
BICYCLIC DERIVATIVES AS P3 8 KINASE INHIBITORS Field
of the invention The present invention relates to a
new series of bicyclic derivatives, to processes to
prepare them, to pharmaceutical compositions
comprising these compounds as well as to their use in
therapy. Background of the invention Kinases are
proteins involved in different cellular responses to
external signals. In the Nineties, a new family of
kinases called MAPK {mitogen-activated protein
kinases) was discovered. MAPK activate their
substrates by phosphorylation in serine and threonine
residues. MAPK are activated by other kinases in
response to a wide range of signals including growth
factors, pro-inflammatory cytokines, UV radiation,
endotoxins and osmotic stress. Once they are
activated, MAPK activate by phosphorylation other
kinases or proteins, such as transcription factors,
which, ultimately, induce an increase or a decrease in
expression of a specific gene or group of genes. The
MAPK family includes kinases such as p38, ERK
(extracellularregulated protein kinase) and JNK {C-Jun
N-terminal kinase). p38 kinase plays a crucial role in
cellular response to stress and in the activation
pathway in the synthesis of numerous cytokines,
especially tumor necrosis factor (TNF-a) ,
interleukin-1 (IL-1), interleukin-6 (IL-6) and
interleukin-8 (IL-8). IL-1 and TNF-a are produced by
macrophages and monocytes and are involved in the
mediation of immunoregulation processes and other
physiopathological conditions. For example, elevated
levels of TNF-a are associated with inflammatory and
autoimmune diseases and with processes that trigger
the degradation of connective and bone tissue such as
rheumatoid arthritis, osteoarthritis, diabetes,
inflammatory bowel disease and sepsis. Thus, it is
believed that p38 kinase inhibitors can be useful to
treat or prevent diseases mediated by cytokines such
as IL-1 and TNF- a, such as theones mentioned above.
On the other hand, it has also been found that p38
inhibitors inhibit other pro-inflammatory proteins
such as IL-6, IL-8, interferon-g and GM-CSF
(granulocyte-macrophage colony-stimulating factor).
Moreover, in recent studies it has been found that p38
inhibitors not only block cytokine synthesis but also
the cascade of signals that these induce, such as
induction of the cyclooxygenase-2 enzyme (COX-2).
Accordingly, it would be desirable to provide novel
compounds which are capable of inhibiting the p38
kinase. WO 2004/108672 discloses compounds containing
a isoindolin-1-one moiety as inhibitors of certain
protein tyrosine kinases, particularly KDR.
Description of the invention One aspect of the present
invention relates to the compounds of general formula
I I wherein: A represents CRiR 2 or NR3; Ri and R
independently represent C1-4 alkyl; R3 represents
-(CH2)P-Cy1, or C 6 alkyl optionally substituted with
one or more R7; m represents 1 or 2; R4 represents
-B-R8;R5 represents hydrogen, C1-4 alkyl, halogen or
Ci 4 alkoxy; R6 can be attached to any available
carbon atom of the phenyl ring and represents halogen
or methyl; n represents 0 or 1; B represents -CONR 9-
, -NR 9CO- or -NR 9CONR 9-; R7 represents hydroxy, Ci
-4 alkoxy, halogen, -NRi ORio or phenyl optionally
substituted with one or more groups selected from Ci -
alkyl, halogen, Ci -4 alkoxy, Ci - haloalkyl and Ci -4
haloalkoxy, and additionally two R7 groups on the same
carbon atom can be bonded together to form a -(CH 2)q-
group; R8 represents Ci -6 alkyl or -(CH 2)P-Cy 2; p
represents 0, 1 or 2; q represents 2, 3, 4 , 5 or 6;
Cy1 represents phenyl, heteroaryl, C3-7 cycloalkyl or
heterocyclyl, which can all be optionally substituted
with one or more Rn; Cy2 represents phenyl, heteroaryl
or C3-7 cycloalkyl, which can all be optionally
substituted with one or more R12; R9 and R10
independently represent hydrogen or Ci -4 alkyl; R 11
represents halogen, R13, -OR 13 -NO 2, -CN, -COR 13 ,
-CO 2R13 -CONR 14 Ri 4 , -NR 14 R14 , -NRi 4 CORi 3',
-NR 14 CONRi 4 R14' , -NRi 4 CO2Ri 3, -NR 14 SO2Ri 3,
-SR 13', -SOR 13 , -SO 2R13, -SO 2NR14 R14' , or Cy3;
R12 represents Ci -4 alkyl, halogen, Ci -4 alkoxy, Ci
-4 haloalkyl, Ci -4 haloalkoxy, or Cy3; R13 represents
Ci -4 alkyl, C1-4 haloalkyl or Ci -4 hydroxyalkyl; Ri
3 represents hydrogen or Ri 3; Ru represents Ci -4
alkyl or Ci -4 hydroxyalkyl; Ri 4 represents hydrogen
or Ri 4; and Cy3 represents phenyl, heteroaryl, C3-7
cycloalkyl or heterocyclyl, which can all be
optionally substituted with one or more groups
selected from Ci -4 alkyl, halogen, Ci -4 alkoxy, C1-4
haloalkyl and C1-4 haloalkoxy. The present invention
also relates to the salts and solvates of the
compounds of formula I . Some compounds of formula I
can have chiral centres that can give rise tovarious
stereoisomers. The present invention relates to each
of these stereoisomers and also mixtures thereof. The
compounds of formula I are p38 kinase inhibitors and
also inhibit the production of cytokines such as
TNF-a. Thus, another aspect of the invention relates
to a compound of general formula I I wherein: A
represents CR1R2 or NR3; Ri and R2 independently
represent C1-4 alkyl; R3 represents -(CH2)P-Cy 1, or
Ci-6 alkyl optionally substituted with one or more R ;
m represents 1 or 2; R4 represents -B-R 8; R5
represents hydrogen, C1-4 alkyl, halogen or C1-4
alkoxy; R6 can be attached to any available carbon
atom of the phenyl ring and represents halogen or
methyl; n represents 0 or 1; B represents -CONR 9- ,
-NR9CO- or -NR9CONR9- ; R7 represents hydroxy, C1-4
alkoxy, halogen, -NR1ORiO or phenyl optionally
substituted with one or more groups selected from C1-4
alkyl, halogen, Ci -4 alkoxy, C1-4 haloalkyl and C1-4
haloalkoxy, and additionally two R7 groups on the same
carbon atom can be bonded together to form a -(CH2)q-
group; R8 represents C1-6 alkyl or -(CH2)P-Cy2;p
represents O1 1 or 2; q represents 2 , 3 , 4, 5 or 6;
Cy1 represents phenyl, heteroaryl, C3-7 cycloalkyl or
heterocyclyl, which can all be optionally substituted
with one or more R1 1 ; Cy2 represents phenyl,
heteroaryl or C3-7 cycloalkyl, which can all be
optionally substituted with one or more Ri 2; R9 and
R10 independently represent hydrogen or Ci -4 alkyl;
Rn represents halogen, R13, -ORi 3 , -NO2, -CN, -CORi
3 , -CO 2Ri 3 , -CONRi 4R14' , -NR 14 R14 , -NRi 4
CORi 3', -NR 14 CONR 14 Ri 4' , -NRi 4 O2Ri 3, -NR 14
SO2R13 , -SR 13' , -SOR 13, -SO 2Ri 3, -SO2NR14 R14' ,
or Cy3; R12 represents C1-4 alkyl, halogen, Ci -4
alkoxy, Ci -4 haloalkyl, Ci -4 haloalkoxy, or Cy3; R13
represents Ci -4 alkyl, Ci -4 haloalkyl or C1-4
hydroxyalkyl; R13' represents hydrogen or R13; R14
represents C1-4 alkyl or Ci -4 hydroxyalkyl; Ri4'
represents hydrogen or R14 ; and Cy3 represents
phenyl, heteroaryl, C3-7 cycloalkyl or heterocyclyl,
which can all be optionally substituted with one or
more groups selected from C1-4 alkyl, halogen, C1-4
alkoxy, Ci -4 haloalkyl and Ci -4 haloalkoxy, for use
in therapy. Another aspect of this invention relates
to a pharmaceutical composition which comprises a
compound of formula I or a pharmaceutically acceptable
salt thereof and one or more pharmaceutically
acceptable excipients. Another aspect of the present
invention relates to the use of a compound of formula
I or a pharmaceutically acceptable salt thereof for
the manufacture of a medicament for the treatment or
prevention of diseases mediated by p38. Another aspect
of the present invention relates to the use of a
compound of formula I or a pharmaceutically acceptable
salt thereof for the manufacture of a medicament for
the treatment or prevention of diseases mediated by
cytokines. Another aspect of the present invention
relates to the use of a compound of formula I or a
pharmaceutically acceptable salt thereof for the
manufacture of a medicament for the treatment or
prevention of diseases mediated by TNF- a, IL-1 , IL-6
and/or IL-8.Another aspect of the present invention
relates to the use of a compound of formula I or a
pharmaceutically acceptable salt thereof for the
manufacture of a medicament for the treatment or
prevention of a disease selected from immune,
autoimmune and inflammatory diseases, cardiovascular
diseases, infectious diseases, bone resorption
disorders, neurodegenerative diseases, proliferative
diseases and processes associated with the induction
of cyclooxygenase-2. Another aspect of the present
invention relates to the use of a compound of formula
I or a pharmaceutically acceptable salt thereof for
the treatment or prevention of diseases mediated by
p38. Another aspect of the present invention relates
to the use of a compound of formula I or a
pharmaceutically acceptable salt thereof for the
treatment or prevention of diseases mediated by
cytokines. Another aspect of the present invention
relates to the use of a compound of formula I or a
pharmaceutically acceptable salt thereof for the
treatment or prevention of diseases mediated by TNF-a,
IL-1 , IL-6 and/or IL-8. Another aspect of the present
invention relates to the use of a compound of formula
I or a pharmaceutically acceptable salt thereof for
the treatment or prevention of a disease selected from
immune, autoimmune and inflammatory 



diseases, cardiovascular diseases, infectious
diseases, bone resorption disorders, neurodegenerative
diseases, proliferative diseases and processes
associated with the induction of cyclooxygenase-2.
Another aspect of the present invention relates to a
method of treating or preventing a disease mediated by
p38 in a subject in need thereof, especially a human
being, which comprises administering to said subject a
therapeutically effective amount of a compound of
formula I or a pharmaceutically acceptable salt
thereof. Another aspect of the present invention
relates to a method of treating or preventing a
disease mediated by cytokines in a subject in need
thereof, especially a human being, which comprises
administering to said subject a therapeutically
effective amount of a compound of formula I or a
pharmaceutically acceptable salt thereof. Another
aspect of the present invention relates to a method of
treating or preventing a disease mediated by TNF-a,
IL-1 , IL-6 and/or IL-8 in a subject inneed thereof,
especially a human being, which comprises
administering to said subject a therapeutically
effective amount of a compound of formula I or a
pharmaceutically acceptable salt thereof. Another
aspect of the present invention relates to a method of
treating or preventing a disease selected from immune,
autoimmune and inflammatory diseases, cardiovascular
diseases, infectious diseases, bone resorption
disorders, neurodegenerative diseases, proliferative
diseases and processes associated with the induction
of cyclooxygenase-2 in a subject in need thereof,
especially a human being, which comprises
administering to said subject a therapeutically
effective amount of a compound of formula I or a
pharmaceutically acceptable salt thereof. Another
aspect of the present invention relates to a process
for the preparation of a compound of formula I as
defined above, which comprises: (a) reacting a
compound of formula Il with a compound of formula III
"I " I wherein A, R , R5, Re, m and n have the meaning
described above, Y represents halogen or
trifluoromethanesulfonate, and each R and Rj represent
H or C-i^alkyl or they can be linked together to form
together with the B and O atoms a five or six-membered
ring which can be optionally substituted by one or
more methyl groups; or (b) when in a compound of
formula I R4 represents -CONRgR8, reacting a compound
of formula IV with an amine of formula HNR SR (V)IV
wherein A, R5, R6, Re, R9, m and n have the meaning
described above; or (c) when in a compound of formula
I R4 represents -NHCORs, reacting a compound of
formula Vl with an acid of formula R8COOH (VII) Vl
wherein A, R5, R , Re, m and n have the meaning
described above; or (d) when in a compound of formula
I R4 represents -NHCONHR 8, reacting a compound of
formula Vl with an isocyanate of formula R8NCO (VIII);
or (e) converting, in one or a plurality of steps, a
compound of formula I into another compound of formula
I. In the above definitions, the term Ci-n alkyl, as a
group or part of a group, means a straight or branched
alkyl chain which contains from 1 to n carbon atoms.
When n is 4 , it includes the groups methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl and
terf-butyl. When n is 6 , examples include among
others the groups methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, terf-butyl, pentyl,
isopentyl, neopentyl and hexyl. A Ci-4 haloalkyl group
means a group resulting from the replacement of oneor
more hydrogen atoms from a Ci^alkyl group with one or
more halogen atoms (i.e. fluoro, chloro, bromo or
iodo), which can be the same or different. Examples
include, among others, trifluoromethyl, fluoromethyl,
1-chloroethyl, 2-chloroethyl, 1-fluoroethyl,
2-fluoroethyl, 2-bromoethyl, 2-iodoethyl,
2,2,2-trifluoroethyl, pentafluoroethyl,
3-fluoropropyl, 3-chloropropyl,
2,2,3,3-tetrafluoropropyl,
2,2,3,3,3-pentafluoropropyl, heptafluoropropyl,
4-fluorobutyl and nonafluorobutyl. A C1-4 alkoxy group
means an alkoxy group having from 1 to 4 carbon atoms,
the alkyl moiety having the same meaning as previously
defined. Examples include methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, sec-butoxy and
terf-butoxy. A C1-4 haloalkoxy group means a group
resulting from the replacement of one or more hydrogen
atoms from a C1-4 alkoxy group with one or more
halogen atoms (i.e. fluoro, chloro, bromo or iodo),
which can be the same or different. Examples include,
among others, trifluoromethoxy, fluoromethoxy,
1-chloroethoxy, 2-chloroethoxy, 1-fluoroethoxy,
2-fluoroethoxy, 2-bromoethoxy, 2-iodoethoxy,
2,2,2-trifluoroethoxy, pentafluoroethoxy,
3-fluoropropoxy, 3-chloropropoxy, 2,2,3,3-
tetrafluoropropoxy, 2,2,3,3,3-pentafluoropropoxy,
heptafluoropropoxy, 4- fluorobutoxy and
nonafluorobutoxy. A C1-4 hydroxyalkyl group means a
group resulting from the replacement of one or more
hydrogen atoms from a Ci -4 alkyl group with one or
more hydroxy groups. Examples include, among others,
hydroxymethyl, 1-hydroxy ethyl, 2- hydroxyethyl,
1,2-dihydroxyethyl, 3-hydroxypropyl, 2-hydroxypropyl,
1- hydroxypropyl, 2,3-dihydroxypropyl, 4-hydroxybutyl,
3-hydroxybutyl, 2- hydroxy butyl and 1-hydroxy butyl.
A halogen radical means fluoro, chloro, bromo or iodo.
A C3-7 cycloalkyl group means a saturated monocyclic
hydrocarbon ring having 3 to 7 carbon atoms, i.e.
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycloheptyl. The term heteroaryl means an aromatic 5-
or 6-membered monocyclic or 8- to 12-membered bicyclic
ring which contains from 1 to 4 heteroatoms selected
from N, S and O. The heteroaryl group can be linked to
the rest of the molecule through any available carbon
or nitrogen atom. N atoms in the ring can be
optionally oxidized forming N+O . The heteroaryl group
can be optionallysubstituted as disclosed above in the
definitions of Cy1, Cy2 and Cy3; if substituted, the
substituents can be the same or different and can be
placed on any available position in the ring. Examples
of heteroaryl groups include among others 1,2,4-
oxadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-oxadiazolyl,
1,3,4-thiadiazolyl, furyl, imidazolyl, isoxazolyl,
isothiazolyl, oxazolyl, pyrazolyl, pyrrolyl,
thiazolyl, thienyl, 1,2,3-triazolyl, 1,2,4-triazolyl,
pyrazinyl, pyridazinyl, pyridinyl, pyrimidinyl,
benzimidazolyl, benzofuranyl, benzothiazolyl,
benzothiophenyl, imidazopyrazinyl, imidazopyridazinyl,
imidazopyridinyl, imidazopyrimidinyl, indazolyl,
indolyl, isoindolyl, isoquinolinyl, naphthiridinyl,
pyrazolopyrazinyl, pyrazolopyridinyl,
pyrazolopyrimidinyl, purinyl, quinazolinyl, quinolinyl
and quinoxalinyl. A heterocyclyl group means a 3- to
7-membered monocyclic carbocyclic ring or an 8- to
12-membered bicyclic carbocyclic ring which can be
saturated or partially unsaturated (i.e. non-aromatic)
and which contains from 1 to 4 heteratoms selected
from N, S and O, and wherein said ring can be linked
to the rest of the molecule through any available
carbon or nitrogen atom. Additionally, one or more C
or S atoms in the ring can be optionally oxidized,
forming CO, SO or SO2 groups. The. heterocyclyl group
can be optionally substituted as disclosed above in
the definitions of Cy and Cy ; if substituted, the
substituents can be the same or different and can be
placed on any available position in the ring.
Preferably, the heterocyclyl is a 3- to 7-membered
monocyclic ring. More preferably, the heterocyclyl
ring has 5 or 6 ring atoms. Examples of heterocyclyl
groups include, but are not limited to, aziridinyl,
oxiranyl, oxetanyl, imidazolidinyl, isothiazolidinyl,
isoxazolidinyl, oxazolidinyl, pyrazolidinyl,
pyrrolidinyl, thiazolidinyl, dioxanyl, morpholinyl,
piperazinyl, piperidinyl, pyranyl, tetrahydropyranyl,
azepinyl, oxazinyl, oxazolinyl, pyrrolinyl,
thiazolinyl, pyrazolinyl, imidazolinyl, isoxazolinyl,
isothiazolinyl, tetrahydroisoquinolinyl,
2-oxo-pyrrolidinyl, 2-oxo-piperidinyl,
4-oxopiperidinyl, 2-oxopiperazinyl, 2(1 H)-pyridonyl,
2(1H)-pyrazinonyl, 2(1 H)- pyrimidinonyl,
2(1H)-pyridazinonyl and phthalimidyl. In the previous
definition of heteroaryl, when the specified examples
refer to a bicycle in general terms, all possible
dispositions of the atoms are included. For example,
the term pyrazolopyridinyl is to be understood as
including groups such as 1H-pyrazolo[3,4-/?]pyhdinyl,
pyrazolo[1 ,5-a]pyridinyl, 1H-pyrazolo[3,4- f
yridinyl, 1H-pyrazolo[4,3-c]pyridinyl and
1H-pyrazolo[4,3-b]pyridinyl; the termimidazopyrazinyl
is to be understood as including groups such as
1H-imidazo[4,5- b]pyrazinyl, imidazo[1 ,2-a]pyrazinyl
and imidazo[1 ,5-a]pyrazinyl and the term
pyrazolopyrimidinyl is to be understood as including
groups such as 1Hpyrazolo[ 3,4-d]pyrimidinyl,
1H-pyrazolo[4,3-d]pyrimidinyl, pyrazolo[1 ,5-
a]pyrimidinyl and pyrazolo[1 ,5-c]pyrimidinyl. The
expression "optionally substituted with one or more"
means that a group can be substituted with one or
more, preferably with 1, 2 , 3 or 4 substituents, more
preferably with 1 or 2 substituents, provided that
said group has enough positions available susceptible
of being substituted. When present, said substituents
can be the same or different and can be placed on any
available position. In a compound of formula I1 the
group R6 can be absent (n=0) or present (n=1). When R
Q is present, it can be placed on any available
position on the phenyl ring. When in a definition of a
substituent two or more groups bearing the same
numbering are shown (e.g. -NR9CONR9- , -NRi ORio,
-NR14 CONRi 4 R14 , etc), this does not mean that they
have to be identical. Each of them is independently
selected from the list of possible meanings provided
for that group, and therefore they can be the same or
different. The invention thus relates to the compounds
of formula I as defined here above. In another
embodiment, the invention relates to compounds of
formula I wherein A represents CR1R2. In another
embodiment, the invention relates to compounds of
formula I wherein A represents NR3. In a further
embodiment, the invention relates to compounds of
formula I wherein m is 1. In a further embodiment, the
invention relates to compounds of formula I wherein m
is 2 . In a further embodiment, the invention relates
to compounds of formula I wherein A represents CRiR 2
and m is 1. In a further embodiment, the invention
relates to compounds of formula I wherein A represents
NR3 and m is 1.In a further embodiment, the invention
relates to compounds of formula I wherein Ri is
identical to R2. In a further embodiment, the
invention relates to compounds of formula I wherein Ri
is identical to R2 and both represent methyl. In a
further embodiment, the invention relates to compounds
of formula I 



wherein p is 0 or 1. In a further embodiment, the
invention relates to compounds of formula I wherein p
in R3 is 0 or 1. In a further embodiment, the
invention relates to compounds of formula I wherein p
in R is 0 or 1. In a further embodiment, the invention
relates to compounds of formula I wherein R3
represents -(CH2)P-Cy1. In a further embodiment, the
invention relates to compounds of formula I wherein R3
represents -(CH2)P-Cy1 and p in R3 is 0. In a further
embodiment, the invention relates to compounds of
formula I wherein R3 represents -(CH2)p-Cy1, p in R3
is 0 and Cy1 represents phenyl or heteroaryl, which
can all be optionally substituted with one or more R1
1 . In a further embodiment, the invention relates to
compounds of formula I wherein R3 represents
-(CH2)P-Cy1, p in R3 is 0 and Cy1 represents phenyl,
which can be optionally substituted with one or more
R11 . In a further embodiment, the invention relates
to compounds of formula I wherein R3 represents
-(CH2)P-Cy1, p in R3 is 0 and Cy1 represents phenyl
substituted with one hydroxy group and which can
optionally be further substituted with one or more
groups selected from Ri 1. In a further embodiment,
the invention relates to compounds of formula I
wherein R5 represents Ci -4 alkyl, halogen or Ci -4
alkoxy. In a further embodiment, the invention relates
to compounds of formula I wherein R5 represents
methyl, halogen or methoxy. In a further embodiment,
the invention relates to compounds of formula I
wherein R5 represents methyl or halogen. In a further
embodiment, the invention relates to compounds of
formula I wherein n is 0.In a further embodiment, the
invention relates to compounds of formula I wherein B
represents -CONH-, -NHCO- or -NHCONH-. In a further
embodiment, the invention relates to compounds of
formula I wherein B represents -CONH- or -NHCO-. In a
further embodiment, the invention relates to compounds
of formula I wherein B represents -CONRg-. In a
further embodiment, the invention relates to compounds
of formula I wherein R8 represents -(CH2)P-Cy2. In a
further embodiment, the invention relates to compounds
of formula I wherein R represents -(CH2)P-Cy2 and Cy2
represents C -7 cycloalkyl. In a further embodiment,
the invention relates to compounds of formula I
wherein B represents -CONRg- and R8 represents
-(CH2)P-Cy2. In a further embodiment, the invention
relates to compounds of formula I wherein B represents
-CONRg-, R8 represents -(CH )P-Cy2 and Cy2 represents
C3-7 cycloalkyl. In a further embodiment, the
invention relates to compounds of formula I wherein B
represents -CONH- and R8 represents cyclopropyl.
