18C, 19F and 23F (preferably comjugated to a carrier protein). In a preferred
embodiment of the invention at least 13 polysaccharide antigens (preferably
conjugated to a carrier protein) are included, although further polysaccharide antigens,
for example 23 valent (such as serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 104, 114,
12F, 14, 15B, 17F, 18C, 194, 19F, 20, 22F, 23F and 33F), are also contemplated by
the invention.

For elderly vaccination (for instance for the prevention of pneumonia) it is
advantageous to include serotypes 8 and 12F (and most preferably 15 and 22 as well)
to the 11 valent antigenic composition described above to form a 15 valent vaccine,
whereas for infants or toddlers (where ofitis media ié of more concern) serotypes 6A
and 19A are advantageously included to form a 13 valent vaccine.

Although the above polysaccharides may be used in their full-length, native
form, it should be understood that size-reduced polysaccharides may also be used
which are still immunogenic (see for example EP 497524 and 497525).
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For the prevention/amelioration of pneumonia in the elderly (+55 years)
population and Otitis media in Infants (up to 18 months) and toddlers (typically 18
months to 5 years), it is a preferred embodiment of the invention to combine a
multivalent Streptococcus preumonia polysaccharide as herein described with a
Streptococcus preumoniae protein selected from the group consisting of: PhtA, PhtD,
PhiB, PhtE, SpsA, LytB, LytC, LytA, Sp125, Sp101, Sp128, Sp130 and Sp133, or
immunologically functional equivalent thereof. A combination of pneumococcal

proteins may also be advantageously utilised as described below.

Pneumococcal Proteins of the invention

For the purposes of this invention, “immunclogically functional equivalent” is
defined as a peptide of protein comprising at least one protective epitope from the
proteins of the invention. Such epitopes are characteristically surface-exposed, highly

conserved, and can elicit an bactericidal antibody response in a host or prevent toxic

effects. Preferably, the functional equivalent has at least 15 and preferably 30 or more

contiguous amino acids from the protein of the invention. Most preferably, fragments,
deletions of the protein, such as transmembrane deletion variants thereof (ie the use of
the extracellular domain of the proteins), fusions, chemically or genetically detoxified
derivatives and the like can be used with the proviso that they are capable of raising
substantially the same immune response as the pative protein. The position of
potential B-cell epitopes in a protein sequence may be readily determined by
identifying peptides that are both surface-exposed and antigenic using a combination
of two methods: 2D-structure prediction and antigenic index prediction. The 2D-
structure prediction can be made using the PSIPRED program (from David Jones,
Brunel Bioinformatics Group, Dept. Biological Sciences, Brunel University, Uxbridge
UB8 3PH, UK). The antigenic index can be calculated on the basis of the method
described by Jameson and Wolf (CABIOS 4:1 81-186>[1 9881).

The proteins of the invention are the following proteins, all of which are
exposed on the outer surface of the pneumococcus (capable of being recognised by a
host’s immune system during at least part of the life cycle of the pneumococcus), or

are proteins which are secreted or released by the pneumacoccus.
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The Streptococcus preumoniae protein of the invention is preferably selected
from the group consisting of: a protein from the polyhistidine triad family (Pht), a
protein from the Lyt family, a choline binding protein, proteins baving an LPXTG
motif (where X is an;; amino acid), proteins having a Type II Signal sequence motif of
LXXC (where X is any a;m'no acid), and proteins having a Type I Signal sequence
motif. Preferred examples within these categeries (or motifs) are the following
proteins (or truncate or immunologically functional equivalent thereof):

The Pht (Poly Histidine Triad) family comprises proteins PhtA, PhtB, PhtD,
and PhtE. The family is characterised by a lipidation sequence, two domains
separated by a proline-rich region and several histidine triads, possibly involved in
metal or nucleoside binding or enzymatic activity, (3-5) coiled-coil regions, a
conserved N-terminus and a heterogeneous C terminus. It is present' in all strains of
pneumococci tested. Homologous proteins have also been found in other Streptococﬁ
and Neisseria. Preferred members of the family comprise PhtA, PhtB and PhtD.
More preferably, it comprises PhtA or PhtD. It is understood, however, that the terms
Pht A, B, D, and E refer to proteins having sequences disclosed in the citations below
as well as naturally-occurring (and man-made) variants thereof that have a sequence
homology that is at least 90% identical to the referenced proteins. Preferably it is at
least 95% identical and most preferably it is 97% identical.

With regards to the Pht proteins, PhtA is disclosed in WO 98/18930, and is
also referred to Sp36. As noted abave, it is a protein from the polyhistidine triad
family and has the type IT signal motif of LXXC.

PhiD is disclosed in WO 00/37105, and is also referred to Sp036D. As noted
above, it also is a protein from the polyhistidine triad family and has the type II
LXXC signal motif.

PhiB is disclosed in WO 00/37105, and is also referred to Sp036B. Another
member of the PhtB family is the C3-Degrading Polypeptide, as disclosed in WO
00/17370. This protein also is from the polyhistidiné triad family and has the type IL
LXXC signal motif. A preferred immunologically functional equivalent is the protein
Sp42 disclosed in WO 98/18930. A PhtB truncate (approximately 79kD) is disclosed
in W099/15675 which is also considered a member of the PhtX family.

PhtE is disclosed in W000/30299 and is referred to as BVH-3.

7
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SpsA. is a Choline binding protein (Cbp) disclosed in WO 98/39450.

The Lyt family is membrane associated proteins associated with cell lysis.
The N-terminal domain comprises choline binding domain(s), however the Lyt family
does not have all the features found in the choline binding protein family (Cbp) family
noted below and thus for the present invention, the Lyt family is considered distinct
from the Cbp family. In conirast with the Cbp family, the C-terminal domain contains
the catalytic domain of the Lyt protein family. The family comprises LytA, B and C,

“With regards to the Lyt family, LytA is disclosed in Ronda et al., EBur T Biochem,

164:621-624 (1987). LytB is disclosed in WO 98/18930, and is also referred fo as
Spd6. LytC is also disclosed in WO 98/18930, and is also referred to as Sp91. A
preferred member of that family is LytC.

Another preferred embodiment are Lyt family truncates wherein “Lyt” is
defined above and “truncates” refers to proteins lacking 50% or more of the Choline
binding region. Preferably such proteins lack the entire choline binding region.

Sp125 is an example of a pneumococcal surface protein with the Cell Wail
Anchored motif of LPXTG (where X is any amino acid). Any protein within this class
of pneumococcal surface protein with this motif has been found to be useful within
the context of this invention, and is therefore considered a further protein of the
invention. Sp125 itself is disclosed in WO 98/18930, and is also known as ZmpB —a
zinc metalloproteinase.

Sp101 is disclosed in WO 98/06734 (where it has the reference # y85993. It is
characterised by a Type I signal sequence.

Sp133 is disclosed in WO 98/06734 (where it has the reference # y85992. It is
also characterised by a Type I signal sequence.

Sp128 and Sp130 are disclosed in WO 00/76540.

The proteins used in the present invention are preferably selected from the

group PhtD and PhtA, or a combination of both of these proteins.

Advantageous combination of one or more pneumococcal proteins of the invention
with other preumococcal proteins
In the vaccine of the invention, each of the above proteins of the invention

(preferably either or both of PhtD and PhtA) may also be beneficially combined with
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one or more preumococeal proteins from the following list: pneumolysin (also
referred to as Ply; preferably detoxified by chemical treatment or mutation) [WO
96/05859, WO 90/06951, WO 99/03884], PsaA and transmembrane deletion variants
thereof (Berry & Paton, Infect Immun 1996 Dec;64(12):5255-62), PspA and
transmermbrane delefion variants thereof (US 5804193, WO 92/14488, WO
99/53940), PspC and transmembrane deletion variants thereof (WO 97/09994, WO
99/53940), a member of the Choline binding protein (Cbp) family [e.g. CbpA and
transmembrane deletion variants thereof (WO 97/41151; WO 99/51266)],
Glyceraldehyde—3-phosphate — dehydrogenase (Infect. Immun, 1996 64:3544),
HSP70 (WO 96/40928), PepA (Sanchez-Beato et al. FEMS Microbiol Lert 1998,
164:207-14), M like protein (SB patent application No. EP 0837130), and adhesin
18627 (SB Patent application No. EP 0834568). The present invention also
encompasses immunologically functional equivalents or truncates of such proteins (as
defined above).