Furthermore, the present invention covers all possible
combinations of particular and preferred groups
described hereinabove. In a further embodiment, the
invention relates to compounds according to formula I
above which provide more than 50% inhibition of p38
activity at 10 mM, more preferably at 1 mM and still
more preferably at 0.1 mM, in a p38 assay such as the
ones described in Example 15. In a further embodiment,
the invention relates to a compound according to
formula I selected from:
N-Cyclopropyl-4-methyl-3-(1-oxo-2-phenyl-2,3-dihydrois
oindol-5-yl)benzamide;
N-Cyclopropylmethyl-4-methyl-3-(1-oxo-2-phenyl-2,3-dih
ydroisoindol-5- yl)benzamide; 3-(2-Benzyl-1
-oxo-2,3-dihydroisoindol-5-yl)-N-cyclopropyl-4-methylb
enzamide; 3-(2-Benzyl-1
-oxo-2,3-dihydroisoindol-5-yl)-N-cyclopropylmethyl-4-
methylbenzamide;
N-Cyclopropyl-3-[2-(2,2-dimethyl-3-hydroxypropyl)-1
-oxo-2, 3-dihydroisoindol-5-yl]- 4-methylbenzamide;
N-Cyclopropyl-3-[2-(1-hydroxymethylcyclopentyl)-1-oxo-
2,3-dihydroisoindol-5-yl]- 4-methylbenzamide; (
1S,2S)-N-Cyclopropyl-3-[2-(2-hydroxy-1
-hydroxymethyl-2-phenylethyl)-1 -oxo-2,3-
dihydroisoindol-5-yl]-4-methylbenzamide;
trans-N-Cyclopropyl-3-[2-(1
-hydroxycyclohex-4-yl)-1-oxo-2,3-dihydroisoindol-5-yl]
- 4-methylbenzamide;
N-Cyclopropyl-3-[2-(2-hydroxyphenyl)-1
-oxo-2,3-dihydroisoindol-5-yl]-4- methylbenzamide;
N-Cyclopropyl-3-[2-(2-hydroxy-5-sulfamoylphenyl)-1-oxo
-2,3-dihydroisoindol-5-yl]- 4-methylbenzamide;
N-Cyclopropyl-3-[2-(3-hydroxyphenyl)-1-oxo-2,3-dihydro
isoindol-5-yl]-4- methylbenzamide;
N-Cyclopropyl-3-[2-(2-hydroxy-6-methylphenyl)-1
-oxo-2,3-dihydroisoindol-5-yl]-4- methylbenzamide;
N-Cyclopropyl-4-methyl-3-(1
-oxo-2-(thiazol-2-yl)-2,3-dihydroisoindol-5-
yl)benzamide; N-Cyclopropyl-3-[2-(4-hydroxyphenyl)-1
-oxo-2,3-dihydroisoindol-5-yl]-4- methylbenzamide;
4-Chloro-N-cyclopropyl-3-[2-(2-hydroxyphenyl)-1
-oxo-2,3-dihydroisoindol-5- yl]benzamide;
N-Cyclopropyl-3-[2-(5-chloro-2-hydroxyphenyl)-1
-oxo-2,3-dihydroisoindol-5-yl]-4- methylbenzamide;
N-Cyclopropyl-3-[2-(4-chloro-2-hydroxyphenyl)-1
-oxo-2, 3-dihydroisoindol-5-yl]-4- methylbenzamide;
N-Cyclopropyl-3-(2-(2-hydroxyphenyl)-1-oxo-2,3-dihydro
isoindol-5-yl)-4- methoxybenzamide;
N-Cyclopropyl-3-(2,2-dimethyl-1-oxoindan-5-yl)-4-methy
lbenzamide;
N-Cyclopropylmethyl-3-(2,2-dimethyl-1-oxoindan-5-yl)-4
-methylbenzamide;
N-Butyl-3-(2,2-dimethyl-1-oxoindan-5-yl)-4-methylbenza
mide;
3-(2,2-Dimethyl-1-oxoindan-5-yl)-4-methyl-N-phenylbenz
amide;
3-(2,2-Dimethyl-1-oxoindan-5-yl)-4-methyl-N-(pyridin-4
-yl)benzamide;
3-(2,2-Dimethyl-1-oxoindan-5-yl)-N-isopropyl-4-methylb
enzamide;
3-(2,2-Dimethyl-1-oxoindan-5-yl)-4-methyl-N-(thiazol-2
-yl)benzamide;
3-(2,2-Dimethyl-1-oxoindan-5-yl)-4-methyl-N-[3-(nnorph
olin-4-yl)phenyl]benzamide; 3-(2
2-Dimethyl-1-oxoindan-5-yl)-4-methyl-N-[3-(pyridin-2-y
l)phenyl]benzamide;
N-Benzyl-3-(2,2-dimethyl-1-oxoindan-5-yl)-4-methylbenz
amide; N-Cyclopropyl-3-(2-ethyl-1-oxo-1
,2,3,4-tetrahydroisoquinolin-6-yl)-4- methylbenzamide;
3-(2-Benzyl-1-oxo-1
,2,3,4-tetrahydroisoquinolin-6-yl)-N-cyclopropyl-4-
methylbenzamide; 3-(2-Benzyl-1-oxo-1
,2,3,4-tetrahydroisoquinolin-6-yl)-N-cyclopropylmethyl
-4- methylbenzamide; 3-[2-(2-Chlorophenyl)-1-oxo-1
,2,3,4-tetrahydroisoquinolin-6-yl]-N-cyclopropyl-4-
methylbenzamide; N-Cyclopropyl-3-(2,2-dimethyl-1-oxo-1
,2,3,4-tetrahydronaphthalen-6-yl)-4- methylbenzamide;
N-Cyclopropylmethyl-3-(2,2-dimethyl-1-oxo-1
,2,3,4-tetrahydronaphthalen-6-yl)-4- methylbenzamide;
N-Cyclopropyl-3-[2-(2-hydroxyethyl)-1-oxo-2,3-dihydroi
soindol-5-yl]-4- methylbenzamide;
N-Cyclopropyl-4-methyl-3-(1-oxo-2-(pyridin-4-ylmethyl)
-2,3-dihydroisoindol-5- yl)benzamide;
N-Cyclopropyl-4-methyl-3-[2-(3-nitrobenzyl)-1
-oxo-2,3-dihydroisoindol-5- yl]benzamide;
3-[2-(3-Cyanophenyl)-1
-oxo-2,3-dihydroisoindol-5-yl]-N-cyclopropyl-4-
methylbenzamide;
N-Cyclopropyl-4-methyl-3-[2-(3-(morpholin-4-yl)phenyl)
-1 -oxo-2,3-dihydroisoindol- 5-yl]benzamide;
3-(2-(Biphenyl-3-yl)-1-oxo-2,3-dihydroisoindol-5-yl)-N
-cyclopropyl-4- methylbenzamide;
N-Cyclopropyl-3-[2-(3-hydroxypropyl)-1
-oxo-2,3-dihydroisoindol-5-yl]-4- methylbenzamide;
N-Cyclopropyl-4-methyl-3-[2-(2-(morpholin-4-yl)ethyl)-
1 -oxo-2,3-dihydroisoindol-5- yl]benzamide;
N-Cyclopropyl-4-methyl-3-[1-oxo-2-(2-pyridin-3-ylethyl
)-2,3-dihydroisoindol-5- yl]benzamide;
N-Cyclopropyl-3-[2-(indazol-6-yl)-1-oxo-2,3-dihydroiso
indol-5-yl]-4- methylbenzamide;
N-Cyclopropyl-3-[2-(indol-5-yl)-1
-oxo-2,3-dihydroisoindol-5-yl]-4-methylbenzamide;
3-[2-(1-Acetylpiperidin-4-yl)-1
-oxo-2,3-dihydroisoindol-5-yl]-N-cyclopropyl-4-
methylbenzamide;
N-Cyclopropyl-S-^-Cd-methoxypyridin-S-yO-i-oxo-2,3-dih
ydroisoindol-5-yl]-4- methylbenzamide;
N-Cyclopropyl-3-[2-ethyl-1-oxo-2,3-dihydroisoindol-5-y
l]-4-methylbenzamide;
N-Cyclopropyl-3-[2-(2-methoxyphenyl)-1-oxo-2,3-dihydro
isoindol-5-yl]-4- methylbenzamide;
N-Cyclopropyl-5-fluoro-3-[2-(2-hydroxyphenyl)-1
-oxo-2,3-dihydroisoindol-5-yl]-4- methylbenzamide;
N-Cyclopropyl-5-fluoro-3-[2-(2,2-dimethyl-3-hydroxypro
pyl)-1-oxo-2,3-
dihydroisoindol-5-yl]-4-methylbenzamide;
2-Cyclopropyl-N-[4-methyl-3-(1
-oxo-2-phenyl-2,3-dihydroisoindol-5-
yl)phenyl]acetamide;
N-[4-Methyl-3-(1-oxo-2-phenyl-2,3-dihydroisoindol-5-yl
)phenyl]furan-3- carboxamide;
N-[3-(2,2-Dimethyl-1-oxoindan-5-yl)-4-methylphenyl]
cyclopropylcarboxamide;
2-Cyclopropyl-N-[3-(2,2-dimethyl-1-oxoindan-5-yl)-4-me
thylphenyl]acetamide;
2-Chloro-N-[3-(2,2-dimethyl-1-oxoindan-5-yl)-4-methylp
henyl]isonicotinamide;
N-[3-(2,2-Dimethyl-1-oxoindan-5-yl)-4-methylphenyl]thi
ophene-3-carboxamide;
N-[3-(2,2-Dimethyl-1-oxoindan-5-yl)-4-methylphenyl]fur
an-3-carboxamide;
N-[3-(2,2-Dimethyl-1-oxoindan-5-yl)-4-methylphenyl]-2-
(pyrrolidin-1- yl)isonicotinamide;
N-[3-(2,2-Dimethyl-1-oxoindan-5-yl)-4-methylphenyl]-2-
(morpholin-4- yl)isonicotinamide;
1-Benzyl-3-[3-(2,2-dimethyl-1-oxoindan-5-yl)-4-methylp
henyl]urea;
1-[3-(2,2-Dimethyl-1-oxoindan-5-yl)-4-methylphenyl]-3-
isopropylurea; 



3-[2-(3-Aminobenzyl)-1
-oxo-2,3-dihydroisoindol-5-yl]-N-cyclopropyl-4-
methylbenzamide;
N-Cyclopropyl-3-[2-(3-methanesulfonylaminobenzyl)-1
-oxo-2,3-dihydroisoindol-5- yl]-4-methylbenzamide;
and3-(2-Benzyl-1-oxo-1
,2,3,4-tetrahydroisoquinolin-6-yl)-N-cyclopropylbenzam
ide. The compounds of the present invention may
contain one or more basic nitrogens and may,
therefore, form salts with organic or inorganic acids.
Examples of these salts include: salts with inorganic
acids such as hydrochloric acid, hydrobromic acid,
hydroiodic acid, nitric acid, perchloric acid,
sulfuric acid or phosphoric acid; and salts with
organic acids such as methanesulfonic acid,
trifluoromethanesulfonic acid, ethanesulfonic acid,
benzenesulfonic acid, ptoluenesulfonic acid, fumaric
acid, oxalic acid, acetic acid, maleic acid, ascorbic
acid, citric acid, lactic acid, tartaric acid, malonic
acid, glycolic acid, succinic acid and propionic acid,
among others. Some of the compounds of the present
invention may contain one or more acidic protons and,
therefore, they may also form salts with bases.
Examples of these salts include: salts with inorganic
cations such as sodium, potassium, calcium, magnesium,
lithium, aluminium, zinc, etc; and salts formed with
pharmaceutically acceptable amines such as ammonia,
alkylamines, hydroxylalkylamines, lysine, arginine,
L/-methylglucamine, procaine and the like. There is no
limitation on the type of salt that can be used,
provided that these are pharmaceutically acceptable
when they are used for therapeutic purposes. The term
pharmaceutically acceptable salt represents those
salts which are, according to medical judgement,
suitable for use in contact with the tissues of humans
and other mammals without undue toxicity, irritation,
allergic response and the like. Pharmaceutically
acceptable salts are well known in the art. The salts
of a compound of formula I can be obtained during the
final isolation and purification of the compounds of
the invention or can be prepared by treating a
compound of formula I with a sufficient amount of the
desired acid or base to give the salt in the
conventional manner. The salts of the compounds of
formula I can be converted into other salts of the
compounds of formula I by ion exchange using ionic
exchange resins. The compounds of formula I and their
salts may differ in some physical properties but they
are equivalent for the purposes of the present
invention. All salts of the compounds of formula I are
included within the scope of the invention. The
compounds of the present invention may form complexes
with solvents in which they are reacted or from which
they are precipitated or crystallized. Thesecomplexes
are known as solvates. As used herein, the term
solvate refers to a complex of variable stoichiometry
formed by a solute (a compound of formula I or a salt
thereof) and a solvent. Examples of solvents include
pharmaceutically acceptable solvents such as water,
ethanol and the like. A complex with water is known as
a hydrate. Solvates of compounds of the invention (or
salts thereof), including hydrates, are included
within the scope of the invention. Some of the
compounds of the present invention may exist as
several diastereoisomers and/or several optical
isomers. Diastereoisomers can be separated by
conventional techniques such as chromatography or
fractional crystallization. Optical isomers can be
resolved by conventional techniques of optical
resolution to give optically pure isomers. This
resolution can be carried out on any chiral synthetic
intermediate or on products of general formula I .
Optically pure isomers can also be individually
obtained using enantiospecific synthesis. The present
invention covers all individual isomers as well as
mixtures thereof (for example racemic mixtures or
mixtures of diastereomers), whether obtained by
synthesis or by physically mixing them. The compounds
of formula I can be obtained by following the
processes described below. As it will be obvious to
one skilled in the art, the exact method used to
prepare a given compound may vary depending on its
chemical structure. Moreover, in some of the processes
described below it may be necessary or advisable to
protect the reactive or labile groups by conventional
protective groups. Both the nature of these protective
groups and the procedures for their introduction or
removal are well known in the art (see for example
Greene T.W. and Wuts P.G.M, "Protective Groups in
Organic Synthesis", John Wiley & Sons, 3rd edition,
1999). As an example, as protective groups of an amino
function tertbutoxycarbonyl (Boc) or benzyl (Bn)
groups can be used. The carboxyl groups can be
protected for example in the form of C1-4 alkyl esters
or arylalkyl esters, such as benzyl, while the
hydroxyl groups can be protected for example with
tetrahydropyranyl (THP) or benzyl (Bn) groups.
Whenever a protective group is present, a later
deprotection step will be required, which can be
performed under standard conditions in organic
synthesis, such as those described in the
abovementioned reference. Unless otherwise stated, in
the methods described below the meanings ofthe
differents substituents are the meanings described
above with regard to a compound of general formula I .
Most of the compounds of formula I can be obtained by
reacting a compound of formula Il with a compound of
formula III, as shown in the following scheme: wherein
A, R4, R5, RQ, m and n have the meaning described
above in connection with a compound of general formula
I , Y represents halogen, preferably bromo, or
trifluoromethanesulfonate, and each Rj and Rj
represent H or Ci^alkyl or they can be linked together
to form together with the B and O atoms a five or
six-membered ring which can be optionally substituted
by one or more methyl groups. This reaction is carried
out in the presence of a base, such as K2CO3, Na2CO3,
CsF or K3PO4, and a palladium catalyst, such as
Pd(PPh3)4, in a solvent such as dimethoxyethane,
dioxane, diglyme or dimethylformamide, optionally in
the presence of water, and heating, preferably at
reflux. Alternatively, a compound of formula I wherein
R4= -CONR9R8 (Ia) can be obtained from a compound of
formula IV and an amine of formula V, as shown in the
following scheme:IV Ia wherein A, R5, R6, Rs, R9, m
and n have the meaning described above. This reaction
is carried out in the presence of an activating agent
such as (benzotriazol-
1-yloxy)tripyrrolidinophosphonium hexafluorophosphate,
L/-(3- dimethylaminopropyl)- L/-ethylcarbodiimide
hydrochloride or N Ndicyclohexylcarbodiimide and
1-hydroxybenzotriazol, and in the presence of a base
such as L/,L/-diisopropylethylamine or
L/-methylmorpholine and in a suitable solvent such as
dimethylformamide. Alternatively, the reaction can be
carried out by conversion of the carboxylic acid of
formula IV into an acyl chloride, by using standard
conditions in organic synthesis, followed by
conversion of the latter into the amide of formula Ia
by reaction with an amine of formula V in the presence
of a base such as triethylamine, in a suitable solvent
such as for example dichloromethane, and cooling,
preferably at 0 0C. Compounds of formula IV can be
obtained by reacting a compound of formula Il with a
compound of formula IMa, as shown in the following
scheme: Il Ilia IV wherein A, R5, R6, m, n, Y, R, and
Rj have the meaning described above. Thisreaction is
carried out under the same conditions described above
for the preparation of compounds I from compounds Il
and III. The compounds of formula I wherein R =
-NHCORa (Ib) can be obtained from a compound of
formula Vl and an acid of formula VII 1 as shown in
the following scheme: Vl Ib wherein A, R5, R6, Rs, m
and n have the meaning described above. This reaction
is carried out under the same conditions described
above for the preparation of compounds Ia from
compounds IV and V. The compounds of formula I wherein
R4= -NR9COR8 and R9 = Ci -4 alkyl may be obtained from
the corresponding compound of formula Ib by alkylation
under basic conditions, following standard procedures.
Compounds of formula Vl can be obtained from compounds
of formula IV, as shown in the following scheme: IV Vl
wherein A, R5, R6, m and n have the meaning described
above. This reaction canbe carried out under standard
Curtius conditions, for example by treatment with
diphenylphosphorylazide, in the presence of a base,
such as for example triethylamine, in a suitable
solvent, such as dimethylformamide and at a suitable
temperature, preferably 100 0C, followed by aqueous
treatment. The compounds of formula I wherein R4=
-NHCONR9R8 (Ic) can be obtained from a compound of
formula Vl, as shown in the following scheme: XXIII
wherein A, R5, Re, Re, R9. rn and n have the meaning
described above. The compounds of formula Ic wherein
Rg = H can be obtained by reaction of compound Vl with
an isocyanate of formula VIII. This reaction is
carried out in a suitable solvent, such as
dimethylformamide, and at a suitable temperature
comprised between room temperature and the temperature
of the boiling point of the solvent. Alternatively, a
compound of formula Ic can be obtained from a compound
of formula Vl by a two step sequence which involves
converting the amine into the corresponding isocyanate
(XXIII) with triphosgene, in the presence of a base
such as L/;L/-diisopropylethylamine, triethylamine or
Nmethylmorpholine, in a suitable solvent such as
acetonitrile or a halogenated hydrocarbon such as
chloroform or dichloromethane; and then reacting
theresulting isocyanate XXIII with an amine of formula
V in a suitable solvent, such as the solvent used in
the first step. Compounds of formula Il wherein A=
CR1R2 (Ua: A= CRiR 2, m= 1; lib: A= CRiR 2, m= 2) and
Y represents halogen can be obtained by reacting a
compound of formula IX with an alkylating agent of
formula X as shown in the following scheme: IX Ha,b
wherein Ri, R2 and m have the meaning described above,
Y represents halogen, preferably bromo, Rk represents
R1 or R2 and W represents halogen or alkylsulfonate,
preferably iodo. This reaction can be carried out in
the presence of a base such as sodium hydride, in a
suitable solvent such as toluene, tetrahydrofuran or
dimethylformamide, and at a temperature comprised
between room temperature and the temperature of the
boiling point of the solvent. When R-i  R2, this
reaction is carried out in a two-step sequence that
involves alkylating a compound of formula IX with an
alkylating agent R1W to give a mono-alkylated
intermediate and then reacting this intermediate with
a second alkylating agent R2W tO yield the compound of
formula Ua,b. Compounds of formula Il wherein A= NR3
and m= 1 (lie) can be obtained by reacting a compound
of formula XIa with an amine of formula XII, as shown
in the following scheme:XIa Mc 



wherein R3 has the meaning described above, R
represents C -4 alkyl and Y represents halogen,
preferably bromo. This reaction can be carried out in
a suitable solvent such as methanol, ethanol or
dimethylformamide, optionally in the presence of a
base such as a tertiary amine (like triethylamine or N
Ndiisopropylethylamine), sodium carbonate or potassium
carbonate, and at a temperature comprised between room
temperature and the temperature of the boiling point
of the solvent. Alternatively, this reaction can be
carried out in a twostep sequence that involves bromo
displacement from a compound of formula XIa by the
amine XII in a suitable solvent such as methanol,
ethanol or dimethylformamide, to yield an intermediate
aminoester, and final cyclization to the compound of
formula Hc by heating in acetic acid or polyphosphoric
acid. Compounds of formula Il wherein Y represents
trifluoromethanesulfonate can be obtained starting
from a compound of formula XIII as shown in the
following scheme: XIII Il wherein A and m have the
meaning described above and Y represents
trifluoromethanesulfonate. This reaction can be
carried out in the presence of a suitable
sulfonylating agent such as trifluoromethanesulfonic
anhydride or trifluoromethanesulfonyl chloride, in a
suitable solvent such as pyridine ordichloromethane,
in the presence of a base such as pyridine or
triethylamine, and at a suitable temperature comprised
between 0 0C and room temperature. Compounds of
formula XIII can be obtained starting from a compound
of formula XIV, as shown in the following scheme: XIV
XIII wherein A and m have the meaning described above.
This reaction can be carried out in the presence of a
strong acid, such as 48% HBr and at a suitable
temperature comprised between room temperature and the
temperature of the boiling point of the solvent, or in
the presence of a Lewis acid such as boron tribromide,
in a suitable solvent such as dichloromethane, and at
a temperature comprised preferably between -78 0C and
room temperature. Compounds of formula XIV wherein A=
CR1R2 (XIVa: A= CR1R2, m= 1; XIVb: A= CR1R2, m= 2) can
be obtained by reaction of compounds of formula XV
under the same conditions previously described for the
conversion of a compound of formula IX into a compound
of formula Ua,b, as shown in the following scheme: XV
XIVa, b wherein R1, R2 and m have the meaning
described above.Compounds of formula XIV wherein A=
NR3 and m= 1 (XIVc) can be obtained by reacting a
compound of formula XIb with an amine of formula XII
as shown in the following scheme: XIb XIVc wherein R
and R3 have the meaning described above. This reaction
can be carried out under the same reaction conditions
described above for the preparation of compounds Hc
from XIa. Compounds of formula XIa,b can be obtained
starting from a compound of formula XVI, as shown in
the following scheme: XVI XIa,b wherein R has the
meaning described above and Y' represents halogen,
preferably bromo, or methoxy. This reaction can be
carried out in the presence of a suitable halogenating
agent, such as L/-bromosuccinimide, optionally in the
presence of a radical initiator such as
2,2'-azobis(2-methylbutyronitrile) or benzoyl
peroxide, in a suitable solvent such as CCI4, CHCI3,
acetonitrile or chlorobenzene, and at a suitable
temperature comprised between room temperature and the
temperature of the boiling point of the solvent,
optionally irradiating the mixture. Compounds of
formula XVI can be obtained by reacting a carboxylic
acid of formula XVII with an alcohol of formula XVIII,
as shown in the following scheme:XVII XVI wherein R
has the meaning described above and Y' represents
halogen, preferably bromo, or methoxy. This reaction
can be carried out in the presence of an inorganic
acid such as concentrated sulfuric acid, using the
alcohol of formula XVIII as the solvent, and at a
suitable temperature comprised between room
temperature and the temperature of the boiling point
of the solvent. Alternatively, a compound of formula
XVII can be converted into the corresponding acyl
chloride by using standard conditions and then the
latter can be converted into the corresponding ester
of formula XVI by reaction with an alcohol of formula
XVIII, in the presence of a base such as
triethylamine, in a suitable solvent such as for
example dichloromethane, and at a suitable temperature
comprised between 0 0C and room temperature. Compounds
of formula XIV wherein A= NR3 (XIVc: m= 1; XIVd: m= 2)
can be obtained starting from a compound of formula
XIX, as shown in the following scheme: XIX XlVc.d
wherein R3 and m have the meaning described above.
When R3 is an alkyl-type group, this reaction can be
carried out by treatment with an alkylating agent such
as a halide or alkylsulfonate of formula XX,
preferably an alkyl iodide, in the presence of a base
such as sodium hydride, in a suitable solvent such as
toluene,tetrahydrofuran or dimethylformamide, and at a
temperature comprised between room temperature and the
temperature of the boiling point of the solvent. When
R3 is a phenyl or heteroaryl group, this reaction can
be carried out by reaction with an halide of formula
XX preferably a bromide, in the presence of a base,
such as K2CO3, Na2CO3 or K3PO4, and a copper catalyst,
such as copper(l) iodide, in a solvent such as
L/-methylpyrrolidone and heating, preferably at
reflux. Alternatively, compounds of formula Il wherein
A= NR3 (IIc: m= 1; Ud: m= 2) can be obtained in an
analogous manner starting from a compound of formula
XXI, as shown in the following scheme: XXI llc,d
wherein R3 and m have the meaning described above and
Y represents halogen, preferably bromo. This reaction
is carried out under the same reaction conditions
described above for the preparation of compounds
XlVc.d from XIX. Compounds of formula III are either
commercially available or can be obtained starting
from a compound of formula XXII, as shown in the
following scheme: XXII wherein A, R4, R5, R6, n, Rj
and Rj have the meaning described above. This reaction
is carried out in the presence of a boron reagent such
asbis(pinacolato)diboron, a palladium catalyst such as
[1 ,1'-
bis(diphenylphosphino)ferrocene]dichloro-palladium
(II) and a base such as potassium acetate, in a
suitable solvent such as dimethylformamide,
dimethoxyethane or dioxane, and at a suitable
temperature, comprised between room temperature and
the temperature of the boiling point of the solvent,
preferably heating; or alternatively in the presence
of a trialkylborate and a strong base, such as
butyllithium, in a suitable solvent such as
tetrahydrofuran, and at a suitable temperature,
preferably cooling at -78 0C, optionally followed by
hydrolysis of the boronic ester to yield the
corresponding boronic acid. Compounds of formulae V,
VII, VIII, IX, X, XII XV, XVII, XVIII XIX, XX, XXI and
XXII are commercially available or can be prepared by
methods widely described in the literature, and can be
conveniently protected. Furthermore, some compounds of
the present invention can also be obtained from other
compounds of formula I by appropriate conversion
reactions of functional groups in one or several
steps, using well-known reactions in organic chemistry
under the reported standard experimental conditions.
Such interconversions can be carried out upon groups
R3 or R4 and include, for example: the conversion of a
nitro group into an amine by reaction with a reducing
agent such as hydrogen in the presence of a Pd
catalyst such as Pd on activated carbon or a metal
reducing agent such as tin (II) chloride or iron, in a
suitable solvent such as methanol, ethanol or acetic
acid; the conversion of an amine into a sulfonamide by
reaction with a sulfonyl halide, such as sulfonyl
chloride, optionally in the presence of catalytic
amounts of a base such as 4-dimethylaminopyridine, in
a suitable solvent such as dioxane, chloroform,
dichloromethane or pyridine, optionally in the
presence of a base such as triethylamine or pyridine;
the conversion of an amine into an amide, carbamate or
urea under standard conditions, for example following
the methods disclosed above; the conversion of an
aromatic halide into an aromatic amine by reaction
with an amine, optionally in the presence of a
suitable solvent, and preferably heating; the
alkylation of an amide by treatment with an alkylating
agent under basicconditions. Some of these
interconversion reactions are explained in greater
detail in the examples. As it will be obvious to those
skilled in the art, these interconversion reactions
can be carried out upon the compounds of formula I as
well as upon any suitable synthesis intermediate
thereof. As mentioned previously, the compounds of the
present invention act as p38 kinase inhibitors,
inducing the reduction of proinflammatory cytokines.
Therefore, the compounds of the invention are expected
to be useful to treat or prevent diseases in which p38
plays a role in mammals, including human beings. This
includes diseases caused by overproduction of
cytokines such as TNF-a, IL- 1, IL-6 or IL-8. These
diseases include, but are not limited to, immune,
autoimmune and inflammatory diseases, cardiovascular
diseases, infectious diseases, bone resorption
disorders, neurodegenerative diseases, proliferative
diseases and processes associated with
cyclooxygenase-2 induction. Preferred diseases to be
treated or prevented with the compounds of the
invention are immune, autoimmune and inflammatory
diseases. As an example, immune, autoimmune and
inflammatory diseases that can be treated or prevented
with the compounds of the present invention include
rheumatic diseases (e.g. rheumatoid arthritis,
psoriatic arthritis, infectious arthritis, progressive
chronic arthritis, deforming arthritis,
osteoarthritis, traumatic arthritis, gouty arthritis,
Reiter's syndrome, polychondritis, acute synovitis and
spondylitis), glomerulonephritis (with or without
nephrotic syndrome), autoimmune hematologic disorders
(e.g. hemolytic anemia, aplasic anemia, idiopathic
thrombocytopenia and neutropenia), autoimmune
gastritis and autoimmune inflammatory bowel diseases
(e.g. ulcerative colitis and Crohn's disease), host
versus graft disease, allograft rejection, chronic
thyroiditis, Graves' disease, schleroderma, diabetes
(type I and type II), active hepatitis (acute and
chronic), primary biliary cirrhosis, myasthenia
gravis, multiple sclerosis, systemic lupus
erythematosus, psoriasis, atopic dermatitis, contact
dermatitis, eczema, skin sunburns, chronic renal 



insufficiency, Stevens-Johnson syndrome, idiopathic
sprue, sarcoidosis, Guillain- Barre syndrome, uveitis,
conjunctivitis, keratoconjunctivitis, otitis media,
periodontal disease, pulmonary interstitial fibrosis,
asthma, bronchitis, rhinitis,sinusitis,
pneumoconiosis, pulmonary insufficiency syndrome,
pulmonary emphysema, pulmonary fibrosis, silicosis,
chronic inflammatory pulmonary disease (e.g. chronic
obstructive pulmonary disease) and other inflammatory
or obstructive diseases of the airways. Cardiovascular
diseases that can be treated or prevented include,
among others, myocardial infarction, cardiac
hypertrophy, cardiac insufficiency,
ischaemia-reperfusion disorders, thrombosis,
thrombin-induced platelet aggregation, acute coronary
syndromes, atherosclerosis and cerebrovascular
accidents. Infectious diseases that can be treated or
prevented include, among others, sepsis, septic shock,
endotoxic shock, sepsis by Gram-negative bacteria,
shigellosis, meningitis, cerebral malaria, pneumonia,
tuberculosis, viral myocarditis, viral hepatitis
(hepatitis A, hepatitis B and hepatitis C), HIV
infection, retinitis caused by cytomegalovirus,
influenza, herpes, treatment of infections associated
with severe burns, myalgias caused by infections,
cachexia secondary to infections, and veterinary viral
infections such as lentivirus, caprine arthritic
virus, visna-maedi virus, feline immunodeficiency
virus, bovine immunodeficiency virus or canine
immunodeficiency virus. Bone resorption disorders that
can be treated or prevented include osteoporosis,
osteoarthritis, traumatic arthritis and gouty
arthritis, as well as bone disorders related with
multiple myeloma, bone fracture and bone grafting and,
in general, all these processes wherein it is
necessary to induce osteoblastic activity and increase
bone mass. Neurodegenerative diseases that can be
treated or prevented include Alzheimer's disease,
Parkinson's disease, cerebral ischaemia and traumatic
neurodegenerative disease, among others. Proliferative
diseases that can be treated or prevented include
endometriosis, solid tumors, acute and chronic myeloid
leukemia, Kaposi sarcoma, multiple myeloma, metastatic
melanoma and angiogenic disorders such as ocular
neovascularisation and infantile haemangioma. p38
kinase inhibitors also inhibit the expression of
proinflammatory proteins such as cyclooxygenase-2
(COX-2), the enzyme responsible for prostaglandin
production. Therefore, the compounds of the present
invention can also be usedto treat or prevent diseases
mediated by COX-2 and especially to treat processes
with edema, fever and neuromuscular pain such as
cephalea, pain caused by cancer, tooth pain, arthritic
pain, hyperalgesia and allodynia. In vitro and in vivo
assays to determine the ability of a compound to
inhibit p38 activity are well known in the art. For
example, a compound to be tested can be contacted with
the purified p38 enzyme to determine whether
inhibition of p38 activity occurs. Alternatively,
cell-based assays can be used to measure the ability
of a compound to inhibit the production of cytokines
such as TNFalpha, e.g. in stimulated peripheral blood
mononuclear cells (PBMCs) or other cell types.
Detailed disclosure of assays that can be used to test
the biological activity of the compounds of the
invention as p38 inhibitors can be found below (see
Example 15). For selecting active compounds, testing
at 10 mM must result in an activity of more than 50%
inhibition in at least one of the tests provided in
Example 15. More preferably, compounds should exhibit
more than 50% inhibition at 1 mM, and still more
preferably, they should exhibit more than 50%
inhibition at 0.1 mM. The present invention also
relates to a pharmaceutical composition which
comprises a compound of the present invention (or a
pharmaceutically acceptable salt or solvate thereof)
and one or more pharmaceutically acceptable
excipients. The excipients must be "acceptable" in the
sense of being compatible with the other ingredients
of the composition and not deleterious to the
recipients thereof. The compounds of the present
invention can be administered in the form of any
pharmaceutical formulation, the nature of which, as it
is well known, will depend upon the nature of the
active compound and its route of administration. Any
route of administration may be used, for example oral,
parenteral, nasal, ocular, rectal and topical
administration. Solid compositions for oral
administration include tablets, granulates and
capsules. In any case the manufacturing method is
based on a simple mixture, dry granulation or wet
granulation of the active compound with excipients.
These excipients can be, for example, diluents such as
lactose, microcrystalline cellulose, mannitol or
calcium hydrogenphosphate; binding agents such as for
example starch, gelatin or povidone; disintegrants
such as sodium carboxymethyl starch or sodium
croscarmellose; and lubricating agents such as for
examplemagnesium stearate, stearic acid or talc.
Tablets can be additionally coated with suitable
excipients by using known techniques with the purpose
of delaying their disintegration and absorption in the
gastrointestinal tract and thereby provide a sustained
action over a longer period, or simply to improve
their organoleptic properties or their stability. The
active compound can also be incorporated by coating
onto inert pellets using natural or synthetic
film-coating agents. Soft gelatin capsules are also
possible, in which the active compound is mixed with
water or an oily medium, for example coconut oil,
mineral oil or olive oil. Powders and granulates for
the preparation of oral suspensions by the additon of
water can be obtained by mixing the active compound
with dispersing or wetting agents; suspending agents
and preservatives. Other excipients can also be added,
for example sweetening, flavouring and colouring
agents. Liquid forms for oral administration include
emulsions, solutions, suspensions, syrups and elixirs
containing commonly-used inert diluents, such as
purified water, ethanol, sorbitol, glycerol,
polyethylene glycols (macrogols) and propylene glycol.
Said compositions can also contain coadjuvants such as
wetting, suspending, sweetening, flavouring agents,
preservatives and buffers. Injectable preparations,
according to the present invention, for parenteral
administration, comprise sterile solutions,
suspensions or emulsions, in an aqueous or non-aqueous
solvent such as propylene glycol, polyethylene glycol
or vegetable oils. These compositions can also contain
coadjuvants, such as wetting, emulsifying, dispersing
agents and preservatives. They may be sterilized by
any known method or prepared as sterile solid
compositions which will be dissolved in water or any
other sterile injectable medium immediately before
use. It is also possible to start from sterile
materials and keep them under these conditions
throughout all the manufacturing process. For the
rectal administration, the active compound can be
preferably formulated as a suppository on an oily
base, such as for example vegetable oils or solid
semisynthetic glycerides, or on a hydrophilic base
such as polyethylene glycols (macrogol). The compounds
of the invention can also be formulated for their
topical application for the treatment of pathologies
occurring in zones or organs accessible through this
route, such as eyes, skin and the intestinal
tract.Formulations include creams, lotions, gels,
powders, solutions and patches wherein the compound is
dispersed or dissolved in suitable excipients. For the
nasal administration or for inhalation, the compound
can be formulated as an aerosol and it can be
conveniently released using suitable propellants. The
dosage and frequency of doses will depend upon the
nature and severity of the disease to be treated, the
age, the general condition and body weight of the
patient, as well as the particular compound
administered and the route of administration, among
other factors. A representative example of a suitable
dosage range is from about 0.01 mg/Kg to about 100
mg/Kg per day, which can be administered as a single
or divided doses. The invention is illustrated by the
following examples. Examples The following
abbreviations have been used in the examples: ACN:
acetonitrile DMF: dimethylformamide DMSO:
dimethylsulfoxide EDCHCI: L/-(3-dimethylaminopropyl)-
L/ -ethylcarbodiimide hydrochloride EtOAc: ethyl
acetate EtOH: ethanol HOAc: acetic acid HOBT:
1-hydroxybenzotriazole hydrate MeOH: methanol PyBOP:
(BenzotriazoM-yloxy)tripyrrolidinophosphonium
hexafluorophosphate TEA: triethylamine THF:
tetrahydrofuran tR: retention time LC-MS: liquid
chromatography-mass spectrometryLC-MS spectra have
been performed using the following chromatographic
method: Method 1: Column Tracer Excel 120, ODSB 5 mm
(10 mm x 0.21 mm), temperature: 30 0C, flow: 0.35
mL/min, eluent: A= ACN, B = 0.1 % HCOOH, gradient: 0
min 10% A - 10 min 90% A - 15 min 90% A Method 2:
Column X-Terra MS C18 5 mm (100 mm x 2.1 mm),
temperature: 30 0C, flow: 0.35 mL/min, eluent: A= ACN,
B = 10 mM Ammonium bicarbonate, gradient: 0 min 10% A
- 10 min 90% A -15 min 90% A. Method 3: Column X-Terra
MS C18 5 mm ( 150 mm x 2.1 mm), temperature: 30 0C1
flow: 0.35 mL/min, eluent: A= ACN, B = 0.1 % HCOOH,
gradient: 0 min 10% A - 10 min 90% A- 15 min 90% A.