Concerning the Choline Binding Protein family, members of that family were
originally identified as pneumococcal proteins that could be purified by choline-
affininty chromatography. All of the choline-binding proteins are non-covalently
bound to phosphorylcholine moieties of cell wall teichoic acid and membrane-
associated lipoteichoic acid. Structurally, they have several regions in common over
the entire family, although ,the exact nature of the proteins (amino acid sequence,
length, etc.) can vary. In general, choline binding proteins comprise an N terminal
region (N), conserved repeat regions (R1 and/or R2), a proline rich region (P) and a
conserved choline binding region (C), made up of multiple repeats, that comprises
approximately one half of the protein. As used in this application, the term “Choline
Binding Protein family (Cbp)” is selected from the group consisting of Choline
Binding Proteins as identified in WO 97/41151, PbcA, SpsA, PspC, CbpA, CbpD,
and CbpG. CbpA is disclosed in WO 97/41151. CbpD and CbpG are disclosed in
WO 00/29434. PspC is disclosed in WO 97/09994. PbcA is disclosed in WO
98/21337. Preferably the Choline Binding Proteins are selected from the group
consisting of CbpA, PbcA, SpsA. and PspC.,

If a Cbp is the further protein utilised it may be a Cbp truncate wherein “Cbp”

is defined above and “truncate” refers to proteins lacking 50% or more of the Choline
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binding region (C). Preferably such proteins lack the entire choline binding region.
More preferably, the such protein truncates lack (i) the choline binding region and (i)
a portion of the N-terminal half of the protein as well, yet retain at least one repeat
region (R1 or R2). More preferably still, the truncate has 2 repeat regions (R1 and
R2). Examples of such preferred embodiments are NRIxRZ and R1xR2 as ilfustrated
in WO99/51266 or WQ99/51188, however, other choline binding proteins lacking a
similar choline binding region are also contemplated within the scope of this
invention.

Cbp truncate-Lyt truncate chimeric proteins (or fusions) may also be used in
the vaceine of the invention. Preferably this comprises NR1xR2 (or RIxR2) of Cbp
and the C-tém:inal portion (Cterm, i.¢., lacking the choline binding dcmains) of Lyt
(e.g., LytCCterm or Sp91Cterm). More preferably Chp is selected from the group
consisting of CbpA, PbeA, SpsA and PspC. More preferably still, it is CbpA.
Preferably, Lyt is LytC (also referred to as Sp91).

A PspA or PsaA truncate lacking the choline binding domain (C) and
expressed as a fusion protein with Lyt may also be used. Preferably, Lyt is LytC.

Preferred binations o [ proteins for the purposes of this invention
r P purp

Preferably the combination of proteins of the invention are selected from 2 or
more (3 or 4) different categories such as proteins having a Type IT Signal sequence
motif of LXXC (where X is any amino acid, e.g., the pelyhistidine triad family (Pht}),
choline binding proteins (Cbp), proteins having a Type I Signal sequence motif (e.g.,
§p101), proteins having a LPXTG motif (where X is any amino acid, e.g., Sp128,
Sp130), toxins (e.g., Ply); ctc. Preferred examples within these categories (or motifs)
are the proteins mentioned above, or immunologically functional equivalents thereof.
Toxin + Pht, toxin + Cbp, Pht + Cbp, and toxin + Pht + Cbp are preferred category
combinations.

Preferred beneficial comabinations include, but are not limited to, PhtD +
NRI1xR2, PhtD + NR1xR2-Sp91Cterm chimeric or fusion proteins, PhtD + Ply, PhiD
+ Sp128, PhtD + PsaA, PhtD + PspA, PhtA + NRIxR2, PhtA + NR1xR2-Sp91Cterm
chimeric or fusion proteins, PhtA + Ply, PhtA + Sp128, PhtA + PsaA, PhtA + PspA,
NRIxR2 + LytC, NR1xR2 + PspA, NRIxR2 + Psad, NRIxR2 + Sp128, RIxR2 +

10
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LytC, RIXR2 + PspA, RIxR2 + PsaA, R1xR2 + Spi28, RIxR2 + PhtD, RIxR2 +
PhtA. Preferably, NR1xR2 (or R1xR2) is from CbpA or PspC. More preferably itis
from CbpA.

A particularly preferred combination of pneumococcal proteins comprises Ply
(or a truncate or immunologically functional equivalent thereof) + PhtD (or a truncate
or immunologically functional equivalent thereof) + NRIxR2 (or R1xR2). Preferably,
NRIXR2 (or R1xR2) is from CbpA or PspC. More preferably it is from CbpA.

Without wishing to be bound by any theory, within the composition the
pneumococcal protein (or combinations described above} of the invention can help to
induce a T-cell mediated response against pneumococcal disease — particularly
required for protection against poewmonia — which cooperates with the humoral
branch of the immune system to inhibit invasion by pneumococci, and to stimulate
opsonophagocytosis. A further advantage of including the protein antigen is the
presentation of further antigens for the opsonophagocytosis process.

Accordingly in an embodiment of the invention there is provided a
Streptococcus preumoniqe vaccine comprising a pneumococeus polysaccharide
conjugate vaccine comprising polysaccharide antigens derived from at least four
serotypes, preferably at least seven serotypes, more preferably at least eleven
serotypes, and at least one, but preferably 2, 3, or 4, Streptococcus preumoniae
proteins selected from the group consisting oft PhtA, PhtD, PhtB, PhtE, SpsA, LytB,
LytC, LytA, Spi25, Spl01, Sp128, Sp130 and Sp133 (or a pneumococcal protein
combination as described above). Preferably one of the proteins is PhtA (or an
immunologically functional equivalent thereof). Mast preferably one of the proteins is
PhtD (or an immunologically functional equivalent thereof).

As mentioned above, a problem associated \yith the polysaccharide approach
to vaccination, is the fact that polysaccharides per se are poor immunogens. To
overcome this, polysacchatides may be conjugated to protein carriers, which provide
bystander T-cell help. It is prefecred, therefore, that the polysaccharides utilised in the
invention are linked to such a protein carrier. Bxamples of such carriers which are

currently commonly used for the production of polysaccharide immunogens include
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the Diphtheria and Tetanus toxoids (DT, DT CRM197 and TT respectively), Keyhole
Limpet Haemocyanin (KLH), OMPC from N. meningitidis, and the purified protein
derivative of Tuberculin (PPD).

A preferred carrier for the pneumococcal polysaccharide based immunogenic
compositions (or vaccines) is protein D from Haemaphilus influenzae (EP 594610-B),
or fragments thereof. Fragments suitable for use include fragments encompassing T-
helper epitopes. In particular a protein D fragment will preferably contain the N-
terminal 1/3 of the protein. A protein D carrier is surprisingly useful as a carrier in
vaccines where multiple pneumococcal polysaccharide antigens are comjugated.
Epitope suppression is usually likely to occur if the same carrier is used for each
polysaccharide. Surprisingly, the present inventors have found protein D is
particularly suitable for minimising such epitopic suppression effects in combination
vaccines. One or more pneumococcal polysaccharides in a combination may be
advantageously conjugated onto protein D, and preferably all antigens are conjugated
onto protein D within such a combination vaccine.

A further preferred carrier for the pneumococcal polysaccharide is the
preumocoecal protein itself (as defined above in section “Pneumococeal Proteins of
the invention™).

The polysaccharide may be linked to the carrier protein by any known method
(for example, by Likhite, U.S. Patent 4,372,945 and by Armor ez al., U.S. Patent
4,474,757). Preferably, CDAP conjugation is carried out (WO 95/08348).

Preferably the protein:polysaccharide (weight:weight) ratio of the conjugates
is 0.3:1 to 1:1, more preferably 0.6:1 to 0.8:1, and most preferably about 0.7:1.