The MS spectra have been obtained with positive
electrospray ionization mode over a scan range from
100 to 800 amu. REFERENCE EXAMPLE 1 Methyl
4-bromo-2-methylbenzoate To a solution of
4-bromo-2-methylbenzoic acid (6.17 g, 0.29 mol) in
MeOH (170 mL), H2SO4 95% (3 mL) was added. It was
heated to reflux overnight and allowed to cool to room
temperature. The solvent was evaporated and EtOAc was
added. The organic phase was washed with saturated
NaHCO3, aq Na2CO3 and water. The combined organic
phases were dried over Na2SO4 and the solvent was
evaporated, to afford 6.43 g of the title compound as
an oil (yield: 98%). 1H NMR (300 MHz, CDCI3) d (TMS):
2.58 (s, 3 H), 3.89 (s, 3 H), 7.36 (d, J = 1.8 Hz, 1
H), 7.41 (dd, J = 8.1 Hz, J1= 1.8 Hz, 1 H), 7.78 (d,
J= 8.1 Hz, 1 H). REFERENCE EXAMPLE 2 Methyl
4-bromo-2-(bromomethyl)benzoate To a solution of
methyl 4-bromo-2-methylbenzoate (9.60 g , 0.42 mol,
obtained in 



reference example 1) in CCI4 (150 mL),
L/-bromosuccinimide (7.46g, 0.42mol) and benzoyl
peroxide (0.1 9g, 0.79mmol) were added. The reaction
mixture was stirred4h at room temperature while
irradiated with a 250 Watt lamp and it was then
filtered to remove the precipitated solids. The
filtrate was washed with 1N NaOH and water and it was
dried over Na2SO4. The solvent was evaporated to
afford 11.87 g of the desired compound as an oil that
solidified on standing (yield: 92%, uncorrected). 1H
NMR (300 MHz, CDCI3) d (TMS): 3.94 (s, 3 H), 4.90 (s,
2 H)1 7.51 (dd, J = 8.4 Hz J = 2.1 Hz, 1 H), 7.63 (d,
J = 1.8 Hz, 1 H), 7.84 (d, J = 8.4 Hz, 1 H). REFERENCE
EXAMPLE 3 5-Bromo-2-phenyl-2,3-dihydroisoindol-1-one
To a solution of methyl
4-bromo-2-(bromomethyl)benzoate (4.9 mmol, obtained in
reference example 2) in MeOH (40 ml_), aniline (0.93 g
, 5.1 mmol) and TEA ( 1.05 ml_, 7.6 mmol) were added.
The mixture was heated to reflux for 24 h and then
allowed to cool to room temperature. The solvent was
evaporated and the crude product obtained was purified
by chromatography on silica gel using hexane- EtOAc
mixtures of increasing polarity as eluent, to afford
1.07 g of the desired compound, impurified with
starting aniline. The product was dissolved in CHCb
and the organic phase was washed with 1N HCI, dried
over Na2SO4 and the solvent evaporated to afford 0.98
g of the title compound (yield: 67%). 1H NMR (300 MHz,
CDCI3) d (TMS): 4.85 (s, 2 H), 7.18 (m, 1 H), 7.46 (m,
2 H), 7.64-7.86 (complex signal, 5 H) REFERENCE
EXAMPLES 3A-3P, 3AA-3AC Following a similar procedure
to that described in reference example 3, but starting
from the appropriate amine in each case, the compounds
in the following table were obtained:Immunogenic
composition The present invention relates to
immunogenic compositions comprising bacterial capsular
saccharides conjugated to a carrier protein, in
particular those saccharides of N. meningitidis. It
additionally relates to vaccines and vaccine kits
comprising such saccharide conjugates, processes for
making the immunogenic compositions and vaccines and
the use of the vaccines and immunogenic compositions
of the invention in therapy. It also relates to
methods of immunising against infection using the
saccharide conjugates and the use of the saccharide
conjugates in the manufacture of a medicament.
Neisseria meningitidis is a Gram-negative human
pathogen which causes bacterial meningitis. Based on
the organism's capsular polysaccharide, twelve
serogroups of N. meningitidis have been identified (A,
B, C, H, I, K, L , 29E1W135, X, Y and Z). Serogroup A
(MenA) is the most common cause of epidemic disease in
sub-Saharan Africa. Serogroups B and C are responsible
for the majority of cases in developing countries,
with the remaining cases being caused by W135 and Y.
Immunogenic compositions comprising N. meningitidis
saccharides conjugated to carrier proteins are known
in the art; the carrier protein having the known
effect of turning the Tindependent polysaccharide
antigen into a T-dependent antigen capable of
triggering an immune memory response. For instance WO
02/58737 discloses a vaccine comprising purified
capsular polysaccharides from N. meningitidis
serogroups A, C, W135 and Y conjugated to a carrier
protein. However, this application teaches that all
polysaccharides should essentially be conjugated in
the same way (through the same linker to the same
protein carrier). There remains a need to develop
improved conjugate vaccines against neisserial
meningitis. The present invention concerns the
provision of a meningococcal polysaccharide conjugate
vaccine where conjugation of each polysaccharide is
tailored (rather than being uniform) to achieve an
efficacious combination vaccine. In particular it is
advantageous to combine certain meningococcal
saccharides conjugated to their protein carriers at a
high saccharide:protein ratio with others at a low
ratio. Accordingly, in one aspect of the present
invention there is provided an immunogenic composition
comprising at least 2 different N. meningitidis
capsular saccharides, wherein one or more is/are
selected from a first group consisting of MenA, MenC,
MenY andMenW which is/are conjugated to a protein
carrier(s) wherein the saccharideiprotein ratio (w/w)
is between 1:2-1 :5, and one or more different
saccharides is/are selected from a second group
consisting of MenA, MenC, MenY and MenW which is/are
conjugated to a protein carrier(s) wherein the
saccharide:protein ratio (w/w) is between 5:1-1 : 1
.99. In a MenW vaccine the ratio of Men W saccharide
to carrier protein can be between 5:1- 1:1 .99, 2:1-1
:1.99, 1.5:1-1 :1.8, 1:1-1:1 .7, 1:1.2-1 :1.6, or
1:1.4-1:1 .5 (w/w). In a MenY vaccine the ratio of Men
Y saccharide to carrier protein can be between 5:1-1:1
.99, 2:1- 1:1 .99, 1.5:1-1:1 .9, 1:1-1:1 .8, 1:1
.1-1:1 .6, or 1:1 .3-1:1 .4 (w/w). In a MenA vaccine
the ratio of Men A saccharide to carrier protein can
be between 1:2-1 :5, 1:2.4-1 :4, 1:2.7-1 :3.5, or
1:2.9-1:3.1 (w/w). In a Men C vaccine the ratio of Men
C saccharide to carrier protein can be between
5:1-1:1.99, 2:1-1 : 1 .99, 1.5:1-1:1 .8, 1.3:1-1:1.6,
1.2:1-1:1.4, or 1.1:1-1 :1.2 (w/w), or between 1:2-1
:5, 1:2.5-1 :4.5, 1:2.7-1 :4.3, 1:3-1 :4, or 1:3.3-1
:3.5 (w/w). The ratio of saccharide to carrier protein
(w/w) in a conjugate may be determined using the
sterilized conjugate. The amount of protein is
determined using a Lowry assay ( for example Lowry et
al (1951) J. Biol. Chem. 193, 265-275 or Peterson et
al Analytical Biochemistry 100, 201-220 (1979)) and
the amount of saccharide is determined using ICP-OES
(inductively coupled plasma-optical emission
spectroscopy) for MenA, DMAP assay for MenC and
Resorcinol assay for MenW and MenY (Monsigny et al
(1988) Anal. Biochem. 175, 525-530). Often saccharides
conjugated through a linker have higher incorporation
of carrier protein than when directly linked to
carrier protein. In a MenAC vaccine of the invention,
for example, MenA saccharide may be conjugated to a
carrier protein through a linker and MenC directly. In
a MenCY vaccine, MenC may be conjugated through a
linker and MenY directly. In a MenACWY vaccine Men A
may be conjugated through a linker and MenCWY
directly, or MenAC may be conjugated through a linker
and MenWY directly. In a further aspect of the
invention there is provided an immunogenic composition
comprising at least 2 different saccharides conjugated
separately to the same type of carrier protein (for
instance DT, CRM197, Protein D, or TT), wherein one or
more saccharide(s) is/are conjugated to the carrier
protein wherein the saccharide:protein ratio (w/w) is
between 1:2-1 :5, and one or more different
saccharides is/are conjugated to the carrier protein
wherein the saccharide: protein ratio (w/w) is between
5:1-1:1 .99.For instance in a MenAC vaccine, MenA may
be conjugated to the carrier protein with a
saccharide: protein ratio (w/w) between 1:2-1:5 and
MenC conjugated to the carrier protein with a
saccharide:protein ratio (w/w) between 5:1-1 :1 .99.
In a MenCY vaccine MenC may be conjugated to the
carrier protein with a saccharide:protein ratio (w/w)
between 1:2-1 :5 and MenY conjugated to the carrier
protein with a saccharide: protein ratio (w/w) between
5:1-1:1 .99. In a MenACWY vaccine, MenAC may be
conjugated to the carrier protein with a saccharide:
protein ratio (w/w) between 1:2-1 :5 and MenWY
conjugated to the carrier protein with a
saccharide:protein ratio (w/w) between 5:1-1 :1 .99.,
or MenA may be conjugated to the carrier protein with
a saccharide: protein ratio (w/w) between 1:2-1 :5 and
MenCWY conjugated to the carrier protein with a
saccharide:protein ratio (w/w) between 5:1-1:1.99.
According to a further aspect of the invention there
is provided a method of immunising a human host
against disease caused by Neisseria meningitidis
comprising administering to the host an
immunoprotective dose of the immunogenic composition
or vaccine of the invention. According to a further
aspect or the invention there is provided an
immunogenic composition of the invention for use in
the treatment or prevention of disease caused by
Neisseria meningitidis. According to a further aspect
or the invention there is provided a use of the
immunogenic composition or vaccine of the invention in
the manufacture of a medicament for the treatment or
prevention of diseases caused by Neisseria
meningitidis. Description of figures Figure 1 - A -
Bar chart showing GMC responses in an anti-MenY ELISA.
ENYTT012 is a MenY-TT conjugate prepared from native
MenY polysaccharide. ENYTT014 is a MenYTT conjugate
prepared from microfluidised MenY polysaccharide which
had undergone 40 cycles of microfluidisation.
ENYTT015bis is a MenY-TT conjugate prepared from
microfluidised MenY polysaccharide which had undergone
20 cycles of microfluidisation. - B - Bar chart
showing GMT responses in an anti-MenY SBA assay.
ENYTT012 is a MenY-TT conjugate prepared from native
MenY polysaccharide. ENYTT014 is a MenYTT conjugate
prepared from microfluidised MenY polysaccharide which
had undergone 40 cycles of microfluidisation.
ENYTT015bis is a MenY-TT conjugate prepared from
microfluidised MenY polysaccharide which had undergone
20 cycles of microfluidisation. Detailed description
In one aspect of the present invention there is
provided an immunogenic composition comprising at
least 2 different N. meningitidis capsular
saccharides, wherein one or more is/are selected from
a first group consisting of MenA (N. meningitidis
serogroup A capsular saccharide), MenC (N.
meningitidis serogroup C capsular saccharide), MenY
(N. meningitidis serogroup Y capsular saccharide) and
MenW (N. meningitidis serogroup W135 capsular
saccharide) which is/are conjugated to a protein
carrier(s) wherein the saccharide:protein ratio (w/w)
is between 1:2-1 :5, and one or more different
saccharides is/are selected from a second group
consisting of MenA, MenC, MenY and MenW which is/are
conjugated to a protein carrier(s) wherein the
saccharide: protein ratio (w/w) is between 5:1-1:1
.99. More specifically the composition comprises at
least 2 different N. meningitidis capsular
saccharides, wherein one or more is/are selected from
a first group consisting of MenA and MenC which is/are
conjugated to a protein carrier(s) wherein the
saccharide: protein ratio (w/w) is between 1:2-1 :5,
and one or more different saccharides is/are selected
from a second group consisting of MenC, MenY and MenW
which is/are conjugated to a protein carrier(s)
wherein the saccharide:protein ratio (w/w) is between
5:1-1 :1.99. In one aspect the immunogenic composition
has MenW saccharide, wherein the ratio of Men W
saccharide to carrier protein is between 5:1-1 :1.99,
2:1-1 : 1 .99, 1.5:1-1:1.8, 1:1- 1:1.7, 1:1.2-1:1 .6,
or 1: 1 .4-1 :1 .5 (w/w). In a further aspect the
immunogenic composition has MenY saccharide, wherein
the ratio of Men Y saccharide to carrier protein is
between 5:1-1:1 .99, 2:1-1:1.99, 1.5:1-1:1.9,
1:1-1:1.8, 1:1.1-1:1.6, or 1:1.3-1 :1.4 (w/w). In a
further aspect the immunogenic composition comprises
MenA saccharide, wherein the ratio of Men A saccharide
to carrier protein is between 1:2-1:5, 1:2.4-1 :4,
1:2.7-1 :3.5, or 1:2.9- 1:3.1 (w/w) or between 5:1-1:1
.99, 2:1-1:1 .99, 1.5:1-1 :1.8, 1.3:1-1:1.6, 1.2:1-1
:1.4, or 1. 1 :1-1:1 .2 (w/w). In a further aspect the
immunogenic composition comprises MenC saccharide,
wherein the ratio of Men C saccharide to carrier
protein is between 5:1- 1:1 .99, 2:1-1 :1 .99, 1.5:1-1
:1.8, 1.3:1-1:1 .6, 1.2:1-1:1 .4, or 1. 1 :1-1:1.2
(w/w), or between 1:2-1 :5, 1:2.5-1 :4.5, 1:2.7-1
:4.3, 1:3-1 :4, or 1:3.3-1 :3.5 (w/w).More
specifically, the first group may consist of MenA and
MenC, and the second group consist of MenC, MenY and
MenW. Particular embodiments of the invention are
immunogenic compositions comprising: MenA capsular
saccharide wherein the ratio of Men A saccharide to
carrier protein is between 1:2-1:5, 1:2.4-1 :4,
1:2.7-1 :3.5, or 1:2.9- 1:3.1 (w/w) [which may
optionally be conjugated through a linker to the
carrier protein] and MenC capsular saccharide wherein
the ratio of Men C saccharide to carrier protein is
between 5:1-1 :1.99, 2:1-1 :1 .99, 1.5:1-1:1 .8,
1.3:1-1 :1.6, 1.2:1-1 :1.4, or 1.1 :1-1 :1.2 (w/w)
[which may optionally be directly conjugated to the
carrier protein]; MenC capsular 



saccharide wherein the ratio of Men C saccharide to
carrier protein is between 1:2-1 :5, 1:2.4-1 :4,
1:2.7-1 :3.5, or 1:2.9-1 :3.1 (w/w) [which may
optionally be conjugated through a linker to the
carrier protein] and MenY capsular saccharide wherein
the ratio of Men Y saccharide to carrier protein is
between 5:1-1 : 1 .99, 2:1-1 :1 .99, 1.5:1-1:1 .8,
1.3:1-1:1 .6, 1.2:1-1 :1.4, or 1.1:1-1:1.2 (w/w)
[which may optionally be directly conjugated to the
carrier protein]; MenA and MenC capsular saccharides
wherein the ratio of Men A and C saccharide to carrier
protein(s) is between 1:2-1:5, 1:2.4-1 :4,
1:2.7-1:3.5, or 1:2.9-1:3.1 (w/w) [and which may
optionally be conjugated through a linker to the
carrier protein(s)] and MenY and Men W capsular
saccharides wherein the ratio of Men Y and W
saccharide to carrier protein is between 5:1-1 :1 .99,
2:1-1 : 1 .99, 1.5:1-1 :1 .8, 1.3:1-1 :1.6, 1.2:1-1:1
.4, or 1. 1 :1-1 :1.2 (w/w) [and which may optionally
be directly conjugated to the carrier protein(s)];
MenA capsular saccharide wherein the ratio of Men A
saccharide to carrier protein is between 1:2-1 :5,
1:2.4-1:4, 1:2.7-1:3.5, or 1:2.9-1 :3.1 (w/w) [which
may optionally be conjugated through a linker to the
carrier protein] and MenC, MenY and Men W capsular
saccharides wherein the ratio of Men Y and W and C
saccharide to carrier protein is between 5:1-1:1 .99,
2:1-1:1 .99, 1.5:1-1:1 .8, 1.3:1-1:1 .6, 1.2:1-1 :1.4,
or 1.1 :1-1:1 .2 (w/w) [and which may optionally be
directly conjugated to the carrier protein(s)]. In any
of these embodiments a Hib conjugate may also be
included, which is linked to a carrier protein (see
list of carriers above and below, for example TT, and
for saccharide:protein ratios) directly or through a
linker. The term "saccharide" throughout this
specification may indicate polysaccharide or
oligosaccharide and includes both. Polysaccharides are
isolated from bacteria or isolated from bacteria and
sized to some degree by known methods (see for example
EP497524 and EP497525) and optionally by
microfluidisation. Polysaccharides can be sized in
order to reduce viscosity in polysaccharide samples
and/or to improve filterability for
conjugatedproducts. Oligosaccharides have a low number
of repeat units (typically 5-30 repeat units) and are
typically hydrolysed polysaccharides. Each N.
meningitidis (and/or Hib) capsular saccharide may be
conjugated to a carrier protein independently selected
from the group consisting of TT, DT, CRM197, fragment
C of TT and protein D. A more complete list of protein
carriers that may be used in the conjugates of the
invention is presented below. Although one or more N.
meningitidis (and/or Hib) capsular saccharide may be
conjugated to different carrier proteins from the
others, in one embodiment they are all conjugated to
the same carrier protein. For instance they may all be
conjugated to the same carrier protein selected from
the group consisting of TT, DT, CRM197, fragment C of
TT and protein D. In this context CRM197 and DT may be
considered to be the same carrier protein as they
differ by only one amino acid. In an embodiment all
the N. meningitidis (and/or Hib) capsular saccharides
present are conjugated to TT. If the protein carrier
is the same for 2 or more saccharides in the
composition, the saccharides could be conjugated to
the same molecule of the protein carrier (carrier
molecules having 2 more different saccharides
conjugated to it) [see for instance WO 04/083251 ; for
example, a single carrier protein might be conjugated
to MenA and MenC; MenA and MenW; MenA and MenY; MenC
and MenW; MenC and MenY; Men W and MenY; MenA, MenC
and MenW; MenA, MenC and MenY; MenA, MenW and MenY;
MenC, MenW and MenY; MenA, MenC, MenW and MenY; Hib
and MenA; Hib and MenC; Hib and MenW; or Hib and
MenY]. Alternatively the saccharides may each be
separately conjugated to different molecules of the
protein carrier (each molecule of protein carrier only
having one type of saccharide conjugated to it).
Immunogenic compositions of the first aspect of the
invention may also have any or all the additional
characteristics of the second aspect of the invention
and vice versa. In a second aspect of the invention
there is presented an immunogenic composition
comprising at least 2 different saccharides conjugated
separately to the same type of carrier protein,
wherein one or more saccharide(s) is/are conjugated to
the carrier protein wherein the saccharide:protein
ratio (w/w) is between 1:2-1:5 [a high ratio], and one
or more different saccharides is/are conjugated to the
carrier protein wherein the saccharide:protein ratio
(w/w) is between 5:1-1:1.99 [a low ratio].By
"conjugated separately to the same type of carrier
protein" it is meant that the saccharides are
conjugated to the same carrier individually (i.e.
different saccharides are not conjugated to the same
molecule of the same protein carrier). The capsular
saccharide(s) may be conjugated to the same type of
carrier protein independently selected from the group
consisting of TT, DT, CRM197, fragment C of TT and
protein D. A more complete list of protein carriers
that may be used in the conjugates of the invention is
presented below. In this context CRM197 and DT may be
considered to be the same carrier protein as they
differ by only one amino acid. In an embodiment all
the capsular saccharides present are conjugated to TT.
The high ratio (1:2-1:5) and low ratio (5:1-1:1 .99)
saccharides may be selected from a group consisting
of: N. meningitidis serogroup A capsular saccharide
(MenA), N. meningitidis serogroup C capsular
saccharide (MenC), N. meningitidis serogroup Y
capsular saccharide (MenY), N. meningitidis serogroup
W capsular saccharide (MenW), H. influenzae type b
capsular saccharide (Hib), Group B Streptococcus group
I capsular saccharide, Group B Streptococcus group Il
capsular saccharide, Group B Streptococcus group III
capsular saccharide, Group B Streptococcus group IV
capsular saccharide, Group B Streptococcus group V
capsular saccharide, Staphylococcus aureus type 5
capsular saccharide, Staphylococcus aureus type 8
capsular saccharide, Vi saccharide from Salmonella
typhi, N. meningitidis LPS (such as L3 and/or L2), M.
catarrhalis LPS, H. influenzae LPS, and from any of
the capsular pneumococcal saccharides such as from
serotype: 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9N, 9V, 10A,
11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F or
33F. In one embodiment the immunogenic composition of
the invention consists of or comprises two or more
different saccharides from the same genus of bacteria
(e.g. Neisseria, Streptococcus, Staphylococcus, or
Haemophilus). In one embodiment, MenA is a high ratio
saccharide; in another Men W a low ratio saccharide;
in another MenY a low ratio saccharide; in another
MenC a high ratio saccharide; in another MenC a low
ratio saccharide; in another Hib a high ratio
saccharide. Vaccines comprising MenA/C may be high/low
ratio, respectively, vaccines comprising MenC/Y may be
high/low ratio, respectively, vaccines comprising
MenA/C/W/Y may be high/high/low/low ratio,
respectively, and vaccines comprising MenA/C/W/Y may
be high/low/low/low ratio, respectively. General
considerations in the aspects of the inventionThe
saccharides of the invention (in particular the N.
meningitidis saccharides and/or the Hib capsular
saccharide) included in pharmaceutical (immunogenic)
compositions of the invention are conjugated to a
carrier protein such as tetanus toxoid (TT)1 tetanus
toxoid fragment C, non-toxic mutants of tetanus toxin
[note all such variants of TT are considered to be the
same type of carrier protein for the purposes of this
invention], diphtheria toxoid (DT), CRM197, other
non-toxic mutants of diphtheria toxin [such as CRM176,
CRM 197, CRM228, CRM 45 (Uchida et al J. Biol. Chem.