The vaccines of the present invention are preferably adjuvanted. Suitable
adjuvants include an aluminium salt such as aluminium hydroxide gel (alum) or
aluminium phosphate, but may also be a salt of calcium, magnesium, iron or zine, or
may be an insoluble suspension of acylated tyrosiney, or acylated sugars, cationically

or anionically derivatised polysaccharides, or polyphos;

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

TH1 type of response to aid the cell mediated branch of the immune response.

THI Adjuvants of the Invention
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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 bumoral immune responses to the antigen.

It is important to remember that the distinction of Thl and Th2-type immune
response is not absolute. In reality an individual will support an immune response
which is described as being predominantly Thi or predominantly Th2. However, it is
often convenient to consider the famikies of cytokines in terms of that described in
murine CD4 +ve T cell clones by Mosmann and Coffinan (Mosmann, T.R. and
Coffiman, R.L. (1989) THI and TH2 cells: different patterns of lymphokine secretion
lead to different functional properties. Annual Review of Immuunology, 7, p145-173).
Traditionally, Thl-type responses are associated with the production of the INF-y and
IL-2 cytokines by T-lymphocytes. Other cytokines often directly associated with the
induction of Thl-type immune responses are not produced by T-cells, such as IL-12.
In contrast, Th2-type responses are associated with the secretion of Il-4, IL-5, IL-6,
IL-10. Suitable adjuvant systems which promote a predominantly Thl response
include: Monophosphoryl lipid A or a derivative thereof, particularly 3-de-O-acylated
monophosphoryl lipid A (3D-MPL) (for its preparation see GB 2220211 A); and a
combination of monophosphory! lipid A, preferably 3-de—0-acylated monophosphoryl
lipid A, together with either an aluminium salt (for instance aluminium phosphate or
aluminium hydroxide) or an oil-in-water emulsion. In such combinations, antigen and
3D-MPL are contained in the same particulate structures, allowing for more efficient
delivery of antigenic and immunostimulatory signals, Studies have shown that 3D-
MPL is able to further enhance the immunogenicity of an alum-adsorbed antigen
[Thoelen et al. Vaccine (1998) 16:708-14; EP 689454-B1].

An enbanced 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 invelving QS21, 3D-MPL and
tocopherol in an oil in water emulsion is described in WO 95/17210, and is a preferred

formulation.
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Preferably the vaccine additionally comprises a saponin, more preferably
QS21. The formulstion may also comprises an oil in water emulsion and tocopherol
(WO 95/17210).

The present invention also provides a method for producing a vaccine
formulation comprising mixing a protein of the present invention together with a
pharmaceutically acceptable excipient, such as 3D-MPL.

Unmethylated CpG containing oligonucleotides (WO 96/02555) are also
preferential inducers of a THI response and are suitable for use in the present

invention.

Particularly preferred compositions of the invention comprise one or more
conjugated pneumococcal polysaccharides, one or more pneumocoecal proteins of the
invention and a Thl adjuvant. Without wishing to be bound by any theory, the
induction of a cell mediated response by way of a pneumocaccal protein (as described
above) and the cooperation between both arms of the immune system may be aided
using such a Th-1 adjuvant, resulting in a particularly effective vaccine against
pneumococcal disease in general, and, importantly, against pneumococcal pneumonia
in the elderly.

In a further aspect of fhe present invention there is provided an immunogen or
vaccine as herein described for use in medicine.

In one embodiment there is a method of preventing or ameliorati.ug pneumonia
in an elderly buman (+55 years) comprising administering a safe and effective amount
of a vaccine, as described herein, comprising a Strepfoccocus pneumoniae
polysaccharide antigen and a pneumococcal protein selected from the group
consisting of: PhtA, PhtD, PhtB, PhtE, SpsA, LytB, LytC, LytA, Spl25, Spi01,
Sp128, Sp130 and Sp133, and optionally a Thl adjuvant, to said elderly patient.

In a further embodiment there is provided a method of preventing or
ameliorating atitis media in Infants (up to 18 months) or toddlers (typically 18 months
to S years), comprising administeting a safe and effective amount of a vaccine
comprising a Strepfococcus pneumoniae polysaccharide antigen and a Strepfococcus

preumoniae protein antigen selected from the group consisting of: PhtA, PhiD, PhtB,
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PhtE, SpsA, LytB, LytC, LytA, Spl25, Spl01, Spi28, Spl30 and Sp133, and
optionally a Thl adjuvant, to said Infant or toddler.

Preferably in the methods of the invention as described above the
polysaccharide antigen is present as a polysaccharide protein conjugate.

Vaccine Preparations of the Invention

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

The amount of conjugate antigen in each vaccine dose is selected as an amount
which induces an immunoprotective response without significant, adverse side effects
in typical vaccines. Such amount will vary depending upon which specific

immaunogen is employed and how it is presented. Generally, it is expected that each
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dose will comprise 0.1-100 pg of polysaccharide, preferably 0.1-50 ug, preferably
0.1-10 pg, of which 1 to § pg is the most preferable range.

The content of protein antigens in the vaccine will typically be in the range 1-
100pg, preferably 5-50ug, most typically in the range 5 - 25ug.

Optimal amounts of components 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 ome or several booster
immunisations adequately spaced: L

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 liposomes is described by Fullerfon, US Patent
4,235,877.

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 comeum, 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 mumber
of additional advantages. Intradermal vaccination with the vaccines described herein
forms a preferred feature of the present invention. .

The conventional technique of intradermal injection, the “mantoux procedure”,
comprises steps of cleaning the skin, and then stretching with one hand, and with the
bevel of a narrow gauge needle (26-31 gauge) facing upwards the needle is inserted at
an angle of between 10-15°. Once the bevel of the needle is inserted, the barrel of the
needle is 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
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5,649,912, US 5,569,189, US 5,704,911, US 5,383,851, US 5,893,397, US 5,466,220,
US 5,339,163, US 5,312,335, US 5,503,627, US 5,064,413, US 5,520, 639, US
4,596,556, US 4,790,824, US 4,941,880, US 4,940,460, WO 97/37705 and WO
97/13537. Alternative methods of intradermal administration of the vaccine
preparations may include conventional syringes and needles, or devices designed for
ballistic delivery of solid vaccines (WO 99/27961), or transdermal patches (WO
97/48440; WO 98/28037); or applied to the surface of the skin (transdermal or
transcutaneous delivery WO 98/20734 ; WO 98/28037).

‘When the vaccines of the present invention are to be administered to the skin,
or more specifically into the dermis, the vaceine is in a low liquid volume, particularly
a volume of between about 0.05 ml and 0.2 ml.

The content of antigens in the skin or intradermal vaccines of the present
invention may be similar to conventional doses as found in intramuscular vaccines
(see above). However, it is a feature of skin or intradermal vaccines that the
formulations may be “low. dose”. Accordingly the protein antigens in “low dose”
vaccines are preferably present in as little as 0.1 to 10ug, preferably 0.1 to 5 pg per
dose; and the polysaccharide (preferably conjugated) antigens may be present in the
range of 0.01-1pg, and preferably between 0.01 to 0.5 pig 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
lacated exclusively in the dermis. The dermis is the layer in the skin located between
about 1.0 and about 2.0 mm from the surface in human skin, but there is a certain
amount of variation between individuals and in different parts of the body. In general,
it can be expected to reach the dermis by going 1.5 mm below the surface of the skin.
The dermis is located between the stratum corneum and the epidermis at the surface
and the subcutaneous layer below. 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.

The present invention also contemplates combination vaccines which provide:

protection against a range of different pathogens. Many Paediatric vaccines are now

given as a combination vaccine so as to reduce the number of injections 2 child has to
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receive. Thus for Paediatric vaccines other antigens from other pathogens may be
formulated with the vaccines of the invention. For example the vaccines of the |
invention can be formulated with (or administered separately but at the same time) the
well known ‘trivalent’ combination vaccine comprising Diphtheria toxoid (DT),
tetanus toxoid (TT), and pertussis components [typically detoxified Pertussis toxoid
(PT) and filamentous haemagglutinin (FHA) with optional pertactin (PRN) and/or
agglutinin  1+2], for example the marketed vaccine INFANRIX-DTPa™
(SmithKlineBeecham Biologicals)  which contains DT, TT, PT, FHA and PRN
antigens, or with @ whole cell pertussis component for example as marketed by
SmithKlineBeecham Biologicals s.a., ag Tritaprbcm. The combined vaccine may also
comprise other antigen, such as Hepatitis B sufface antigen (HBsAg), Polio virus
antigens (for instance inactivated trivalent polio virus — IPV), Moraxella catarrhalis
outer membrane proteins, non-typeable Haemophilus influenzae proteins,
N.meningitidis B outer membrane proteins.

Examples of preferred Moraxella catarrhalis protein antigens which can be
inchuded in a combination vaccine {especially for the prevention of otitis media) are:
OMP106 [WO 97/41731 (Antex) & WO 96/34960 (PMC)]; OMP21; LbpA &/or
LbpB [WO 98/55606 (PMC)]; TbpA &/or TbpB [WO 97/13785 & WO 97/32980
(PMC)]; CopB [Helminen ME, ef al. (1993) Infect. Immun. 61:2003-2010]; UspAl
and/or UspA2 [WO 93/03761 (University of Texas)]; OmpCD; HasR
(PCT/EP99/03824); PilQ (PCT/EP99/03823); OMPSS (PCT/EP00/01468); lipo06
(GB 9917977.2); lipold (GB 9918208.1); lipoll (GB 9918302.2); lipol8 (GB
9918038.2); P6 (PCT/EP99/03038); D15 (PCI/EP99/03822); OmplAl
(PCT/EP99/06781); Hly3 (PCT/EP99/03257); and OmpE. Examples of non-typeable
Haemophilus influenzae antigens which can be included in a combination vaccine
(especially for the prevention of otitis media) include: Fimbrin protein [(US 5766608
- Ohio State Research Foundation)] and fusions comprising peptides therefrom [eg
LB1(f) peptide fusions; US 5843464 (OSU) or WQ 99/64067]; OMP26 [WO
97/01638 (Cortees)]; P6 [EP 281673 (State University of New York)]; TbpA and/or
TbpB; Hia; Hsf; Hind7; Hif; Hmwl; Hmw2; Hmw3; Hmwd4; Hap; D15 (WO
94/12641); protein D (EP 594610); P2; and P5 (WO 94/26304).
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Other combinations contemplated are the pneumococcal PS & protein of the
invention in combination with vital antigens, for example, from influenza (attenuated,
split, or subunit [e.g., surface glycoproteins newraminidase (NA) and haemagglutinin
(HA). See, ¢.g., Chaloupka I et al, Bur. Journal Clin. Microbiol. Infect. Dis. 1996,
15:121-127], RSV (e.g., F and G antigens or F/G fusions, see, eg, Schmidt A. C. etal,
T Virol, May 2001, p4594 — 4603), PIV3 (e.g., HN and F proteins, see Schmidt et al.
supra), Varcella (e.g, attenuated, glycoproteins 1.V, etc.), and any (or all)
componeni(s) of MMR (measles, mumps, rubetla).

A preferred Peadiatric combination vaccine contemplated by the present
invention for global treatment or prevention of otitis media comprises: one or more

Strep y> iae pol haride antigen(s) (preferably conjugated to protein

D), one or more pneumococcal proteins selected from the group consisting of: PhtA,
PhtD, PhtB, PhtE, SpsA, LytB, LytC, LytA, Sp125, Spl01, Sp128, Sp130 and Sp133
(or an immunologically functional equivalent thereof), and one or more surface-
exposed antigen from Moraxella catarrhalis and/or non-typeable Haemophilus
influenzae. Protein D can advantageously be used as a protein carrier for the
pneumococcal polysaccharides to overcome epitope suppression problems (as
mentioned above), and because it is in itself an immunogen capable of producing B-
cell mediated protection against non-typeable H. influenzae (ntHi). The Moraxella
catarrhalis or non-typeable Haemophilus influenzae antigens can be included in the
vaccine in a sub-unit form, or may be added as antigens present on the surface of outer

membrane vesicles (blebs) made from the bacteria.

Preferably the antigenic compositions (and vaccines) hereinbefore described
are lyophilised up until they are about to be used, at which point they are
extemporaneously reconstituted with diluent. More preferably they are lyophilised in
the presence of 3D-MPL, and are extemporaneously reconstituted with saline solution.
Alternatively, the protein and polysaccharide may be stored separately in a
vaccination kit (either or both components being lyophilised), the components being
reconstituted and either mixed prior to use or administered separately to the patient. A
Thl adjuvant (preferably 3D-MPL) may be present with either or bath of the

components.
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The lyophilisation of vaccines is well known in the art. Typically the liquid
vaccine is freeze dried in the presence of an anti-caking agent for instance sugars such
as sucrose or lactose (present at an initial conmcentration of 10-200 mg/ml).
Lyophilisation typically occurs over a series of steps, for instance a cycle starting at —
69 °C, gradually adjusting to —24 °C over 3 hours, then retaining this temperature for
18 hours, then gradually adjusting to —16 °C over 1 hour, then retaining this
temperature for 6 hours, then gradually adjusting to +34 °C over 3 hours, and finally
retaining this temperature over 9 hours.

Lyophilising the compositions results in a more stable composition (for
instance it prevents the breakdown of the polysaccharide antigens). The process is
also surprisingly responsible for a higher antibody titre against the pneumococcal
polysaccharides. This has been shown to be particularly significant for PS 6B
conjugates. Another aspect of the invention is thus a lyophilised antigenic
composition comprising a PS 6B conjugate adjuvanted with 3D-MPL (preferably
devoid of aluminium-based adjuvanis) and a pneumococcal protein selected from the
group consisting of: PhtA, PhtD, PhtB, PhtE, SpsA, LytB, LytC, LytA, Spl125, 8p101,
Sp128, 8p130 and Sp133.

EXAMPLES

The examples illustrate, but do not limit the invention.

Example 1

¢ o 2 7, . b orrid,
P {4 P o

The 1l-valent candidate vaccine includes the capsular polysaccharides
serotypes 1, 3, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F which were made essentially as
described in EP 72513. Each polysaccharide is activated and derivatised using CDAP
chemistry (WO 95/08348) and conjugated to the protein camier. All the
polysaccharides are conjugated in their native form, except for the serotype 3 (which

was size-reduced to decrease its viscosity).

Protein carrier:
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The protein carrier selected is the recombinant protein D (PD) from Non

btypeable Haemophilus influenzae, expressed in E. coli.

EXPRESSION OF PROTEIN D
Haemaophilus influenzae protein D
Genetic construction for protein D expression
Starting materials
The Protein D encoding DNA

Protein D is highly conserved among H. influenzae of all serctypes and non-
typeable strains. The vector pHIC348 containing the DNA sequence encoding the
entire protein D gene has been obtained from Dr. A. Forsgren, Department of Medical
Microbiology, University of Lund, Malmé General Hospital, Malmd, Sweden. The
DNA sequence of protein D has been published by Iansoﬁ etal. (1991) Infect. Immun.
59: 119-125.

The expression vector pMGI

The expression vecior pMGl is a derivative of pBR322 (Gross ef al., 1985) in
which bacteriophage A derived control elements for transcription and translation of
foreign inserted genes were introduced (Shatzman ef al., 1983). In addition, the

Ampicillin resistance gene was exchanged with the Kanamyein resistance gene.

The E. coli strain ARS8

The E. coli strain ARS8 was generated by transduction of N99 with a P1 phage
stock previously grown on an SA500 derivative (galE::TN10, lambdaKil' cI857 AH1).
N99 and SAS500 are E. coli K12 strains derived from Dr. Martin Rosenberg’s
laboratory at the National Institute of Health.

The expression vector pMG 1

For the production of protein D, the DNA encoding the protein has been
cloned into the expression vector pMG 1. This plasmid utilises signals from
lambdaphage DNA to drive the transcription and translation of inserted foreign genes.