218; 3838-3844, 1973); CRM 9, CRM 45, CRM102, CRM 103
and CRM107 and other mutations described by Nicholls
and Youle in Genetically Engineered Toxins, Ed:
Frankel, Maecel Dekker Inc, 1992; deletion or mutation
of Glu-148 to Asp, GIn or Ser and/or Ala 158 to GIy
and other mutations disclosed in US 4709017 or US
4950740; mutation of at least one or more residues Lys
516, Lys 526, Phe 530 and/or Lys 534 and other
mutations disclosed in US 5917017 or US 6455673; or
fragment disclosed in US 584371 1] (note all such
variants of DT are considered to be the same type of
carrier protein for the purposes of this invention),
pneumococcal pneumolysin (Kuo et al (1995) Infect
lmmun 63; 2706-13), OMPC (meningococcal outer membrane
protein - usually extracted from N. meningitidis
serogroup B - EP0372501), synthetic peptides
(EP0378881, EP0427347), heat shock proteins (WO
93/17712, WO 94/03208), pertussis proteins (WO
98/58668, EP0471 177), cytokines, lymphokines, growth
factors or hormones (WO 91/01 146), artificial
proteins comprising multiple human CD4+ T cell
epitopes from various pathogen derived antigens
(Falugi et al (2001) Eur J Immunol 3 1; 3816-3824)
such as N19 protein (Baraldoi et al (2004) Infect
lmmun 72; 4884-7) pneumococcal surface protein PspA
(WO 02/091998), iron uptake proteins (WO 01/72337),
toxin A or B of C. difficile (WO 00/61761) or Protein
D (EP59461 0 and WO 00/56360). In an embodiment, the
immunogenic composition of the invention uses the same
type of carrier protein (independently) in at least
two, three, four or each of the saccharides (e.g. N.
meningitidis capsular saccharides and/or Hib)
contained therein. In an embodiment where Hib and N.
meningitidis capsular saccharides are present, Hib may
be conjugated to the same carrier protein as the at
least two, three, four or each of the N. meningitidis
saccharides. For example, 2, 3 or 4 of the N.
meningitidis saccharides (MenA,C,Y,W) are
independently conjugated to tetanus toxoid to make 2,
3 or 4 conjugates, and optionally Hib is also
conjugated to TT.In an embodiment, the immunogenic
composition of the invention comprises a N.
meningitidis saccharide conjugated to a carrier
protein selected from the group consisting of TT, DT,
CRM197, fragment C of TT and protein D. In an
embodiment, the immunogenic composition of the
invention comprises a Hib saccharide conjugated to a
carrier protein selected from the group consisting of
TT, DT, CRM1 97, fragment C of TT and protein D. The
immunogenic composition of the invention optionally
comprises at least one meningococcal saccharide (for
example MenA; MenC; MenW; MenY; MenA and MenC; MenA
and MenW; MenA and MenY; MenC and Men W; Men C and
MenY; Men W and MenY; MenA, MenC and MenW; MenA, MenC
and MenY; MenA, MenW and MenY; MenC, MenW and MenY or
MenA, MenC, MenW and MenY) conjugate having a ratio of
Men saccharide to carrier protein of between 1:5 and
5:1 , between 1:2 and 5:1 , between 1:0.5 and 1:2.5 or
between 1:1.25 and 1:2.5(w/w). The immunogenic
composition of the invention optionally comprises a
Hib saccharide conjugate having a ratio of Hib to
carrier protein of between 1:5 and 5:1 ; 1:2 and 2:1 ;
1:1 and 1:4; 1:2 and 1:3.5; or around or exactly 1:2.5
or 1:3 (w/w). In an embodiment, the immunogenic
composition of the invention the N. meningitidis
saccharide(s) and/or the Hib saccharide is conjugated
to the carrier protein via a linker, for instance a
bifunctional linker. The linker is optionally
heterobifunctional or homobifunctional, having for
example a reactive amino group and a reactive
carboxylic acid group, 2 reactive amino groups or two
reactive carboxylic acid groups. The linker has for
example between 4 and 20, 4 and 12, 5 and 10 carbon
atoms. A possible linker is ADH. Other linkers include
B-propionamido (WO 00/10599), nitrophenyl-ethylamine
(Gever et al (1979) Med. Microbiol. Immunol. 165;
171-288), haloalkyl halides (US4057685), glycosidic
linkages (US4673574, US4808700), hexane diamine and 6-
aminocaproic acid (US4459286). The saccharide
conjugates present in the immunogenic compositions of
the invention may be prepared by any known coupling
technique. The conjugation method may rely on
activation of the saccharide with
1-cyano-4-dimethylamino pyridinium tetrafluoroborate
(CDAP) to form a cyanate ester. The activated
saccharide may thus be coupled directly or via a
spacer (linker) group to an amino group on the carrier
protein. For example, the spacer could be cystamine or
cysteamine to give a thiolated polysaccharide which
could be coupled to the carrier via a thioether
linkage obtained after reaction with a
maleimideactivated carrier protein (for example using
GMBS) or a holoacetylated carrier protein (for example
using iodoacetimide or N-succinimidyl
bromoacetatebromoacetate). Optionally, the cyanate
ester (optionally made by CDAP chemistry) is coupled
with hexane diamine or ADH and the amino-derivatised
saccharide is conjugated to the carrier protein using 



using carbodiimide (e.g. EDAC or EDC) chemistry via a
carboxyl group on the protein carrier. Such conjugates
are described in PCT published application WO 93/15760
Uniformed Services University and WO 95/08348 and WO
96/29094. Other suitable techniques use carbiinides,
hydrazides, active esters, norborane, pnitrobenzoic
acid, N-hydroxysuccinimide, S-NHS, EDC, TSTU. Many are
described in WO 98/42721 . Conjugation may involve a
carbonyl linker which may be formed by reaction of a
free hydroxyl group of the saccharide with CDI
(Bethell et al J. Biol. Chem. 1979, 254; 2572-4, Hearn
et al J. Chromatogr. 1981 . 218; 509-18) followed by
reaction of with a protein to form a carbamate
linkage. This may involve reduction of the anomeric
terminus to a primary hydroxyl group, optional
protection/deprotection of the primary hydroxyl group'
reaction of the primary hydroxyl group with CDI to
form a CDI carbamate intermediate and coupling the CDI
carbamate intermediate with an amino group on a
protein. The conjugates can also be prepared by direct
reductive amination methods as described in US 4365170
(Jennings) and US 4673574 (Anderson). Other methods
are described in EP-0-161-188, EP-208375 and
EP-0-477508. A further method involves the coupling of
a cyanogen bromide (or CDAP) activated saccharide
derivatised with adipic acid dihydrazide (ADH) to the
protein carrier by Carbodiimide condensation (Chu C.
et al Infect. Immunity, 1983 245 256), for example
using EDAC. In an embodiment, a hydroxyl group
(optionally an activated hydroxyl group for example a
hydroxyl group activated by a cyanate ester) on a
saccharide is linked to an amino or carboxylic group
on a protein either directly or indirectly (through a
linker). Where a linker is present, a hydroxyl group
on a saccharide is optionally linked to an amino group
on a linker, for example by using CDAP conjugation. A
further amino group in the linker for example ADH) may
be conjugated to a carboxylic acid group on a protein,
for example by using carbodiimide chemistry, for
example by using EDAC. In an embodiment, the Hib or N.
meningitidis capsular saccharide(s) (or saccharide in
general) is conjugated to thelinker first before the
linker is conjugated to the carrier protein.
Alternatively the linker may be conjugated to the
carrier before conjugation to the saccharide. In
general the following types of chemical groups on a
protein carrier can be used for coupling /
conjugation: A) Carboxyl (for instance via aspartic
acid or glutamic acid). In one embodiment this group
is linked to amino groups on saccharides directly or
to an amino group on a linker with carbodiimide
chemistry e.g. with EDAC. B) Amino group (for instance
via lysine). In one embodiment this group is linked to
carboxyl groups on saccharides directly or to a
carboxyl group on a linker with carbodiimide chemistry
e.g. with EDAC. In another embodiment this group is
linked to hydroxyl groups activated with CDAP or CNBr
on saccharides directly or to such groups on a linker;
to saccharides or linkers having an aldehyde group; to
saccharides or linkers having a succinimide ester
group. C) Sulphydryl (for instance via cysteine). In
one embodiment this group is linked to a bromo or
chloro acetylated saccharide or linker with maleimide
chemistry. In one embodiment this group is
activated/modified with bis diazobenzidine. D)
Hydroxyl group (for instance via tyrosine). In one
embodiment this group is activated/modified with bis
diazobenzidine. E) Imidazolyl group (for instance via
histidine). In one embodiment this group is
activated/modified with bis diazobenzidine. F)
Guanidyl group (for instance via arginine). G) lndolyl
group (for instance via tryptophan). On a saccharide,
in general the following groups can be used for a
coupling: OH, COOH or NH2. Aldehyde groups can be
generated after different treatments known in the art
such as: periodate, acid hydrolysis, hydrogen
peroxide, etc.Direct coupling approaches:
Saccharide-OH + CNBr or CDAP > cyanate ester +
NH2-Prot - > conjugate Saccharide-aldehyde + NH2-Prot
- > Schiff base + NaCNBH3 - > conjugate
Saccharide-COOH + NH2-Prot + EDAC - > conjugate
Saccharide-NH2 + COOH-Prot + EDAC - > conjugate
Indirect coupling via spacer (linker) approaches:
Saccharide-OH + CNBr or CDAP -> cyanate ester + NH2-
NH2 - > saccharide- NH2 + COOH-Prot + EDAC > conjugate
Saccharide-OH + CNBr or CDAP - > cyanate ester + NH2
SH > saccharide- SH + SH-Prot (native Protein with an
exposed cysteine or obtained after modification of
amino groups of the protein by SPDP for instance) - >
saccharide-S-S-Prot Saccharide-OH + CNBr or CDAP ->
cyanate ester + NH2- SH > saccharide- SH +
maleimide-Prot (modification of amino groups) - >
conjugate Saccharide-COOH + EDAC + NH2 NH2 ->
saccharide NH2 + EDAC + COOHProt - > conjugate
Saccharide-COOH + EDAC+ NH2- SH - > saccharide- SH +
SH-Prot (native Protein with an exposed cysteine or
obtained after modification of amino groups of the
protein by SPDP for instance) > saccharide-S-S-Prot
Saccharide-COOH + EDAC+ NH2- SH - > saccharide- SH +
maleimide-Prot (modification of amino groups) - >
conjugate Saccharide-Aldehyde + NH2 NH2 - >
saccharide-NH2 + EDAC + COOH-Prot - > conjugate Note:
instead of EDAC above, any suitable carbodiimide may
be used.In summary, the types of protein carrier
chemical group that may be generally used for coupling
with a saccharide are amino groups (for instance on
lysine residues), COOH groups (for instance on
aspartic and glutamic acid residues) and SH groups (if
accessible) (for instance on cysteine residues. In an
embodiment, the Hib saccharide, where present, is
conjugated to the carrier protein using CNBr, or CDAP,
or a combination of CDAP and carbodiimide chemistry
(such as EDAC), or a combination of CNBr and
carbodiimide chemistry (such as EDAC). Optionally Hib
is conjugated using CNBr and carbodiimide chemistry,
optionally EDAC. For example, CNBr is used to join the
saccharide and linker and then carbodiimide chemistry
is used to join linker to the protein carrier. In an
embodiment, at least one of the N. meningitidis
capsular saccharides (or saccharide in general) is
directly conjugated to a carrier protein; optionally
Men W and/or MenY and/or MenC saccharide(s) is
directly conjugated to a carrier protein. For example
MenW; MenY; MenC; MenW and MenY; MenW and MenC; MenY
and MenC; or MenW, MenY and MenC are directly linked
to the carrier protein. Optionally the at least one of
the N. meningitidis capsular saccharides is directly
conjugated by CDAP. For example MenW; MenY; MenC; MenW
and MenY; MenW and MenC; MenY and MenC; or MenW, MenY
and MenC are directly linked to the carrier protein by
CDAP (see WO 95/08348 and WO 96/29094). In an
embodiment, all N. meningitidis capsular saccharides
are conjugated to tetanus toxoid. Optionally the ratio
of Men W and/or Y saccharide to carrier protein is
between 1:0.5 and 1:2 (w/w) and/or the ratio of MenC
saccharide to carrier protein is between 1:0.5 and 1:4
or 1:0.5 and 1:1.5 (w/w), especially where these
saccharides are directly linked to the protein,
optionally using CDAP. In an embodiment, at least one
of the N. meningitidis capsular saccharide(s) (or
saccharide in general) is conjugated to the carrier
protein via a linker, for instance a bifunctional
linker. The linker is optionally heterobifunctional or
homobifunctional, having for example a reactive amine
group and a reative carboxylic acid group, 2 reactive
amine groups or 2 reactive carboxylic acid groups. The
linker has for example between 4 and 20, 4 and 12, 5
and 10 carbon atoms. A possible linker is ADH.In an
embodiment, MenA; MenC; or MenA and MenC is conjugated
to a carrier protein (for example tetanus toxoid) via
a linker. In an embodiment, at least one N.
meningitidis saccharide is conjugated to a carrier
protein via a linker using CDAP and EDAC. For example,
MenA; MenC; or MenA and MenC are conjugated to a
protein via a linker (for example those with two
hydrazino groups at its ends such as ADH) using CDAP
and EDAC as described above. For example, CDAP is used
to conjugate the saccharide to a linker and EDAC is
used to conjugate the linker to a protein. Optionally
the conjugation via a linker results in a ratio of
saccharide to carrier protein of of between 1:0.5 and
1:6; 1:1 and 1:5 or 1:2 and 1:4, for MenA; MenC; or
MenA and MenC. A further consideration in a
combination vaccine comprising various saccharides
conjugated to the same carrier is the issue of carrier
immune suppression: too much carrier may be used and
the immune response may be dampened. With a uniform
approach to conjugation the carrier will present a
similar blend of B- and T- cell epitopes to the immune
system. However if conjugation takes place at
different chemical groups within the carrier protein
for one saccharide versus another, the protein
carriers are likely to be different to some extent in
how they present themselves to the immune system.
Accordingly for all aspects of the invention herein
there is also provided an immunogenic composition
comprising at least 2 different saccharides conjugated
separately to the same type of carrier protein (for
instance tetanus toxoid), wherein one or more
saccharide(s) is/are conjugated to the carrier protein
via a first type of chemical group on the protein
carrier, and one or more saccharide(s) is/are
conjugated to the carrier protein via a second
(different) type of chemical group on the protein
carrier. The first and second types of chemical group
may be present in the protein carrier on a mutually
exclusive first and second set of amino acids of the
protein carrier (for instance certain aspartic acid /
glutamic acid residues in one set and certain
lysine/arginine residues in the second). One
saccharide may be conjugated to a carboxyl group on
the carrier, and another on an amino group for
instance. Such conjugation may involve conjugation on
separate B- and/or T-cell epitopes for each different
conjugate. For instance in a MenAC vaccine, MenA may
be linked to a first type of chemical group (such as
carboxyl) on the carrier protein and MenC linked to a
second (such as amino). Ina MenCY vaccine MenC may be
linked to a first type of chemical group (such as
carboxyl) on the carrier protein and MenY linked to a
second (such as amino). In a MenACWY vaccine, MenAC
may be linked to a first type of chemical group (such
as carboxyl) on the carrier protein and MenWY linked
to a second (such as amino), or MenA may be linked to
a first type of chemical group (such as carboxyl) on
the carrier protein and MenCWY linked to a second
(such as amino). In one embodiment the 2 conjugates
may involve the same type of saccharide linked to the
same type of carrier, but by different conjugation
chemistries. In an alternative embodiment 2 different
saccharides are conjugated to different groups on the
protein carrier. By "conjugated separately to the same
type of carrier protein" it is meant that the
saccharides are conjugated to the same carrier
individually (i.e. both first and second chemical
groups on the same molecule of protein carrier are not
used to conjugate the saccharide moieties, rather the
first chemical group on a first aliquot of protein
carrier is used in respect of conjugating a first
saccharide, and a second chemical group on a second
aliquot of the protein carrier is used in respect of
conjugating a second saccharide). In one embodiment
the first and second type of chemical group on the
protein carrier are present on separate B- and/or
T-cell epitopes on the carrier protein. That is, they
are present on a different set of B- and/or T-cell
epitopes from each other. To predict B-cell 



epitopes for a carrier known methods may be used such
as either or both of the following two methods:
2D-structure prediction and/or antigenic index
prediction. 2D-structure prediction can be made using
the PSIPRED program (from David Jones, Brunei
Bioinformatics Group, Dept. Biological Sciences,
Brunei University, Uxbridge UB8 3PH, UK). The
antigenic index can be calculated on the basis of the
method described by Jameson and Wolf (CABIOS 4:181-186
[1988]). The parameter used in this program are the
antigenic index and the minimal length for an
antigenic peptide. An antigenic index of 0.9 for a
minimum of 5 consecutive amino acids can be used as
the thresholds in the program. T-helper cell epitopes
are peptides bound to HLA class Il molecules and
recognized by T-helper cells. The prediction of useful
T-helper cell epitopes can be based on known
techniques, such as the TEPITOPE method describe by
Sturniolo at al. (Nature Biotech. 17: 555-561 [1999]).
The first and second chemical groups present on the
protein carrier are optionally different from each
other and are ideally natural chemical groups that may
be readily used forconjugation purposes. They may be
selected independently from the group consisting of:
carboxyl groups, amino groups, sulphydryl groups,
Hydroxyl groups, Imidazolyl groups, Guanidyl groups,
and lndolyl groups. In one embodiment the first
chemical group is carboxyl and the second is amino, or
vice versa. These groups are explained in greater
detail above. In a specific embodiment the immunogenic
composition comprises at least 2 different N.
meningitidis capsular saccharides, wherein one or more
is/are selected from a first group consisting of MenA
and MenC which is/are conjugated to the carrier
protein via the first type of chemical group on the
protein carrier (for instance carboxyl), and one or
more different saccharides is/are selected from a
second group consisting of MenC, MenY and MenW which
is/are conjugated to the carrier protein via the
second type of chemical group on the protein carrier
(for instance amino). In a further embodiment the
immunogenic composition of the invention comprises
MenA conjugated via the first type of chemical group
(for instance carboxyl), and MenC conjugated via the
second type of chemical group (for instance amino). In
another embodiment the immunogenic composition
comprises MenC conjugated via the first type of
chemical group (for instance carboxyl), and MenY
conjugated via the second type of chemical group (for
instance amino). In another embodiment the immunogenic
composition comprises MenA conjugated via the first
type of chemical group (for instance carboxyl), and
MenC, MenY and MenW conjugated via the second type of
chemical group (for instance amino). In another
embodiment the immunogenic composition comprises MenA
and MenC conjugated via the first type of chemical
group (for instance carboxyl), and MenY and MenW
conjugated via the second type of chemical group (for
instance amino). In any of the above embodiments Hib
may also be present also conjugated to the same type
of protein carrier. Hib may be conjugated to the
carrier by the first or second type of chemical group.
In one embodiment it is conjugated via a carboxyl
group. In an embodiment, the MenA capsular saccharide,
where present, is at least partially Oacetylated such
that at least 50%, 60%, 70%, 80%, 90%, 95% or 98% of
the repeat unitsare O-acetylated at at least one
position. O-acetylation is for example present at
least at the 0-3 position of at least 50%, 60%, 70%,
80%, 90%, 95% or 98% of the repeat units. In an
embodiment, the MenC capsular saccharide, where
present, is is at least partially Oacetylated such
that at least 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%
or 98% of (a2 ->9)-linked NeuNAc repeat units are
O-acetylated at at least one or two positions.