The vector contains the prometer PL, operator OL and two utilisation sites (NutL and
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‘NutR) to relieve transcriptional polarity effects when N protein is provided (Gross et

al., 1985). Vectors containing the PL promoter, are introduced into an E. colf
Iysogenic host to stabilise the plasmid DNA. Lysogenic host strains contain
replication-defective lambdaphage DNA integrated into the genome (Shatzman ef al.,
1983). The chromosomal lambdaphage DNA directs the synthesis of the cI repressor
protein which binds to the OL repressor of the vector and prevents binding of RNA
polymerase to the PL promoter and thereby transcription of the inserted gene. The cl
gene of the expression strain ARS8 contains a temperature sensitive mutant so that PL
directed transctiption can be regulated by temperature shift, i.e. an increase in culture
temperatute inactivates the repressor and synthesis of the foreign protein is initiated.
This expression system allows controlled synthesis of foreign proteins especially of

those that may be toxic to the cell (Shimataka & Rosenberg, 1981).

The E. coli strain AR58

The ARS8 lysogenic E. coli strain used for the production of the protein D
carrier is a derivative of the standard NIB E. coli K12 strain N99 (F" su’ galK2, lacZ
thr ). It contains a defective lysogenic lambdaphage (galE::TN10, lambdaKil™ cI857
AH]1). The Kil phenotype prevents the shut off of host macromolecular synthesis. The
¢I857 mutation confers a temperature sensitive lesion to the I repressor. The AH1
deletion removes the lambdaphage right operon and the hosts bio, uvr3, and chiA loci.
The ARS8 strain was generated by transduction of N99 with a P1 phage stock
previously grown on an SA500 derivative (galE::TN10, lambdaKil cI857 AH1). The
introduction of the defective lysogen into N99 was selected with tetracycline by virtue
of the presence of a TN10 transposon coding for tetracyelin resistance in the adjacent

gall gene.

Constraction of vector pMGMDPPrD

The pMG 1 vector which contains the gene encoding the non-structural SL
protein of Influenzae virus (pMGNSI) was used to construct pMGMDPPrD. The
protein D gene was amplified by PCR from the pHIC348 vector (Janson ef al. 1991)
with PCR primers containing Ncol and Xbal restriction sites at the 5” and 3’ ends,
respectively. The Neol/Xbal fragment was then introduced into pMGNS1 between
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Neol and Xbal thus creating a fusion protein containing the N-terminal 81 amino
acids of the NS1 protein followed by the PD protein. This vector was labeled
PMGNSIPD.

Based on the construct described above the final construct for protein D
expression was generated. A BamHI/BamHI fragment was removed from
pMGNS1P1D. This DNA hydrolysis removes the NS1 coding region, except for the
first three N-terminal residues. Upon religation of the vector a gene encoding a fusion.

protein with the following N-terminal amino acid sequence has been generated:

---—~MDP SSHSSNMANT-----
NSt Protein D

The protein D does not contain a Jeader peptide or the N-terminal cysteine to
which lipid chains are normally attached. The protein is therefore neither excreted
into the periplasm nor lipidated and remains in the cytoplasm in a soluble form.

The final construct pMG-MDPP:D was introduced into the AR58 host strain
by heat shock at 37 °C. Plasmid containing bacteria were selected in the presence of
Kanamycin. Presence of the proiein D encoding DNA insert was demonstrated by
digestion of isolated plasmid DNA with selected endonucleases. The recombinant £.
coli strain is referred to as ECD4.

Expression of protein D is under the control of the lambda P, promoter/ Oy
Qperator, The host strain ARS8 contains a temperature-sensitive cI gene in the
genome which blocks expression from lambda Py, at low temperature by binding to
Op. Once the temperature is elevated ¢l is released from O, and protein D is
expressed. At the end of the fermentation the cells are concentrated and frozen.

The extraction from harvested cells and the purification of protein D was
performed as follows. The frozen cell culture pellet is thawed and resuspended in a
cell disruption solution (Citrate buffer pH 6.0) to a final ODgs, = 60. The suspension is
passed twice through a high pressure homogenizer at P = 1000 bar, The cell culture
homogenate is clarified by centrifugation and cell debris are removed by filtration. In
the first purification step the filtered lysate is applied to a cation exchange
chromatography column (SP Sepharose Fast Flow). PD binds to the gel matrix by
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jonic interaction and is eluted by a step increase of the ionic strength of the elution.
buffer.

In a second purification step impurities are retained on an anionic exchange
matrix (Q Sepharose Fast Flow). PD does not bind onto the gel and can be collected in
the flow through.

In both column chromatography steps fraction collection is monitored by OD.
The flow through of the aniomic exchange column chromatography containing the
purified protein D is concentrated by ultrafiltration.

The protein D containing ultrafiltration retentate is finally passed through a 0.2

um membrane.

Chemistry:
Activation and coupling chemistry:

The activation and coupling conditions are specific for each polysaccharide.
These are given in Table 1. Native polysaccharide (except for PS3) was dissolved in
NaCl 2M or in water for injection. The optimal polysaccharide concentration was
evaluated for all the serotypes.

From a 100 mg/ml stock selution in acetonitrile, CDAP (CDAP/PS ratio 0.75
mg/mg PS) was added to the polysaccharide solution. 1.5 minute later, 0.2M
triethylamine was added to obtain the specific activation pH. The activation of the
polysaccharide was performed at this pH during 2 minutes at 25 °C. Protein D (the
quantity depends on the initial PS/PD ratio) was added to the activated polysaccharide
and the coupling reaction was performed at the specific pH for 1 hour. The reaction
was then quenched with glycine for 30 minutes at 25 °C and overnight at 4 °C.

The conjugates were purified by gel filtration using a Sephacryl S00HR. gel
filtration column equilibrated with 0.2M NaCl.

The carbohydrate and protein content of the eluted fractions was determined.
The conjugates were pooled and sterile filtered on a 0.22pm sterilizing membrane.

The PS/Protein ratios in the conjugate preparations were determined.

Characterisation:
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Each conjugate was characterised and met the specifications described in
Table 2. The polysaccharide content (pg/ml) was measured by the Resorcinol test and
the protein content (ug/ml) by the Lowry test. The final PS/PD ratio (wiw) is

determined by the ratio of the concentrations.

Residual DMAP content (ng/ug PS):

The activation of the polfsaccha:ide with CDAP introduces a cyanate group in
the polysaccharide and DMAP (4-dimethylamino-pyridin) is liberated. The residual
DMAP content was determined by a specific assay developed at SB.

Free polysaccharide content (%):

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

An a-PS/e-PS ELISA was used fot the quantification of free polysaccharide
in the supernatant . The absence of conjugate was also controlled by an o-PD/a-PS
ELISA. Reducing the quantity of free polysaccharide results in an improved conjugate

vaceine.

Antigenicity:
The antigenicity on the same conjugates was analyzed in a sandwich-type
ELISA wherein the capture and the detection of antibodies were o-PS and a-PD

respectively.

Free protein content (%):

The level of “free” residual protein D was determined by using a method
with SDS treatment of the sample. The conjugate was heated 10 min at 100°C in
presence of SDS 0.1 % and injected on a SEC-HPLC gel filtration column (TSK
3000-PWXL). As protein D is dimer, there is a risk of overestimating the level of
“free” protein D by dissociation the structure with SDS.

Molecular size (K,,):
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The molecular size was performed on a SEC-HPLC gel filtration column
(TSK 5000-PWXL).

Stability:

The stability was measured on a HPLC-SEC gel filtration (TSK. 6000-PWXL)
for conjugates kept at 4°C and stored for 7 days at 37°C.

The 11-valent characterization is given in Table 2

The protein conjugates can be adsorbed onto aluminium phosphate and pooled

to form the final vaccine.