Oacetylation is for example present at the O-7 and/or
O-8 position of at least 30%. 40%, 50%, 60%, 70%, 80%,
90%, 95% or 98% of the repeat units. In an embodiment,
the MenW capsular saccharide, where present, is is at
least partially O-acetylated such that at least 30%,
40%, 50%, 60%, 70%, 80%, 90%, 95% or 98% of the repeat
units are O-acetylated at at least one or two
positions. O-acetylation is for example present at the
O-7 and/or O-9 position of at least 30%. 40%, 50%,
60%, 70%, 80%, 90%, 95% or 98% of the repeat units. In
an embodiment, the MenY capsular saccharide, where
present, is at least partially Oacetylated such that
at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%
or 98% of the repeat units are O-acetylated at at
least one or two positions. O-acetylation is present
at the 7 and/or 9 position of at least 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, 95% or 98% of the repeat
units. The percentage of O-acetylation refers to the
percentage of the repeat units containing
Oacetylation. This may be measured in the saccharide
prior to conjugate and/or after conjugation. In one
embodiment of the invention the immunogenic
composition is such wherein each saccharide present,
or each type of N. meningitidis capsular saccharide
present, is conjugated to TT. In a further embodiment
each type of N. meningitidis capsular saccharide is
separately conjugated to a separate type of carrier
protein. In a further embodiment each N. meningitidis
capsular saccharide conjugate has a saccharide:carrier
ratio of 1:5-5:1 or 1:1-1:4(w/w). In a further
embodiment at least one, two or three N. meningitidis
capsular saccharide conjugate(s) is directly
conjugated to a carrier protein. In a further
embodiment Men W and/or MenY, MenW and/or MenC, MenY
and/or MenC, or MenW and MenC and MenY are directly
conjugated to a carrier protein. In a further
embodiment at least one, two or three N. meningitidis
saccharide conjugate(s) is directlyconjugated by CDAP
chemistry. In a further embodiment the ratio of Men W
and/or Y saccharide to carrier protein is between
1:0.5 and 1:2 (w/w). In a further embodiment the ratio
of MenC saccharide to carrier protein is between 1:0.5
and 1:2 (w/w). In a further embodiment at least one,
two or three N. meningitidis capsular saccharide(s)
are conjugated to the carrier protein via a linker
(which may be bifunctional such as having two reactive
amino groups (such as ADH) or two reactive carboxyl
groups, or a reactive amino group at one end and a
reactive carboxyl group at the other). The linker can
have between 4 and 12 carbon atoms. In a further
embodiment the or each N. meningitidis capsular
saccharide(s) conjugated via a linker are conjugated
to the linker with CDAP chemistry. In a further
embodiment the carrier protein is conjugated to the
linker using carbodiimide chemistry, optionally using
EDAC. In a further embodiment the or each N.
meningitidis capsular saccharide is conjugated to the
linker before the carrier protein is conjugated to the
linker. In a further embodiment MenA is conjugated to
a carrier protein via a linker (the ratio of MenA
saccharide to carrier protein may be between 1:2 and
1:5 (w/w)). In a further embodiment MenC is conjugated
to a carrier protein via a linker (the ratio of MenC
saccharide to carrier protein may be between 1:2 and
1:5 (w/w)). The immunogenic composition of the
invention optionally comprise one or more saccharide
conjugates wherein the average size of each saccharide
before conjugation is above 5OkDa, 75kDa, 10OkDa,
11OkDa, 12OkDa or 13OkDa. In one embodiment the
conjugate post conjugation should be readily
filterable through a 0.2 micron filter such that a
yield of more than 50, 60, 70, 80, 90 or 95% is
obtained post filtration compared with the pre
filtration sample. In particular, the immunogenic
composition of the invention comprises N. meningitidis
capsular saccharides from at least one, two, three or
four of serogroups A, C, W and Y conjugated to a
carrier protein, wherein the average size
(weight-average molecular weight; Mw) of at least one,
two, three or four or each N. meningitidis saccharide
is above 5OkDa, 6OkDa175kDa, 10OkDa, 11OkDa, 12OkDa or
13OkDa. The immunogenic composition may comprise N.
meningitidis capsular saccharides from at least one,
two, three or four of serogroups A, C, W and Y
conjugated to a carrier protein, wherein at least one,
two, three or four or each N. meningitidis saccharide
is either a native saccharide or is sized by a factor
up to x 1.5, x2, x3, x4, x5, x6, x7, x8, x9 or x 10
relative to the weight average molecular weight of the
native polysaccharide.For the purposes of the
invention, "native polysaccharide" refers to a
saccharide that has not been subjected to a process,
the purpose of which is to reduce the size of the
saccharide. A polysaccharide can become slightly
reduced in size during normal purification procedures.
Such a saccharide is still native. Only if the
polysaccharide has been subjected to sizing techniques
would the polysaccharide not be considered native. For
the purposes of the invention, "sized by a factor up
to x2" means that the saccharide is subject to a
process intended to reduce the size of the saccharide
but to retain a size more than half the size of the
native polysaccharide. X3, x4 etc. are to be
interpreted in the same way i.e. the saccharide is
subject to a process intended to reduce the size of
the polysaccharide but to retain a size more than a
third, a quarter etc. the size of the native
polysaccharide. In an aspect of the invention, the
immunogenic composition comprises N. meningitidis
capsular saccharides from at least one, two, three or
four of serogroups A, C, W and Y conjugated to a
carrier protein, wherein at least one, two, three or
four or each N. meningitidis saccharide is native
polysaccharide. In an aspect of the invention, the
immunogenic composition comprises N. meningitidis
capsular saccharides from at least one, two, three or
four of serogroups A, C, W and Y conjugated to a
carrier protein, wherein at least one, two, three or
four or each N. meningitidis saccharide is sized by a
factor up to x2, x3, x4, x5, x6, x7, x8, x9 or x10.
The immunogenic compositions of the invention
optionally comprise conjugates of : N. meningitidis
serogroup C capsular saccharide (MenC), serogroup A
capsular saccharide (MenA), serogroup W135 capsular
saccharide (MenW), serogroup Y capsular saccharide
(MenY), serogroup C and Y capsular saccharides
(MenCY), serogroup C and A capsular saccharides
(MenAC), serogroup C and W capsular saccharides
(MenCW), serogroup A and Y capsular saccharide
(MenAY), serogroup A and W capsular saccharides
(MenAW), serogroup W and Y capsular saccharides (Men
WY), serogroup A, C and W capsular saccharide
(MenACW), serogroup A, C and Y capsular saccharides
(MenACY); serogroup A, W135 and Y capsular saccharides
(MenAWY), serogroup C, W135 and Y capsular saccharides
(MenCWY); or serogroup A, C, W135 and Y capsular
saccharides (MenACWY). This is the definition of "one
, two, three or four", or "at least one of of
serogroups A, C,W and Y, or of each N. meningitidis
saccharide where mentioned herein.In an embodiment,
the average size of at least one, two, three, four or
each N. meningitidis saccharide is between 50KDa and
150OkDa, 5OkDa and 50OkDa, 50 kDa and 300 KDa, 101 kDa
and 150OkDa, 101 kDa and 50OkDa, 101 kDa and 30OkDa as
determined by MALLS. In an embodiment, the MenA
saccharide, where present, has a molecular weight of
50- 50OkDa, 50-10OkDa, 100-50OkDa, 55-90KDa, 60-7OkDa
or 70-8OkDa or 60-8OkDa by MALLS. In an embodiment,
the MenC saccharide, where present, has a molecular
weight of 100- 20OkDa, 50-10OkDa, 100-15OkDa,
101-13OkDa, 150-21OkDa or 180-21OkDa by MALLS. In an
embodiment the MenY saccharide, where present, has a
molecular weight of 60- 19OkDa, 70-18OkDa, 80-17OkDa,
90-16OkDa, 100-15OkDa or 110-14OkDa, 50-10OkDa,
100-14OkDa, 140-17OkDa or 150-16OkDa by MALLS. In an
embodiment the MenW saccharide, where present, has a
molecular weight of 60- 19OkDa, 70-18OkDa, 80-17OkDa,
90-16OkDa, 100-15OkDa, 110-14OkDa, 50-10OkDa or
120-14OkDa by MALLS. The molecular weight or average
molecular weight of a saccharide herein refers to the
weight-average molecular weight (Mw) of the saccharide
measured prior to conjugation and is measured by
MALLS. The MALLS technique is well known in the art
and is typically carried out as described in example
2. For MALLS analysis of meningococcal saccharides,
two columns (TSKG6000 



and 5000PWxI TOSOH Bioscience) may be used in
combination and the saccharides are eluted in water.
Saccharides are detected using a light scattering
detector (for instance Wyatt Dawn DSP equipped with a
1OmW argon laser at 488nm) and an inferometric
refractometer (for instance Wyatt Otilab DSP equipped
with a P100 cell and a red filter at 498nm). In an
embodiment the N. meningitidis saccharides are native
polysaccharides or native polysaccharides which have
reduced in size during a normal extraction process.In
an embodiment, the N. meningitidis saccharides are
sized by mechanical cleavage, for instance by
microfluidisation or sonication. Microfluidisation and
sonication have the advantage of decreasing the size
of the larger native polysaccharides sufficiently to
provide a filterable conjugate. Sizing is by a factor
of no more than x20, x10, x8, x6, x5, c4, x3 or x2. In
an embodiment, the immunogenic composition comprises
N. meningitidis conjugates that are made from a
mixture of native polysaccharides and saccharides that
are sized by a factor of no more than x20. For
example, saccharides from MenC and/or MenA are native.
For example, saccharides from MenY and/or MenW are
sized by a factor of no more than x20, x10, x8, x6,
x5, x4, x3 or x2. For example, an immunogenic
composition contains a conjugate made from MenY and/or
MenW and/or MenC and/or MenA which is sized by a
factor of no more then x10 and/or is microfluidised.
For example, an immunogenic composition contains a
conjugate made from native MenA and/or MenC and/or
MenW and/or MenY. For example, an immunogenic
composition comprises a conjugate made from native
MenC. For example, an immunogenic composition
comprises a conjugate made from native MenC and MenA
which is sized by a factor of no more then x10 and/or
is microfluidised. For example, an immunogenic
composition comprises a conjugate made from native
MenC and MenY which is sized by a factor of no more
then x10 and/or is microfluidised. In an embodiment,
the polydispersity of the saccharide is 1-1 .5, 1-1.3,
1-1 .2, 1-1 .1 or 1- 1.05 and after conjugation to a
carrier protein, the polydispersity of the conjugate
is 1.0- 2,5, 1.0-2.0. 1.0-1 .5, 1.0-1 .2, 1.5-2.5,
1.7-2.2 or 1.5-2.0. All polydispersity measurements
are by MALLS. Saccharides are optionally sized up to
1.5, 2, 4, 6, 8, 10, 12, 14, 16, 18 or 20 times from
the size of the polysaccharide isolated from bacteria.
In one embodiment each N. meningitidis saccharide is
either a native polysaccharide or is sized by a factor
of no more than x10. In a further embodiment each N.
meningitidis capsular saccharide is a native
polysaccharide. In a further embodiment at least one,
two, three or four N. meningitidis capsular
saccharide(s) is sized by microfluidization. In a
further embodiment each N. meningitidis capsular
saccharide is sized by a factor of no more than x10.
In a further embodiment the N. meningitidis conjugates
are made from a mixture of native polysaccharides and
saccharides that are sized by a factor of no morethan
x10. In a further embodiment the capsular saccharide
from serogroup Y is sized by a factor of no more than
x10. In a further embodiment capsular saccharides from
serogroups A and C are native polysaccharides and
saccharides from serogroups W135 and Y are sized by a
factor of no more than x10. In a further embodiment
the average size of each N. meningitidis capular
saccharide is between 50 kDa and 300 KDa or 5OkDa and
20OkDa. In a further embodiment the immunogenic
composition comprises a MenA capsular saccharide
having an average size of above 5OkDa, 75kDa, 10OkDa
or an average size of between 50-10OkDa or 55-90KDa or
60-8OkDa. In a further embodiment the immunogenic
composition comprises a MenC capsular saccharide
having an average size of above 5OkDa, 75kDa, 10OkDa
or between 100-20OkDa, 100-15OkDa, 80-12OkDa , 90-1
1OkDa, 150-20OkDa, 120-24OkDa, 140-22OkDa, 160-20OkDa
or 190-20OkDa. In a further embodiment the immunogenic
composition comprises a MenY capsular saccharide,
having an average size of above 5OkDa, 75kDa, 10OkDa
or between 60- 19OkDa or 70-18OkDa or 80-17OkDa or
90-16OkDa or 100-15OkDa , 110-145kDa or 120- 14OkDa.
In a further embodiment the immunogenic composition
comprises a MenW capsular saccharide having an average
size of above 5OkDa 75kDa, 10OkDa or between 60-19OkDa
or 70-18OkDa or 80-17OkDa or 90-16OkDa or 100-15OkDa,
140-18OkDa, 150- 17OkDa or 110-14OkDa. The immunogenic
composition of the invention may comprise a H.
influenzae b capsular saccharide (Hib) conjugated to a
carrier protein. This may be conjugated to a carrier
protein selected from the group consisting of TT, DT,
CRM197, fragment C of TT and protein D, for instance
TT. The Hib saccharide may be conjugated to the same
carrier protein as for at least one, two, three or all
of the N. meningitidis capsular saccharide conjugates,
for instance TT. The ratio of Hib to carrier protein
in the Hib capsular saccharide conjugate may be
between 1:5 and 5:1 (w/w), for instance between 1:1
and 1:4, 1:2 and 1:3.5 or around 1:3 (w/w). The Hib
capsular saccharide may be conjugated to the carrier
protein via a linker (see above). The linker may be
bifunctional (with two reactive amino groups, such as
ADH, or two reactive carboxylic acid groups, or a
reactive amino group at one end and a reactive
carboxylic acid group at the other end). It may have
between 4 and 12 carbon atoms. Hib saccharide may be
conjugated to the carrier protein or linker using CNBr
or CDAP. The carrier protein may be conjugated to the
Hib saccharide via the linker using a method
comprising carbodiimide chemistry, optionally EDAC
chemistry (thus using the carboxyl chemical group on
the carrier). The dose of the Hib saccharide conjugate
may be between 0.1 and 9mg, 1 and 5mg or 2 and 3mg of
saccharide.In a further embodiment, the immunogenic
composition of the invention comprises a Hib
saccharide conjugate and at least two N. meningitidis
saccharide conjugates wherein the Hib conjugate is
present in a lower saccharide dose than the mean
saccharide dose of the at least two N. meningitidis
saccharide conjugates. Alternatively, the Hib
conjugate is present in a lower saccharide dose than
the saccharide dose of each of the at least two L/.
meningitidis saccharide conjugates. For example, the
dose of the Hib conjugate may be at least 10%, 20%,
30%, 40%, 50%, 60%, 70% or 80% lower than the mean or
lowest saccharide dose of the at least two further N.
meningitidis saccharide conjugates. The mean dose is
determined by adding the doses of all the further
saccharides and dividing by the number of further
saccharides. Further saccharides are all the
saccharides within the immunogenic composition apart
from Hib and can include N. meningitidis capsular
saccharides. The "dose" is in the amount of
immunogenic composition or vaccine that is
administered to a human. A Hib saccharide is the
polyribosyl phosphate (PRP) capsular polysaccharide of
Haemophilus influenzae type b or an oligosaccharide
derived therefrom. "At least two further bacterial
saccharide conjugates" is to be taken to mean two
further bacterial saccharide conjugates in addition to
a Hib conjugate. The two further bacterial conjugates
may include N. meningitidis capular saccharide
conjugates. The immunogenic compositions of the
invention may comprise further saccharide conjugates
derived from one or more of Neisseria meningitidis,
Streptococcus pneumoniae, Group A Streptococci, Group
B Streptococci, S. typhi, Staphylococcus aureus or
Staphylococcus epidermidis. In an embodiment, the
immunogenic composition comprises capsular saccharides
derived from one or more of serogroups A, C, W135 and
Y of Neisseria meningitidis. A further embodiment
comprises capsular saccharides derived from
Streptococcus pneumoniae. The pneumococcal capsular
saccharide antigens are optionally selected from
serotypes 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9N, 9V, 10A,
11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F
and 33F (optionally from serotypes 1, 3, 4, 5, 6B, 7F,
9V, 14, 18C, 19F and 23F). A further embodiment
comprises the Type 5, Type 8 or 336 capsular
saccharides of Staphylococcus aureus. A further
embodiment comprises the Type I, Type Il or Type III
capsular saccharides of Staphylococcus epidermidis. A
further embodiment comprises the Vi saccharide from S.
typhi. A furtherembodiment comprises the Type Ia, Type
Ic, Type II, Type III or Type V capsular saccharides
of Group B streptocoocus. A further embodiment
comprises the capsular saccharides of Group A
streptococcus, optionally further comprising at least
one M protein and more optionally multiple types of M
protein. The immunogenic compositions of the invention
may also comprise a DTPa or DTPw vaccine (for instance
one containing DT, TT and either a whole cell
pertussis (Pw) vaccine or an acellular pertussis (Pa)
vaccine (comprising for instance pertussis toxoid,
FHA, pertactin, and, optionally agglutinogins 2 and
3). Such combinations may also comprise a vaccine
against hepatitis B (for instance it may comprise
hepatitis B surface antigen [HepB], optionally
adsorbed onto aluminium phosphate). In one embodiment
the immunogenic composition of the invention comprises
a DTPwHepBHibMenAC vaccine where the MenAC component
is as described herein. In an embodiment, the
immunogenic composition of the invention further
comprises an antigen from N. meningitidis serogroup B.
The antigen is optionally a capsular polysaccharide
from N. meningitidis serogroup B (MenB) or a sized
polysaccharide or oligosaccharide derived therefrom,
which may be conjugated to a protein carrier. The
antigen is optionally an outer membrane vesicle
preparation from N. meningitidis serogroup B as
described in EP301992, WO 01/09350, WO 04/14417, WO
04/14418 and WO 04/14419. In general, the immunogenic
composition of the invention may comprise a dose of
each saccharide conjugate between 2 and 20mg, 3 and
10mg or 4 and 7mg of saccharide. In an embodiment, the
immunogenic composition of the invention contains each
N. meningitidis capsular saccharide at a dose of
between 0.1-20mg; 1-1 Omg; 2-1 Omg, 2.5-5mg, around or
exactly 5mg; or around or exactly 2.5mg. In an
embodiment, the immunogenic composition of the
invention for example contains the Hib saccharide
conjugate at a saccharide dose between 0.1 and 9mg; 1
and 5mg or 2 and 3mg or around or exactly 2.5mg. In a
further embodiment the immunogenic composition of the
invention for example contains the Hib saccharide
conjugate at a saccharide dose between 0.1 and 9mg; 1
and 5mg or 2 and 3mg or around or exactly 2.5mgand
each of the N. meningitidis polysaccharide conjugates
at a saccharide dose of between 2 and 20mg, 3 and
10mg, or between 4 and 7mg or around or exactly 5mg.
"Around" or "approximately" are defined as within 10%
more or less of the given figure for the purposes of
the invention. In an embodiment, the immunogenic
composition of the invention may contain a saccharide
dose of the Hib saccharide conjugate which is for
example less than 90%, 80%, 75%, 70%, 60%, 50%, 40%,
30%, 20% or 10% of the mean saccharide dose of at
least two, three, four or each of the N. meningitidis
saccharide conjugates. The saccharide dose of the Hib
saccharide is for example between 20% and 60%, 30% and
60%, 40% and 60% or around or exactly 50% of the mean
saccharide dose of at least two, three, four or each
of the N. meningitidis saccharide conjugates. In an
embodiment, the immunogenic composition of the
invention contains a saccharide dose of the Hib
saccharide conjugate which is for example less than
90%, 80%, 75%, 70%, 60%, 50%, 40%, 30%, 20% or 10% of
the lowest saccharide dose of the at least two, three,
four or each of the N. meningitidis saccharide
conjugates. The saccharide dose of the Hib saccharide
is for example between 20% and 60%, 30% and 60%, 40%
and 60% or around or exactly 50% of the lowest
saccharide dose of the at least two, three, four or
each of the N. meningitidis saccharide conjugates. In
an embodiment of the invention, the saccharide dose of
each of the at least two, three, four or each of the
N. meningitidis saccharide conjugates is optionally
the same, or approximately the same. Examples of
immunogenic compositions of the invention are
compositions consisting of or 



comprising: Hib conjugate and MenA conjugate and MenC
conjugate, optionally at saccharide dose ratios of
1:2:2, 1:2:1 , 1:4:2, 1:6:3, 1:3:3, 1:4:4, 1:5:5,
1:6:6 (w/w). Optionally, the saccharide dose of MenA
is greater than the saccharide dose of MenC. Hib
conjugate and MenC conjugate and MenY conjugate,
optionally at saccharide dose ratios of 1:2:2, 1:2:1 ,
1:4:2, 1:4:1 , 1:8;4, 1:6:3, 1:3:3, 1:4:4, 1:5:5,
1:6:6 (w/w). Optionally, the saccharide dose of MenC
is greater than the saccharide dose of MenY. Hib
conjugate and MenC conjugate and MenW conjugate,
optionally at saccharide dose ratios of 1:2:2, 1:2:1 ,
1:4:2, 1:4:1 , 1:8;4, 1:6:3, 1:3:3, 1:4:4, 1:5:5,
1:6:6 (w/w). Optionally the saccharide dose of MenC is
greater than the saccharide dose of MenW.Hib conjugate
and MenA conjugate and MenW conjugate, optionally at
saccharide dose ratios of 1:2:2, 1:2:1 , 1:4:2, 1:4:1
, 1:8;4, 1:6:3, 1:3:3, 1:4:4, 1:5:5, 1:6:6 (w/w).