Conclusion:

Immunogenic conjugates have been produced, that have since been shown to
be components of a promising vaccine. The optimised CDAP conditions for the best
quality final conjugated pneumococcal polysaccharide product was discovered for
each of the 11 valencies.
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Table 1
Specific activation/coupling/quenching conditions of PS S.pneumeniae-Protein D
conjugates
Serotype 1 3 4 5 6B F
(pufluid.)
PS 2.0 3.0 2.0 7.5 5.4 3.0
conc.(mg/ml)
PS dissolution | NaCl |NaCl2M | H,0 H,0 |NaCl2M | NaCl2M
M .
PD 5.0 5.0 5.0 5.0 5.0 5.0
cone.(mg/ml)
Initial PS/PD 171 1/1 1 11 11 17t
Ratio (w/w)
CDAP conc. 0.75 0.75 0.75 0.75 0.75 0.75
(mg/mg P'S)
pH,=pH=pH, [9.0/9.0/5.09.0/3.0/9.0|9.0/9.0/9.0}9.0/9.0/9.0|9.5/9.5/9.0| 9.0/9.0/9.0
5
Serotype £1% 14 18C 19F 23F
S 2.5 2.5 2.0 4.0 33
cone.(mg/ml)
PS dissolution | NaCl2M | NaCl2M H0 NaCl 2M | NaCl2M
PD 5.0 5.0 5.0 5.0 50
cone.(mg/ml)
Initial PS/PD 1/0.75 1/0.75 /1 1/0.5 /1
Ratio (w/w)
CDAP conc. 0.75 0.75 075 | 075 0.75
(mg/mg PS)
pH=pH=pH, | 8.5/8.5/9.0 |9.0/9.0/9.0 |9.0/9.0/9.0 | 10/9.5/9.0{9.0/9.0/9.0
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Example 2 — Beneficial impact of the addition of one or more of the
pneumococcal proteins of the invention +/- 3D-MPL on the protective

effectiveness of PD-conjugated Il-valent polysaccharide vaccine against

p 1 lung colonization in mice
Immpuenological read-outs
ELISA dosage of pneumococcal protein-specific serum IgG

Maxisorp Nunc immunoplatés are coated for 2 hours at 37°C with 100 pl/well
of 2 pg/ml protein dituted in PBS. Plates are washed 3 times with NaCl 0.9% Tween-
20 0.05% buffer. Then, serial 2-fold dilutions (in PBS/ Tween-20 0.05%, 100 pl per
well) of an anti-protein serum reference added as a standard curve (starting at 670
ng/ml IgG) and serum samples (starting at a 1/10 dilution) are incubated for 30
minutes at 20°C under agitation. After washing as previously described, peroxydase-
conjugated goat anti-mouse IgG (Jackson) diluted 5000x in PBS/ Tween-20 0.05%
are incubated (100 plwell) for 30 minutes at 20°C under agitation. After washing,
plates are incubated for 15 min at room temperature with 100 pl/well of revelation
buffer (OPDA 0.4 mg/ml and H,0, 0.05% in 100mM pH 4.5 citrate buffer).
Revelation is stopped by adding 50 pl/well HCI IN. Optical densities are read at 490
and 620 nm by using Emax immunoreader (Molecular Devices). Antibody titre is
calculated by the 4 parameter mathematical method using SoftMaxPro software.

Opsonophagocylosis assay

The purpose of this assay is to reproducibly measure the opsonising capacity
of test serum samples against Strepfocaccus preumoniae serotypes 1,3, 4, 5, 6B, 7F,
9V, 14, 18C, 19F or 23F using a method adapted from the published standardized
method of the CDC (Steiner et al, Clinical and Diagnostic Laboratory Immunology 4:
415.1997).

This assay reproduces in vitro what occurs i vivo as the primary mechanism
of eliminating invading Sirepiococcus preumonige or pneumococci. That is
apsonization of the pneumococei followed by phagocytosis and then killing.
“Phagocytosis” is the procéss by which cells engulf material and enclose it within a

vacuole (phagosome) in the cytoplasm. Pneumococci are killed when they are
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phagocytised by healthy mammalian phagacytes. “Opsonization” is the process by
which phagocytosis is facilitated by the deposition of opsonins, e.g. antibody and
complement, on the antigen.

There have been numerous opsonophagocytic assays reported in the literature.
The standardized method of the CDC was tested in a multi-lab setting (Steiner et al,
ICAAC, Sept 16- 20, 2000, Toronto). This latter assay was adapted at SB since it
provided a basis for comparison. to other laboratories, it used reagents and controls
that are generally available, and it expressed the results as the titre (dilution) of serum.
able to facilitate killing of 50% of viable pneumococei, a unit that is commonly used
for this type of assay. Indeed, it was shown that the adapted assay could generate
results that correponded quite well with 4 other laboratories (Steiner et al, ICAAC,
Sept 16- 20, 2000, Toronto).

The phagocytic cell used in the assay is the HL60 cell line, which originated
from an individual with promyelocytic leukemia and was established as a continuous
cell line by Collins et al. in 1977 (Nature 270: 347-9). This cell line is composed of
undifferentiated hematopoietic cells, that is 85% blast cells and promyelocytes, 6%
myelocytes and 9% differentiated cells. Polar compounds can induce the
differentiation of the cells into at least two different lineages. N,N-dimethylformamide
induces granulocytic differentiation which yield polymorphonuclear-like cells (44%
myelocytes and metamyelocytes and 53% banded and segmented PMNs).

In Version A2 of the assay, the sera to be tested are heat-inactivated and 8
two-fold serial dilutions starting at 1/4 are made in 96-well microplates in HBSS
medium containing 0.3% BSA. The final volume of diluted serum in each well is
25ul.

Four volumes of HL&0 cells at 107 cells /ml (S or 6 days post differentiation
with Dimethy] formamide), 2 volumes of S pneumoniae bacteria (at the appropriate
dilution) and 1 volume of baby rabbit complement are mixed just prior to use, and 25
pl of the mixture is added to each well of the 96-we11 microplate containing the
diloted sera. For serotypes 1, and 6B, the amount of complement is increased to
12.5% final concentration, giving Version A3 of the assay.

After two hours incubation at 37°C under orbital shaking, the plate is put on

ice in order to stop the opsonophagocytosis reaction.
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An estimate is made of the the colony forming units (CFU) in each well by
overnight incubation at 37°C. The “opsonic titre” (OT) is defined as the reciprocal
dilution of the serum able to reduce by at least 50% the number of S. preumoniae
bacteria in the wells (ie., 50 % killing). The % killing is calculated by the following
fomulae:

% killing= (Mean CFU control wells — CFU sample) / Mean CFU control wells x 100

Pnen {intranasal challenge in OFI mice

Seven week-old OF 1 female mice are intranasally inoculated under anesthesia
with 5.10° CFU of mouse-adapted S. preumoniae serotype 2, 4 or 6B. Lungs are
removed at 6 hours after challenge and homogenized (Ultramax, 24000 rpm, 4°C) in
Todd Hewith Broth (THB, Gibco) medium. Serial 10-fold dilutions of lung
homogenates are plated overnight at 37°C onto Petri disixes containing yeast extract~
supplemented THB agar. Pneumococcal lung infection is determined as the number
of CFU/mouse, expressed as logarithmic weighted-average. Detection limit is 2.14 log
CFU/mouse.

Example 2A  3D-MPL adjuvant effect on anti-protein immune response

In the present example, we can evaluate the impact of 3D-MPL adjuvantation
on the immune response to the protein of the invention.

Groups of 10 female 6 week-old Balb/c mice are intramuscularly immunized
at days 0, 14 and 21 with 1 pg protein contained in either A: AIPO4 100 pg; or B:
AIPO4 100 pg + 5 pg 3D-MPL (3 de-O-acylated monophosphoryl lipid A, supplied
by Ribi Immunochem). ELISA IgG is measured in post-I1I sera.

Whichever the antigen, best immune responses can be shown to be induced in

animals vaccinated with 3D—MPL—suppIemehted formulations.

Example 2B Beneficial impact of the addition of a protein of the invention +/- 3D-
MPL adjuvant on the protective effectiveness of PD-comjugated Il-valent

polysaccharide vaccine against p ! lung colonization in OFI mice

intranasally challenged with serotype 2, 4 ar 6B.
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In the present example, we can evaluate the prophylactic efficacy of a vaccine
containing the 11-valent polysaccharide-protcin D conjugate, a protein of the
invention and AIPO4 + 3D-MPL adjuvants, compared to the classical AIPO4-
adsorbed 11-valent polysaccharide-protein D conjugate formulation.

Groups of 12 female 4 week-old OF1 mice are immunized subcutaneously at
days 0 and 14 with formulations containing A: 50 ug AIPO4; B: 0.1 pg PS/serotype
of PD-conjugated 11-valent polysaccharide vaccine + 50 pg AIPO4; or C: 0.1 pg
PS/serotype of PD-conjugated 11-valent polysaccharide vaccine + 10 pg protein of
the invention + 50 pg AIPO4 + 5 g 3D-MPL (supplied by Ribi Immunochem).
Challenge is done at day 21 as described above.