Optionally, the saccharide dose of MenA is greater
than the saccharide dose of MenW. Hib conjugate and
MenA conjugate and MenY conjugate, optionally at
saccharide dose ratios of 1:2:2, 1:2:1 , 1:4:2, 1:4:1
, 1:8:4, 1:6:3, 1:3:3, 1:4:4, 1:5:5, 1:6:6 (w/w).
Optionally the saccharide dose of MenA is greater than
the saccharide dose of MenY. Hib conjugate and MenW
conjugate and MenY conjugate, optionally at saccharide
dose ratios of 1:2:2, 1:2:1 , 1:1 :2, 1:4:2, 1:2:4,
1:4:1 , 1:1 :4, 1:3;6, 1:1 :3, 1:6:3, 1:3:3, 1:4:4,
1:5:5, 1:6:6 (w/w). Optionally the saccharide dose of
MenY is greater than the saccharide dose of MenW.
MenA, MenC, MenW and MenY at saccharide dose ratios of
1:1 : 1 :1 or 1:2:1 :1 or 2:1 : 1 :1 or 2:2:1:1 or
1:3:1:1 or 1:4:1 :1 (w/w). A further aspect of the
invention is a vaccine comprising the immunogenic
composition of the invention and a pharmaceutically
acceptable excipient. In an embodiment, the
immunogenic composition of the invention is buffered
at, or adjusted to, between pH 7.0 and 8.0, pH 7.2 and
7.6 or around or exactly pH 7.4. The immunogenic
composition or vaccines of the invention are
optionally lyophilised in the presence of a
stabilising agent for example a polyol such as sucrose
or trehalose. Optionally, the immunogenic composition
or vaccine of the invention contains an amount of an
adjuvant sufficient to enhance the immune response to
the immunogen. Suitable adjuvants include, but are not
limited to, aluminium salts (aluminium phosphate or
aluminium hydroxide), squalene mixtures (SAF-1),
muramyl peptide, saponin derivatives, mycobacterium
cell wall preparations, monophosphoryl lipid A,
mycolic acid derivatives, non-ionic block copolymer
surfactants, Quit A, cholera toxin B subunit,
polyphosphazene and derivatives, and immunostimulating
complexes (ISCOMs) such as those described by
Takahashi et al. ( 1990) Nature 344:873-875. For the
N. meningitidis or HibMen combinations discussed
above, it may be advantageous not to use any aluminium
salt adjuvant or any adjuvant at all. As with all
immunogenic compositions or vaccines, the
immunologically effective amounts of the immunogens
must be determined empirically. Factors to be
considered include the immunogenicity, whether or not
the immunogen will be complexed with or
covalentlyattached to an adjuvant or carrier protein
or other carrier, route of administrations and the
number of immunising dosages to be administered. The
active agent can be present in varying concentrations
in the pharmaceutical composition or vaccine of the
invention. Typically, the minimum concentration of the
substance is an amount necessary to achieve its
intended use, while the maximum concentration is the
maximum amount that will remain in solution or
homogeneously suspended within the initial mixture.
For instance, the minimum amount of a therapeutic
agent is optionally one which will provide a single
therapeutically effective dosage. For bioactive
substances, the minimum concentration is an amount
necessary for bioactivity upon reconstitution and the
maximum concentration is at the point at which a
homogeneous suspension cannot be maintained. In the
case of single-dosed units, the amount is that of a
single therapeutic application. Generally, it is
expected that each dose will comprise 1-100mg of
protein antigen, optionally 5-50mg or 5-25mg. Examples
of doses of bacterial saccharides are 10-20mg, 5-1
Omg, 2.5-5mg or 1-2.5mg of saccharide in the
conjugate. The vaccine preparations of the present
invention may be used to protect or treat a mammal
(for example a human patient) susceptible to
infection, by means of administering said vaccine via
systemic or mucosal route. A human patient is
optionally an infant (under 12 months), a toddler
(12-24, 12-16 or 12-14 months), a child (2-12, 3-8 or
3-5 years) an adolescent (12-20, 14-20 or 15-19 years)
or an adult. 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
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 if saccharides are
present in a vaccine these could be administered
separately at the same time or 1-2 weeks after the
administration of a bacterial protein vaccine for
optimal coordination of the immune responses with
respect to each other). In addition to a single route
of administration, 2 different routes of
administration may be used. For example, viral
antigens may be administered ID (intradermal), whilst
bacterial proteins may be administered IM
(intramuscular) or IN (intranasal). If saccharides are
present, they may be administered IM (or ID) and
bacterial proteins may be administered IN (or ID).
Inaddition, the vaccines of the invention may be
administered IM for priming doses and IN for booster
doses. 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 Fullerton, US Patent 4,235,877. A further aspect of
the invention is a vaccine kit for concomitant or
sequential administration comprising two multi-valent
immunogenic compositions for conferring protection in
a host against disease caused by Bordetella pertussis,
Clostridium tetani, Corynebacterium diphtheriae and
Neisseria meningitidis and optionally Haemophilus
influenzae. For example, the kit optionally comprises
a first container comprising one or more of: tetanus
toxoid (TT), diphtheria toxoid (DT), and whole cell or
acellular pertussis components and a second container
comprising: an immunogenic composition of the
invention as described above (for instance those
comprising Men or HibMen saccharide conjugate
combinations). A further aspect of the invention is a
vaccine kit for concomitant or sequential
administration comprising two multi-valent immunogenic
compositions for conferring protection in a host
against diease caused by Streptococcus pneumoniae and
Neisseria meningitidis and optionally Haemophilus
influenzae. For example, the kit optionally comprises
a first container comprising: one or more conjugates
of a carrier protein and a capsular saccharide from
Streptococcus pneumoniae [where the capsular
saccharide is optionally from a pneumococcal serotype
selected from the group consisting of 1, 2, 3, 4, 5,
6A, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F,
18C, 19A, 19F, 20, 22F, 23F and 33F]. and a second
container comprising: an immunogenic composition of
the invention as described above (for instance those
comprising Men or HibMen saccharide conjugate
combinations). Examples of the Hib conjugate and the
N. meningitidis polysaccharide conjugates are as
described above.Typically the Streptococcus pneumoniae
vaccine in the vaccine kit of the present invention
(or in any of the immunogenic compositions of the
invention described above) will comprise saccharide
antigens (optionally conjugated), wherein the
saccharides are derived from at least four serotypes
of pneumococcus chosen from the group consisting of 1,
2, 3, 4, 5, 6A, 6B, 7F, 8, 9N, 9V 10A, 11A, 12F 14,
15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and 33F.
Optionally the four serotypes include 6B1 14, 19F and
23F. More optionally, at least 7 serotypes are
included in the composition, for example those derived
from serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F.
Optionally more than 7 serotypes are included in the
composition, for instance at least 10, 11, 12, 13 or
14 serotypes. For example the composition in one
embodiment includes 10 or 11 capsular saccharides
derived from serotypes 1, 4, 5, 6B, 7F, 9V, 14, 18C,
19F and 23F, and optionally 3 (all optionally
conjugated). In an embodiment of the invention at
least 13 saccharide antigens (optionally conjugated)
are included, although further saccharide antigens,
for example 23 valent (such as serotypes 1, 2, 3, 4,
5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F,
18C, 19A, 19F, 20, 22F, 23F and 33F), are also
contemplated by the invention. The pneumococcal
saccharides are independently conjugated to any known
carrier protein, for example CRM197, tetanus toxoid,
diphtheria toxoid, protein D or any other carrier
proteins as mentioned above. Optionally, the vaccine
kits of the invention comprise a third component. For
example, the kit optionally comprises a first
container comprising one or more of: tetanus toxoid
(TT), diphtheria toxoid (DT), and whole cell or
acellular pertussis components and a second container
comprising : one or more conjugates of a carrier
protein and a capsular saccharide from Streptococcus
pneumoniae [where the capsular saccharide is
optionally from a pneumococcal serotype selected from
the group consisting of 1, 2, 3, 4, 5, 6A, 6B, 7F, 8,
9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F,
20, 22F, 23F and 33F]. and a third container
comprising:an immunogenic composition of the invention
as described above (for instance those comprising Men
or HibMen saccharide conjugate combinations). A
further aspect of the invention is a process for
making the immunogenic composition or vaccine of the
invention, comprising the step of mixing the
saccharides of the invention, for instance mixing N.
meningitidis capsular saccharides from at least one,
two, three or all four of serogroups A, C, W and Y
conjugated to a carrier protein with a
pharmaceutically acceptable excipient. A further
aspect of the invention is a method of immunising a
human host against disease caused by N. meningitidis
and optionally Haemophilus influenzae infection
comprising administering to the host an
immunoprotective dose of the immunogenic composition
or vaccine or kit of the invention optionally using a
single dose. An independent aspect of the invention is
a method of immunising a human host with an
immunogenic composition comprising at least 2
different N. meningitidis capsular saccharide
conjugates selected from the group consisting of
serogroup A, C W and Y (optionally MenA, C, W and Y)
wherein a single dose administration (optionally to
teenagers, aldults or children) results in a blood
test taken one month after administration giving over
50%, 60%, 70%, 80%, 90% or 95% responders in an SBA
assay measuring levels of response against MenA, MenC,
MenW and/or MenY. Optionally the SBA assay is as
described in Example 9 with responder assessed as
described in Example 9. A further independent aspect
of the invention is an immunogenic composition
comprising MenA , MenC, MenW and/or MenY conjugates
which is capable of eliciting an immune 



response after a single dose such that over 50%, 60%,
70%, 80%, 90% or 95% of human subjects (children,
teenagers or adults) inoculated are classified as
responders in an SBA assay on blood extracted a month
after inoculation (optionally using the criteria
described in example 9). Such an immunogenic
composition optionally has the further structural
characteristics described herein.A further aspect of
the invention is an immunogenic composition of the
invention for use in the treatment or prevention of
disease caused by N. meningitidis and optionally
Haemophilus influenzae infection. A further aspect of
the invention is use of the immunogenic composition or
vaccine or kit of the invention in the manufacture of
a medicament for the treatment or prevention of
diseases caused by N. meningitidis and optionally
Haemophilus influenzae infection. 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. The invention is illustrated in the
accompanying examples. The examples below are carried
out using standard techniques, which are well known
and routine to those of skill in the art, except where
otherwise described in detail. The examples are
illustrative , but do not limit the invention.Examples
Example 1 - preparation of polysaccharide conjugates
The covalent binding of Haemophilus influenzae (Hib)
PRP polysaccharide to TT was carried out by a coupling
chemistry developed by Chu et al (Infection and
Immunity 1983, 40 (1); 245-256). Hib PRP
polysaccharide was activated by adding CNBr and
incubating at pH10.5 for 6 minutes. The pH was lowered
to pH8.75 and adipic acid dihyrazide (ADH) was added
and incubation continued for a further 90 minutes. The
activated PRP was coupled to purifed tetanus toxoid
via carbodiimide condensation using 1-ethyl-3-(3-
dimethyl-aminopropyl)carbodiimide (EDAC). EDAC was
added to the activated PRP to reach a final ratio of
0.6mg EDAC/mg activated PRP. The pH was adjusted to
5.0 and purified tetanus toxoid was added to reach 2mg
TT/mg activated PRP. The resulting solution was left
for three days with mild stirring. After filtration
through a 0.45mm membrane, the conjugate was purifed
on a sephacryl S500HR (Pharmacia, Sweden) column
equilibrated in 0.2M NaCI. MenC -TT conjugates were
produced using native polysaccharides ( of over 15OkDa
as measured by MALLS) or were slightly microfluidised.
MenA-TT conjugates were produced using either native
polysaccharide or slightly microfluidised
polysaccharide of over 6OkDa as measured by the MALLS
method of example 2. MenW and MenY-TT conjugates were
produced using sized polysaccharides of around
100-20OkDa as measured by MALLS (see example 2).
Sizing was by microfluidisation using a homogenizer
Emulsiflex C-50 apparatus. The polysaccharides were
then filtered through a 0.2mm filter. Activation and
coupling were performed as described in WO96/29094 and
WO 00/56360. Briefly, the polysaccharide at a
concentration of 10-20mg/ml in 2M NaCI pH 5.5-6.0 was
mixed with CDAPsolution (100mg/ml freshly prepared in
acetonitrile/WFI, 50/50) to a final
CDAP/polysaccharide ratio of 0.75/1 or 1.5/1. After
1.5 minutes, the pH was raised with sodium hydroxide
to pH10.0. After three minutes tetanus toxoid was
added to reach a protein/polysaccharide ratio of 1.5/1
for MenW, 1.2/1 for MenY, 1.5/1 for MenA or 1.5/1 for
MenC. The reaction continued for one to two hours.
After the coupling step, glycine was added to a final
ratio of glycine/PS (w/w) of 7.5/1 and the pH was
adjusted to pH9.0. The mixture was left for 30
minutes. The conjugate was clarified using a 10mm
Kleenpak filter and was then loaded onto a Sephacryl
S400HR column using an elution buffer of 15OmM NaCI,
1OmM or 5mM Tris pH7.5. Clinical lots were filtered on
an Opticap 4 sterilizing membrane. The resultant
conjugates had an average polysaccharide:protein ratio
of 1:1-1 :5 (w/w).Example 1a - preparation of MenA and
MenC polysaccharide conjugates of the invention MenC
-TT conjugates were produced using native
polysaccharides (of over 15OkDa as measured by MALLS)
or were slightly microfluidised. MenA-TT conjugates
were produced using either native polysaccharide or
slightly microfluidised polysaccharide of over 6OkDa
as measured by the MALLS method of example 2. Sizing
was by microfluidisation using a homogenizer
Emulsiflex C-50 apparatus. The polysaccharides were
then filtered through a 0.2mm filter. In order to
conjugate MenA capsular polysaccharide to tetanus
toxoid via a spacer, the following method was used.
The covalent binding of the polysaccharide and the
spacer (ADH) is carried out by a coupling chemistry by
which the polysaccharide is activated under controlled
conditions by a cyanylating agent,
1-cyano-4-dimethylamino-pyridinium tetrafluoroborate
(CDAP). The spacer reacts with the cyanylated PS
through its hydrazino groups, to form a stable isourea
link between the spacer and the polysaccharide. A
10mg/ml solution of MenA (pH 6.0) [3.5 g] was treated
with a freshly prepared 100mg/ml solution of CDAP in
acetonitrile/water (50/50 (v/v)) to obtain a CDAP/MenA
ratio of 0.75 (w/w). After 1.5 minutes, the pH was
raised to pH 10.0. Three minutes later, ADH was added
to obtain an ADH/MenA ratio of 8.9. The pH of the
solution was decreased to 8.75 and the reaction
proceeded for 2 hours maintaining this pH (with
temperature kept at 25 0C). The PSAAH solution was
concentrated to a quarter of its initial volume and
then diafiltered with 30 volumes of 0.2M NaCI using a
Filtron Omega membrane with a cut-off of 1OkDa, and
the retentate was filtered. Prior to the conjugation
(carbodiimide condensation) reaction, the purified TT
solution and the PSAAH solution were diluted to reach
a concentration of 10 mg/ml for PSAAH and 10mg/ml for
TT. EDAC (1-ethyl-3-(3-dimethyl-aminopropyl)
carbodiimide) was added to the PSAH solution (2g
saccharide) in order to reach a final ratio of 0.9 mg
EDAC/mg PSAAH. The pH was adjusted to 5.0. The
purified tetanus toxoid was added with a peristaltic
pump (in 60 minutes) to reach 2 mg TT/mg PSAAH. The
resulting solution was left 60 min at +25C under
stirring to obtain a final coupling time of 120 min.
The solution was neutralised by addition of 1M
Tris-Hcl pH 7.5 (1/10 of the final volume) and left 30
minutes at +25C then overnight at +2C to +8C. The
conjugate was clarified using a 10mm filter and was
purified using a Sephacryl S400HR column (Pharmacia,
Sweden). The column was equilibrated in 10 mM Tris-HCI
(pH 7.0), 0.075 M NaCI and the conjugate (approx.
66OmL) was loaded on the column (+2C to +80C). The
elution pool was selected as a function of optical
density at 280 nm. Collection started when absorbance
increased to 0.05. Harvest continued until the Kd
reached 0.30. The conjugate was filter sterilised at
+2O0C, then stored at +2C to +8C. The resultant
conjugate had a polysaccharideiprotein ratio of
1:2-1:4 (w/w). In order to conjugate MenC capsular
polysaccharide to tetanus toxoid via a spacer, the
following method was used. The covalent binding of the
polysaccharide and the spacer (ADH) is carried out by
a coupling chemistry by which the polysaccharide is
activated under controlled conditions by a cyanylating
agent, 1-cyano-4-dimethylamino-pyridinium
tetrafluoroborate (CDAP). The spacer reacts with the
cyanylated PS through its hydrazino groups, to form a
stable isourea link between the spacer and the
polysaccharide.A 20mg/ml solution of MenC (pH6.0) (3.5
g) was treated with a freshly prepared 100mg/ml
solution of CDAP in acetonitrile/water (50/50 (v/v))
to obtain a CDAP/MenC ratio of 1.5 (w/w). After 1.5
minutes, the pH was raised to pH 10.0. At activation
pH 5M NaCI was added to achieve a final concentration
of 2M NaCI. Three minutes later, ADH was added to
obtain an ADH/MenC ratio of 8.9. The pH of the
solution was decreased to 8.75 and the reaction
proceeded for 2 hours (retained at 25 0C). The PSCAH
solution was concentrated to a minimum of 150 ml_ and
then diafiltered with 30 volumes of 0.2M NaCI using a
Filtron Omega membrane with a cut-off of 1OkDa, and
the retentate was filtered. Prior to the conjugation
reaction, the purified TT solution and the PSCAH
solution (2g scale) were diluted in 0.2M NaCI to reach
a concentration of 15 mg/ml for PSCAH and 20mg/ml for
TT. The purified tetanus toxoid was added to the PSCAH
solution in order to reach 2 mg TT/mg PSCAH. The pH
was adjusted to 5.0. EDAC (16.7 mg/ml in Tris 0.1 M pH
7.5) was added with a peristaltic pump (in 10 minutes)
to reach a final ratio of 0.5 mg EDAC/mg PSCAH. The
resulting solution was left 110 min at +25C under
stirring and pH regulation to obtain a final coupling
time of 120 min. The solution was then neutralized by
addition of 1M Tris-Hcl pH 9.0 (1/10 of final volume)
and left 30 minutes at +25C then overnight at +20C to
+8C. The conjugate was clarified using a 10mm filter
and was purified using a Sephacryl S400HR column
(Pharmacia, Sweden). The column was equilibrated in 10
mM Tris-HCI (pH 7.0), 0.075 M NaCI and the conjugate
(approx. 46OmL) was loaded on the column (+2C to +8C).