As can be shown by this method, a significant protection is conferred by the
11-valent polysaccharide conjugate vaccine supplemented with the protein of the
invention and adjuvanted with AIPQ4 + MPL. On the confrary, no significant
protection is observed in animals immunized with the 1l-valent polysaccharide
conjugate / AIPO4 formulation. This result can prove that the addition of the protein
of the invention and 3D-MPL adjuvant enhances the effectiveness of the 11-valent

polysaccharide conjugate vaccine against pneumonia.

Example 2C, immune correlates of the protection showed in example 2B

In order to establish the immune correlates of protection conferred in example

- 2B, by the 11-valent polysaccharide conjugate vaccine supplemented with a protein of

the invention and 3D-MPL, pre-challenge serological antibedy responses to
polysaccharide 2, 4 or 6B, and the protein of the invention can be measured as
described above.

Antibody titers are then compared to bacteria colony numbers measured in
lungs of the corresponding animals collected at 6 hours post-challenge. R* are
calculated on Log/Log linear regressions.

Calculated R* can show the absence of correiation between humoral immune
responses and protection for both antigens. Anti-6B (or 2 or 4) antibody titers are not
significantly different in the groups immunized with the 11-valent conjugate vaccine

or with the same vaccine supplemented with the protein of the invention and 3B-
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MPL. Therefore, the protection improvement seen with formulation C is not solely
due to a higher antibody response to polysaccharide 6B (or 2 or 4).

Taken together, the results can suggest that protection is not mediated by
humoral immune responses alone, but rather also by a cell-mediated immunity
induced by the protein antigen (preferably in the presence of 3D-MPL). This can give
additional support to the addition of protein antigen(s) and potent adjuvant(s) in the
preumococcal polysaccharide conjugate vaccine, so as to coordinate both arms of the

immune system for optimal protection.

Example 3 — The Cooperation of both arms of the Immune System in mice
actively immunised with a protein of the invention and passively immunised with

antibodies against ppeumococeal PS

Example 3A - Find the Concentration of Passively Administered Anti-6B-
Polysaccharide (anti-PS) Antibody Protecting Against Pneumonia

Method

Vaccine Groups: Four groups of 16 mice were passively immunised (ip.) on
day —1 with 100 ul of undiluted rat anti-polysaccharide antisera according to the
groups detailed below. (total 64 mice)

Group | Specificity | IgG Concentration in.
Antisera

Gl «-PS-6B |5 pg/ml.

G2 a-PS-6B | 2 pg/ml.

G3 a-PS-6B | 0.75 ug/ml.

G4 Control 0 pg/ml.

Animals: 64 male CD-1 mice from Charles River, Canada, weighing approx
35g (approx 10 weeks old).
Anesthesia: Mice were anesthetized with isoflurane (3%) ptus 02(1 L/min}.
Organism: S. pneumonige N1387 (serotype 6) was harvested from trypticase
soy agar plates (TSA) supplemented with 5% horse blood and suspended in 6 ml of
PBS. Immediately prior to infection, 1 ml bacterial suspension was diluted into 9 mi
33
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of cooled molten nutrient agar (BBL) and kept at 41°C. Mice received approx 6.0
1og10 cfu/mouse in a volume 50 ul.

Infection: On day O mice were anesthetized as described above and infected
with S. preumoniae N1387 (50 ul cooled bacterial suspension) by intra-bronchial
instillation via non-surgical intra-tracheal intubation. This method was described by
Woodnut and Berry (Antimicrob, Ag. Chemotherap. 43: 29 (1999)).

Samples: On day 3 post infection, 8 mice/group were sacrificed by CO2
overdose and lungs were excised and homogenized in 1 ml PBS. Tenfold serial
dilutions were prepared in PBS to epumerate viable bacterial numbers. Samples were
inoculated (20 pl) in triplicate onto TSA plates supplemented with 5% horse blood
and incubated overnight at 37 °C prior to evaluation. Further seis of mice were

sacrificed on day 7 and sampled as above.

Results:
TgG conc Bacterial numbers
(ug/ml) (log 10 cfu/lungs) at days post infection
in raf sera 3 8
5 6.7+£0.7 (1/7) 7.2%£0.7 (5/8)
2 6.5+0.7 (1/T) 6.9+ 1.8 (4/7)
0.75 7.710.5 (5/8) 4.83+1.4(2/8)
0 6.7 1.5 (3/6) 63%1.5 (3/9)

Figures in parenthesis are numbers of animals that died prior to sample time.

Conclusion: In general, there was no significant difference in bacterial numbers
isolated from any of the treatment groups. This indicates that no measurable
protection was afforded by the anti-polysaccharide antibody at concentrations up to
and including 5 pg/ml.

This is similar to what is observed in some human clinical trials, that is, anti-
polysaccharide antibody is insufficient to protect against pneumococcal pueumonia in

same populations.

Example 3B - Determine the protection from pneumonia afforded by active
administration of a protein of the invention with or without adjuvant, and synergy
with sub-optimal anti-PS antibody.
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Method

Animals: 128 male CD-1 mice (6 weeks old at old at immunisation, 10 weeks
old at infection) from Charles River, St. Constant, Quebec, Canada. Animals weighed
approx 20 gm at 6 weeks and 38g at 10 weeks.

Immunisations: Six groups of 16 mice are immunised by subcutaneous
injection on days —22 and —14 with 100 ul of vaccine as detailed below. (Total 128
mice). 3D-MPL is obtained from Ribi/Corixa.

On day -1, specific groups (see Table below) are immunised (i.p.100 ul})
passively with a concentration of 4.26 pg/ml (4 ml of 5 pg/ml + 1.3 ml of 2 pg/ml)
mouse anti-polysaccharide antibody.

Group | Injection | Vaccine given days —22, -14 Injection | Passive IgG
Volume | (Dosage ug) Volume | (day-1)
Active Passive

1-1 100 pl s.c. | Protein/AIPO4 (10/50) None

1-2 100 pl s.c. | Protein/MPL/AIPO4 (10/5/50) None

1-3 100 pl s.c. | Protein/AIPO4 (10/50) 100 Wl ip. | a-PS

1-4 100 pl s.c. | Protein/MPL/AIPO4 (10/5/50) {100 ulip. | a-PS

1-5 100 uls.c. | MPL/AIPO4 (5/50) 100 Wlip. | o-PS

1-6 100 pl s.c. | MPL/AIPO4 (5/50) None

Infection: On day 0, mice are anesthetized (3% isoflurane plus 1 L/min O,).
Bacterial inocula are prepared by barvesting growth of S prewmonice N1387
(serotype 6) fram trypticase soy agar plates (TSA) supplemented with 5% horse blood
and suspending in 6 ml of PBS. A fen-fold dilution (1ml plus 9mi) is prepared in
cooled molten nutrient agar (kept at 41 °C) immediately prior to infection. Mice are
infected by intra-bronchial instillation via intra-tracheal ntubation and receive
approximately 6.0 loglQ cfu/mouse in a volume of 50 pl. This method was described
by Woodnut and Berry (Antimicrob. Ag. Chemotherap. 43: 29 (1999)).

Samples: At 72 post infection, 8 mice/group are sacrificed by CO, overdose
and the lungs are excised and homogenized in 1 mi PBS. Tenfold serial dilutions are
prepared in PBS to enumerate viable bacterial numbers. Samples are inoculated (20

wl) in triplicate onto TSA. plates supplemented with 5% horse blood and incubated
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overnight 37 °C prior to evaluation. Further sets of mice are sacrificed on day 8 post-

infection and samples as above.

Analysis of Data
The outcome measure for comparison of treatment is the number of bacteria in

the lungs at 3 and 7 day post infection. Results can be presented as group means with.
standard deviations. Statistical analysis should be performed using the Students t-test
where a P value of <0.05 is considered significant.

As demonstrated above, anti-polysaccharide antibody alone (Group 1-5) can
be shown not to afford protection against growth of pneumococei in the lung.
Pneumococcal protein adjuvanted with AIPO4 (Group 1-1) may not confer protection
either, but will do to a betfer extent when Protein is cocqbined with 3D-MPL (Group
1-2).

Most significant protection can be seen in groups with both anti-
polysaccharide antibody and protein, particularly in the group having all three
elements, Protein, 3D-MPL and passively administered anti-polysaccharide antibody
{Group 1-4). This conclusion can also be supported by the mortality rate. Groups 1-3
and, particularly, 1-4 will have fewer deaths compared to the other groups.

Conelusion:

As the experiment is done with passively immunised animals, the synergistic
effect of also actively immunising with protein (+/- MPL) cannot be due to an
increase in the level of antibodies against the polysaccﬁaride antigen.

Significant protection against pneumococcal pneumonia can be seen in groups
immunised with both protein plus passively administered anti-polysaccharide
antibody, particularly if 3D-MPL is also present, indicating the synergy of this
combination.

If the anti-polysaccharide immunisation is caxﬁad aut actively (preferably with
conjugated polysaccharide), this effect will be even mare marked, as the effect of B-
cell memory, and constant levels of anti-PS antibody throughout the experiment will

contribute to the immune response cooperation.
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Example 4 - Method to determine synergy by correlate of protection

The principle mechanism of protection that the human body uses to eliminate
infecting pneumococcus is antibody mediated opsonophagocytosis (Bruyn et al. Clin.
Infect. Dis. 14: 251 (1992)). Whereas several ELISA methods have been developed to
measure the antibody conceniration to capsular polysaccharide as a correlate of
protection, it has become apparent that the in vitro opsonophagocytosis assay is a
better correlate of protection (Musher et al. I. Infect. Dis. 182: 158 (2000)).

The Pneumococcal proteins of the invention provide protection against
pneumococcal infection by mechanisms that are different from antibody mediated
opsonophagocytosis. In example 2, active immunisation with both conjugate and
protein can show a synergic effect, which can not be explained by the antibody
concentration differences since they are the same in boih groups. Thus the residual
protection that can be observed must come from a synergistic effect. Similarly, since
the antibody is added passively, the same conclusion can be reached in example 3.

In many cases, the pneumococcal proteins of the invention are surface
associated, and are expected to pravide some opsonic activity themselves. In this case
it is possible to distinguish the mechanism of protection via a quantitative measure of
the opsonising capacity of the the anti-pneumococcal protein, which can be used to
estimate the relative contribution of opsonic activity to other synergeic mechanisms of
protection.

In the mouse lung colonisation model, the relative protection of each vaccine
can be estimated from the clearance of bacteria from the lungs. Or alternatively, the
vaccine efficacy can be estimated from case rates, as normally determined for
vaceines.

% Protection = (CFU/lung Control — CFU/lung Vaccine)/(CFU/lung Control)
% Efficacy = (Cases Control — Cases Vaceine)/(Cases Control)

To determine the portion of the protection or .efﬁcacy that originates from the

synergistic effect, it is a matter of determining which portion of the efficacy would be

expected based on the ratio of the opsonic titres.
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In Example 3 above, the % protection byvthe combination is due to synergy
between the profein/antibody components as neither the protein nor the anti-
polysacharide antibody alone can provide much protection therselves.

It is possible to estimate the amount of protection of the synergeic effect on
the basis of the relative opsonic activity. If the opsonic activity afforded by a anti-
capsular polysacbaride antibody is X, and the opsonic activity afforded by anti-
pneumococcal protein antibody is Y, then the total opsonic activity can be shown to
be X + Y, and the relative portion of the opsonic activity of the protein would be
Y/X+Y. This is compared to the relative protective efficacy of a vaccine, where the
anti-polysaccharide portion of the vaccine provides a protective efficacy of A%, and
the protective efficacy of the vaccine of polysaccharide plus protein is B%. The
additional efficacy that can not be accounted by opsonic acitivity is then estimated as
Residual Protective Activity (Synergy) = B% - A% - B%* (Y/X+Y)

This example is not intended to limit the ways to estimate the effect of
synergy. Once other correlates of protection have been identified, they could be used

to estimate this synergisic effect.

All publications, including but not limited to patents and patent applications,
cited in this specification are herein incarporated by reference as if each individual
publication were specifically and individually indicated to be incorporated by

reference herein as though fully set forth.
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pneumoniae polysaccharide antigen and at least one Strepfococcus pneumoniae
protein antigen selected from the group consisting of: PhtA, PhiD, PhtB, PhtE, SpsA,
LytB, LytC, LytA, Sp125, Spl101, Sp128, Spl30 and Spl33, or immunologically
functional equivalent thereof.

2. The immunogenic composition of claim 1, wherein the polysaccharide antigen

is presented in the fotm of a polysaccharide-protein carrier conjugate.

3. The immunogenic composition of claim 2, wherein the carrier protein is
selected from the group consisting of: Diphtheria toxoid, Tetanus toxoid, CRM197,
Keyhole Limpet Hacmocyanin (KLH), protein derivative of Tuberculin (PPD), and
protein D from H. influenzae.

4. An immunogenic composition as claimed in any of claims 1 to 3 wherein the
vaccine comprises at least four pneumococcal polysaccharide antigens from different

serotypes.

5. An immunogenic composition as claimed herein additionally comprising an

adjuvant.

8. An immunogenic composition as claimed in claim 5, wherein the adjuvant

comprises an aluminium salt.

7. An immunogenic composition as claimed in claim 5, wherein the adjuvant is a

preferential inducer of a THI1 response.
8. An immunogenic composition as claimed in claim 7, wherein the adjuvant

comprises at least ane of the following: 3D-MPL, a saponin immunostimulant, or an

immunostimulatory CpG oligonucleotide.,
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9. An immunogenic composition as claimed in claim 8, wherein the adjuvant
comprises a carrier selected from the group comprising: an oil in water emulsion,

liposomes, and an aluminjum salt.

10.  An immunogenic composition composition as claimed herein for use as a

medicament.
11. A vaccine comprising the immunogenic composition of claims 1-9.

12. A method of preventing or ameliorating Streptocca;ms preumeoniae infection
in a patient over 55 years, comprising administering an effective amount of a vaccine
comprising a Streptococcus pneumoniae polysaccharide and at least one
Streptocaccus preumoniae protein selected from the group consisting of PhtA, PhiD,
PhtB, PhiE, SpsA, LytB, LyiC, LytA, Spl25, Spi01, Sp128, Sp130 and Sp133, and
optionally a TH1 inducing adjuvant.

13.  Use of a pueumecoccal polysaccharide antigen in combination with a
Streptoccocus pneumoniae protein antigen selected from the group consisting of
PhtA, PhtD, PhiB, PhtE, SpsA, LytB, LytC, LytA, Spl125, Sp101, Sp128, Sp130 and
Spl33, and optionally a THI inducing adjuvant, in the manufacture of a medicament

for the prevention or treatment of pneumonia in patients over 55 years.

14.  Use of a poeumococcal polysaccharide antigen in combination with a
Streptoccocus preumoniae protein antigen selected from the group consisting of
PhtA, PhtD, PhtB, PhtE, SpsA, LytB, LytC, LytA, Spl25, Sp101, Sp128, Spl30 and
Sp133, and optionally a THI inducing adjuvant, in the manufacture of a medicament

for the prevention or treatment of otitis media in infants or toddlers.
15. A method of making an immunogenic composition as claimed herein,

comprising the steps of:

selecting one or more pneumococeal polysaccharide antigen(s);
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selecting one or more pnewmococeal protein antigen(s) from the group
consisting of PhtA, PhtD, PhiB, PhiE, SpsA, LytB, LytC, LytA, Spl25, Spiol,
Sp128, Sp130 and Sp133; and

mixing said polysaccharide and protein antigens with a suitable excipient.

16. A method of preventing or ameliorating Otitis media in Infants, comprising

" administering a safe and effective amount of a vaccine comprising a Strepfococcus

preumoniae polysaccharide antigen and a Streptococcus preumoniae protein antigen
selected from the group consisting of PhtA, PhtD, PhtB, PhtE, SpsA, LytB, LytC,
LytA, Sp125, Sp101, Sp128, Sp130 and Sp133, optionally with a TH1 adjuvant, to
said Infant.
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