The elution pool was selected as a function of optical
density at 280 nm. Collection started when absorbance
increased to 0.05. Harvest continued until the Kd
reached 0.20. The conjugate was filter sterilised at
+200C, then stored at +2C to +8C. The resultant
conjugate had a polysaccharide:protein ratio of
1:2-1:4 (w/w). Example 2 - determination of molecular
weight using MALLS Detectors were coupled to a HPLC
size exclusion column from which the samples were
eluted. On one hand, the laser light scattering
detector measured the light intensities scattered at
16 angles by the macromolecular solution and on the
other hand, an interferometric refractometer placed
on-line allowed the determination of the quantity of
sample eluted. From these intensities, the size and
shape of the macromolecules in solution can be
determined. The mean molecular weight in weight (Mw)
is defined as the sum of the weights of all the
species multiplied by their respective molecular
weight and divided by the sum of weights of all the
species. a) Weight-average molecular weight: -Mw- _
W,.M, m2 b) Number-average molecular weight: -Mnc)
Root mean square radius: -Rw- and R2Wis the square
radius defined by: R2Wor (r w = S . (-m,- is the mass
of a scattering centre i and -h- is the distance
between the scattering centre i and the center of
gravity of the macromolecule). d) The polydispersity
is defined as the ratio -Mw / Mn-. Meningococcal
polysaccharides were analysed by MALLS by loading onto
two HPLC columns (TSKG6000 and 5000PWxI) used in
combination. 25ml of the polysaccharide were loaded
onto the column and was eluted with 0.75ml of filtered
water. The polyaccharides are detected using a light
scattering detector ( Wyatt Dawn DSP equipped with a
1OmW argon laser at 488nm) and an inferometric
refractometer ( Wyatt Otilab DSP equipped with a P100
cell and a red filter at 498nm). The molecular weight
polydispersities and recoveries of all samples were
calculated by the Debye method using a polynomial fit
order of 1 in the Astra 4.72 software. Example 3 -
clinical trial comparing immunisation with Meninqitec
or a larger sized MenCTT conjugate 



A phase Il , open, controlled study was carried out to
compare GSK Biologicals meningococcal serogroup C
conjugate vaccine (MenC) with GSK Biological's
Haemophilus influenzae b-meningococcal serogroup C
conjugate vaccine (Hib-MenC) or Meningitec (r). Each
dose of Meningitec (r) contains 10mg of meningococcal
serogroup C oligosaccharide conjugated to 15mg of
CRM197 and is produced by Wyeth. The GSK MenC
conjugates contained native polysaccharides of about
20OkDa conjugated to tetanus toxoid (TT). The study
consisted of five groups, each planned to contain 100
subjects, allocated to two parallel arms as follws: In
this present study, all subjects in both arms received
one-fifth (1/5) of a dose of Mencevax(tm) ACWY and a
concomitant dose of Infanrix(tm) hexa at 12-15 months
of age(Study Month 0). Two blood samples were
collected from all subjects (Study Month 0 and Study
Month 1). Arm 1 consisted of four groups from a
primary vaccination study who were primed at their age
of 3, 4 and 5 months with the following vaccines:
Group K: MenC (10 mg), non-adsorbed to aluminium salts
(non-ads), tetanus toxoid (TT) conjugate and
Infanrix(tm) hexa (MenC10-TT + Infanrix(tm) hexa)
Group L: Hib (10 mg)-MenC (10 mg), non-ads TT
conjugate and Infanrix(tm) penta (Hib10-MenC10-TT +
Infanrix(tm) penta)  Group M: Hib (5 mg)-MenC (5 mg),
non-ads, TT conjugate and Infanrix(tm) penta
(Hib5-MenC5-TT + Infanrix(tm) penta)  Group N:
Meningitec(tm) and Infanrix(tm) hexa (Meningitec(tm) +
Infanrix(tm) hexa) The two Hib-MenC-TT vaccine groups
(Groups L and M) were kept blinded in the booster
study as to the exact formulation of the candidate
vaccine. Arm 2-(Group O) consisted of age-matched
subjects not previously vaccinated with a
meningococcal serogroup C vaccine (naive) but who had
received routine pediatric vaccines according to the
German Permanent Commission on Immunization. Criteria
for evaluation: Immunogenicity. Determination of
bactericidal antibody titers against meningococcal C
(SBA-MenC) by a bactericidal test (cut-off: a dilution
of 1:8) and ELISA measurement of antibodies against
meningococcal serogroup C (assay cut-off : 0.3 mg/ml),
the Hib polysaccharide PRP (assay cut-off: 0.15 mg/ml)
and tetanus toxoid (assay cut-off: 0.1 Ill/ml) in
blood samples obtained prior to vaccination and
approximately one month after vaccination in all
subjects. Statistical methods: Demographics:
Determination of mean age in months (with median,
range and standard deviation [SD]), and racial and
gender composition of the ATP and Total vaccinated
cohorts. Immunogenicity: Two analyses of
immunogenicity were performed based on the ATP cohort
for immunogenicity (for analyses of immune memory and
booster response) or the ATP cohort for safety (for
analysis of persistence). These included: Evaluation
of immune memory for MenC and booster response for Hib
and Tetanus (before and one month after administration
of 1/5 dose of the plain polysaccharide vaccine):
Determination of geometric mean titers and
concentrations (GMTs and GMCs) with 95% confidence
intervals (95% Cl)  Determination of the percentage of
subjects with antibody titer/concentration above the
proposed cutoffs with exact 95% Cl
(seropositivity/seroprotection rates)  Investigation
of antibody titers/concentration after vaccination
using reverse cumulative curves  Computation of
standardized asymptotic 95% Cl for the difference in
seropositivity/seroprotection rate  between the primed
group (Groups K, L, M and N) and the unprimed group
(Group O)  Determination of the geometric mean of
individual ratio of SBA-MenC titer over anti-PSC
concentration, with 95% Cl  Determination of the 95%
Cl for the post-vaccination GMT/C ratio between the
groups K, L, M and the control group N for anti-PRP
and anti-tetanus and between each primed group (Groups
K, L, M and N) and the unprimed group (Group O) for
SBA-MenC and anti-PSC using an ANOVA modelResults
Table 1. SBA-MenC titres and anti-PSC antibody
concentration after booster vaccination Group K:
subjects primed with MenC10-TT + Infanrix. hexa; Group
L: subjects primed with Hib10-MenC10-TT + Infanrix.
penta; Group M: subjects primed with Hib5-MenC5-TT +
Infanrix. penta; Group N: subjects primed with
Meningitec. + Infanrix. hexa; Group O: control
subjects (i.e. subjects not primed with MenCOC CDOC
conjugate vaccine) N: number of subjects with
available results Higher titres of antibodies against
MenC and higher SBA titres were achieved by priming
with the larger sized MenC polysaccharide conjugate
vaccines (groups K, L and M) compared with the
Meningitec oligosaccharide conjugate vaccine. Table 2:
Geometric mean ratio for SBA MenC titre/anti-PSC
concentration In all four primed groups (Groups K, L,
M and N), the GMR increased significantly from pre to
post booster vaccination indicating the presence of
antibody maturation and functionality. GMR in the
Group M (primed with Hib5-MenC5-TT) was higher than in
the Group N (primed with Meningitec(tm)). Table 3:
Persistence at 12-1 5 months of age just prior to
administration of the booster vaccines Endpoints Group
N % Group N % Difference Value% SBAMenC K 79 88.6 N
80.2 N-K -8.4 > 1:8 L 84 93.3 N 80.2 N-L -3.1 M 85
87.1 N 80.2 N-M -6.8Group K: subjects primed with
MenC10-TT + Infanrix(tm) hexa; Group L: subjects
primed with Hib10-MenC10-TT + Infanrix(tm) penta;
Group M: subjects primed with Hib5-MenC5- TT +
Infanrix(tm) penta; Group N: subjects primed with
Meningitec(tm) + Infanrix(tm) hexa; N: number of
subjects with available results Higher SBA titres
against MenC were achieved by priming with the larger
size of MenC (groups K, L and M) compared to priming
with the MenC-oligosaccharide conjugate Meningitec.
Immune memory (ATP cohort for immunogenicity)
Administration of 1/5 dose of the plain polysaccharide
ACWY vaccine elicited very high SBA-MenC titer in all
four primed groups with 98.7-100% and 97.5-100% of
subjects primed with a candidate vaccine regimen
exhibiting titers 1:8 and 1:128, respectively. In the
group primed with the Meningitec(tm) regimen, there
was a trend for a lower percentage of subjects with
titers >1:128 (91.8%). In comparison, 17.6% of
unprimed subjects had SBA MenC titers > 1:8 and
>1:128. Example 4 Phase Il clinical trial on HibMenAC
-TT conjugate vaccine mixed with DTPw- HepB Study
design: Open, randomized (1:1:1:1:1), single centre
study with five groups. The five groups received the
following vaccination regimen respectively, at 6, 10
and 14 weeks of age.  Tritanrix(tm)-HepB/Hib-MenAC
2.5/2.5/2.5: henceforth referred to as 2.5/2.5/2.5
Tritanrix(tm)-HepB/Hib-MenAC 2.5/5/5: henceforth
referred to as 2.5/5/5  Tritanrix(tm)-HepB/Hib-MenAC
5/5/5: henceforth referred to as 5/5/5
Tritanrix(tm)-HepB + Hiberix(tm): henceforth referred
to as Hiberix  Tritanrix.-HepB/Hiberix(tm) +
Meningitec(tm): henceforth referred to as Meningitec
Blood samples were taken at the time of the first
vaccine dose (Pre) and one month after the third
vaccine dose (Post-dose 3). Tritanrix is a DTPw
vaccine marketted by GlaxoSmithKline Biologicals S.A.
105 subjects were used in each of the five groups
giving a total of 525 subjects in the study. Table 4
Content of GSK vaccine formulations * The 2.5/2.5/2.5
vaccine was a dose dilution of GSK Biologicals'
Hib-MenAC 5/5/5 vaccine containing 2.5mg of each of
PRP-TT, MenA-TT and MenC-TT. The Hib-MenAC vaccine
formulations were mixed extemporaneously with
Tritanirix-HepB. GSK Biologicals' combined
diphtheria-tetanus-whole cell Bordetella pertussis -
hepatitis B (DTPw-HB) vaccine (Tritanrix-HepB)
contains not less than 30 International Units (IU) of
diphtheria toxoid, not less than 60 IU of tetanus
toxoid, not less than 4IU of killed Bordetella
pertussis and 10mg of recombinant hepatitis B surface
antigen. Reference therapy, dose, mode of
administration, lot No.: Vaccination schedule/site:
One group received Tritanrix(tm)-HepB vaccine
intramuscularly in the left thigh and Hiberix(tm)
intramuscularly in the right thigh at 6, 10 and 14
weeks of age. Another group received
Tritanrix(tm)-HepB/Hiberix(tm) vaccine intramuscularly
in the left thigh and Meningitec. vaccine
intramuscularly in the right thigh at 6, 10 and 14
weeks of age.Vaccine/composition/dose/lot number: The
Tritanrix(tm)-HepB vaccine used was as described
above. One dose (0.5 ml) of GSK Biologicals'
Haemophilus influenzae type b conjugate vaccine:
Hiberix(tm) contained 10 mg of PRP conjugated to
tetanus toxoid. In the Hiberix(tm) Group, it was mixed
with sterile diluent and in the Meningitec(tm) Group
it was mixed with Tritanrix(tm)-HepB. One dose (0.5
ml) of Wyeth Lederle's MENINGITEC(tm) vaccine
contained: 10 mg of capsular oligosaccharide of
meningococcal group C conjugated to 15 mg of
Corynebacterium diphtheria CRM197 protein and
aluminium as salts. Results - immune responses
generated against Hib, MenA and MenC Table 5a Anti -
PRP (ug/ml Group 2.5/2 .5/2.5 2.5/5/5 5/5/5
Hiberix(tm) Meningitec(tm) % 95%CL % 95%CL % 95%CL %
95%CL % 95%CL GMC/T LL UL GMC/T LL UL GMC/T LL UL
GMC/T LL UL GMC/T LL UL %>0.15 100 96.5 100 96.5 100
99.0 94.8 100 100 96.5 100 100 96.5 100 100 10.94 GMC
8.62 13.88 20.80 15.96 27.10 22.62 17.72 28.88 19.36
15.33 24.46 38.55 29.93 49.64 Table 5b SBA -MenC Group
2.5/2 5/2.5 2.5/5/5 5/5/5 Hiberix(tm) Meningitec(tm) %
95%CL % 95%CL % 95%CL % 95%CL % 95%CL GMC/T LL UL
GMC/T LL UL GMC/T LL UL GMC/T LL UL GMCAT LL UL %>1 :8
99 94.7 100 100 96.5 100 100 96.5 100 2.9 0.6 8.4 100
96.5 100 GMT 4501 3904 5180 3132 2497 3930 4206 3409
5189 3697 3 118 4384 4.7 3.9 5.6 Table 5c SBA MenA
Group 2.5/2 5/2.5 2.5/5/5 5/5/5 Hiberix(tm)
Meningitec(tm) % 95%CL % 95%CL % 95%CL % 95%CL % 95%CL
GMC/T LL UL 



GMC/T LL UL GMC/T LL UL GMC/T LL UL GMCAT LL UL %>1 :8
99.7 9 1.9 99.7 9.1 4.0 17.1 100 95.8 100 100 96.2 100
6.8 2.5 14.3 GMT 5.6 4.4 7.2 316.7 251 .4 398.9 418.5
358.6 488.5 363 310.5 424.4 5.6 4.3 7.4 Table 5d
Anti-PSC (uo/mH Group 2.5/2 5/2.5 2.5/5/5 5/5/5
Hiberix(tm) Meningitec(tm) % 95%CL % 95%CL % 95%CL %
95%CL % 95%CL GMC/T LL ULGMC/T LL UL GMC/T LL UL GMC/T
LL UL GMC/T LL UL %>0.3 100 96.5 100 100 96.5 100 100
96.4 100 100 96.5 100 8.2 3.6 15.6 58.02 5 1.42 65.46
GMC 49.03 43.24 55.59 7 1. 11 62.49 80.92 6 1.62 54.88
69.20 0.17 0.15 0.19 Table 5e Anti - PSA (ua/ml )
Group 2.5/2. 5/2.5 2.5/5/5 5/5/5 Hiberix(tm)
Meningitec(tm) % 95%CL % 95%CL % 95%CL % 95%CL % 95%CL
GMC/T LL UL GMC/T LL UL GMCrr LL UL GMC/T LL UL GMC/T"
LL UL %>0.3 5.9 2.2 12.5 100 96.4 100 100 96.5 100
99.0 94.8 100 1.0 0.0 5.4 0.17 GMC 0.15 0.18 18.10
15.34 2 1.35 26.51 22.93 30.79 23.40 20.05 27.30 0.15
0.1 5 0.15 Conclusion A comparison of the
immunogenicity results achieved using the
oligosaccharide MenCCRM197 conjugate vaccine and the
three GSK formulations which contain polysacharide
MenA-TT and MenC -TT conjugates showed that the
polysaccharide Men conjugates were able to elicit a
good immunogenic response similar to that achieved
using the oligosaccharide conjugate vaccine
Meningitec. All formulations tested gave a response to
MenC in 100% of patients. Example 5 - Phase Il
clinical trial administering Hib MenCY concomitantly
with Infanrix(tm) penta according to a 2, 3 and 4
month schedule Study design: A Phase II, open
(partially double-blind*) randomized controlled
multicenter study with 5 groups receiving a three-dose
primary schedule with vaccines as follows: Group
Hib-MenCY 2.5/5/5: Hib-MenCY (2.5/5/5 ) + Infanrix(tm)
penta Group Hib-MenCY 5/10/10: Hib-MenCY (5/10/10) +
Infanrix(tm) penta Group Hib-MenCY 5/5/5: Hib-MenCY
(5/5/5) + Infanrix(tm) penta Group Hib-MenC: Hib-MenC
(5/5) + Infanrix(tm) penta Group Menjugate:
Menjugate(tm) * * + Infanrix(tm) hexa (control). *
Hib-MehCY 2.5/5/5, Hib-MenCY 5/1 0/1 0 and Hib-MenC
were administered in a doubleblind manner while the
Hib-MenCY 5/5/5 group and the Menjugate(tm) group were
open. The 2.5/5/5, 5/10/10 and 5/5/5 formulations of
Hib-MenCY contain MenC native polysaccharides and MenY
polysaccharides which are microfluidized. * *
Menjugate(tm) contains 10mg of MenC oligosaccharides
conjugated to 12.5-25mg of CRM197 per dose and is
produced by Chiron.Vaccination at +/- 2, 3, 4 months
of age (Study Month 0, Month 1 and Month 2), and blood
samples (3.5ml) from all subjects prior to and one
month post primary vaccination (Study Month 0 and
Month 3). Study vaccine, dose, mode of administration,
lot number: Three doses injected intramuscularly at
one month intervals, at approximately 2, 3 and 4
months of age as follows: Table 6: Vaccines
administered (study and control), group, schedule/site
and dose Immunogenicity: Measurement of antibody
titres/concentrations against each vaccine antigen:
Prior to the first dose (Month 0) and approximately
one month after the third dose (Month 3) in all
subjects for: SBA-MenC and SBA-MenY, anti-PSC and
anti-PSY, anti-PRP, anti- T, anti-FHA, anti-PRN and
anti-PT. Using serum bactericidal activity against N.
meningitidis serogroups C and Y (SBA-MenC and SBA-MenY
cut-off: 1:8 and 1:128); ELISA assays with cut-offs:
>0.3 mg/ml and >2mg/ml for anti- N. meningitidis
serogroups C and Y polysaccharides (anti-PSC IgG and
anti-PSY IgG); >0.15 mg/ml and 1.0mg/ml for Hib
polysaccharide polyribosil-ribitol-phosphate (anti-PRP
IgG); 5EL.U/ml for anti-FHA, anti-PRN, anti-PT; 0.1
IU/ml anti-tetanus toxoid (anti-TT). Only at one month
after the third dose (Month 3) in all subjects for:
anti-D, anti-HBs and anti-polio 1, 2 and 3. Using
ELISA assays with cut-offs: 0.1 IU/ml for
anti-diphtheria (anti-D); 10 mlU/ml forantihepatitis B
(anti-HBs); and microneutralization test cut-off: 1:8
for anti-polio type 1, 2 and 3 (anti-polio 1, 2 and
3). Statistical methods: The
seroprotection/seropositivity rates and geometric mean
concentrations/titres (GMCs/GMTs) with 95% confidence
intervals (95% Cl) were computed per group, for
SBA-MenC, anti-PSC, SBA-MenY, anti-PSY, anti-PRP,
anti-Tetanus, anti-PT, anti-FHA and anti-PRN prior to
and one month after vaccination; for anti-Diphtheria,
anti-HBs, anti- Polio 1, anti-Polio 2 and anti-Polio 3
one month after vaccination. Vaccine response
(appearance of antibodies in subjects initially
seronegative or at least maintenance of antibody
concentrations in subjects initially seropositive)
with 95% Cl for anti-PT, anti- PRN and anti-FHA were
also computed one month after vaccination. Reverse
cumulative curves for each antibody at Month 3 are
also presented. The differences between the Hib- MenCY
and the Hib- MenC groups, compared with the
Menjugate(tm) control group were evaluated in an
exploratory manner for each antibody, except for
SBA-MenY and anti- PSY, in terms of (1) the difference
between the Menjugate(tm) group (minus) the Hib- MenCY
and Hib-MenC groups for the percentage of subjects
above the specified cut-offs or with a vaccine
response with their standardized asymptotic 95% Cl,
(2) the GMC or GMT ratios of the Menjugate(tm) group
over the Hib-MenCY and Hib-MenC groups with their 95%
Cl. The same comparisons were done to evaluate the
difference between each pair of Hib-MenCY formulations
for anti-PRP, SBA-MenC, anti-PSC, SBA-MenY, anti-PSY
and anti-TT antibodies. The overall incidences of
local and general solicited symptoms were computed by
group according to the type of symptom, their
intensity and relationship to vaccination (as
percentages of subjects reporting general, local, and
any solicited symptoms within the 8 days following
vaccination and their exact 95% Cl). Incidences of
unsolicited symptoms were computed per group. For
Grade 3 symptoms, onset 48 hours, medical attention,
duration, relationship to vaccination and outcomes
were provided. Serious Adverse Events were fully
described. Seroprotection/seropositivity rates &GMC/Ts
(ATP cohort for immunogenicity) Table 7a Anti - PRP
(gg/ml) Group N %> 0.15 LL UL > 1 LL UL GMC LL UL 9.01
7.25 11.21 Hib MenCY 2.5/5/5 67 100.0 94.6 100.0 98.5
92.0 100.09.49 7.72 11.65 Hib MenCY 5/10/10 67 100.0
94.6 100.0 98.5 92.0 100.0 8.08 6.53 9.98 Hib MenCY
5/5/5 70 100.0 94.9 100.0 98.6 92.3 100.0 10.44 8.49
12.83 Hib MenC 74 100.0 95.1 100.0 98.6 92.7 100.0
2.60 1.97 3.43 Menjugate(tm) 7 1 100.0 94.9 100.0 80.3
69.1 88.8 Table 7b SBA -MenC (Titre ) Group N %> 1:8
LL UL >1:128 LL UL GMT LL UL 1005.8 773.5 1308.0 Hib
MenCY 2.5/5/5 70 100.0 94.9 100.0 95.7 88.0 99.1
1029.8 799.7 1326.0 Hib MenCY 5/10/10 67 100.0 94.6
100.0 94.0 85.4 98.3 906.9 691 .3 1189.8 Hib MenCY
5/5/5 7 1 100.0 94.9 100.0 94.4 86.2 98.4 871 .0 677.3
1120.0 Hib MenC 74 100.0 95.1 100.0 95.9 88.6 99.2
3557.6 2978.8 4248.8 Menjugate(tm) 7 1 100.0 94.9
100.0 100.0 94.9 100.0 Table 7c Anti-PSC (uq/rnl Group
N %> 0.3 LL UL >2 LL UL GMC LL UL 2 1.70 18.36 25.65
Hib MenCY 2.5/5/5 69 100.0 94.8 100.0 100.0 94.8 100.0
27.26 23.26 3 1.95 Hib MenCY 5/10/10 66 100.0 94.6
100.0 100.0 94.6 100.0 19.02 16.49 2 1.93 Hib MenCY
5/5/5 70 100.0 94.9 100.0 100.0 94.9 100.0 2 1.08
18.24 24.35 Hib MenC 74 100.0 95.1 100.0 100.0 95.1
100.0 38.49 33.64 44.05 Menjugate(tm) 7 1 100.0 94.9
100.0 100.0 94.9 100.0 Table 7d SBA-MenY (Titre) Group
N %> 1:8 LL UL >1:128 LL UL GMT LL UL 470.7 351.1
631.2 Hib MenCY 2.5/5/5 69 97.1 89.9 99.6 92.8 83.9
97.6 437.1 322.0 593.4.8 Hib MenCY 5/10/10 66 97.0
89.5 99.6 86.4 75.7 93.6 635.3 501.5 804.8 Hib MenCY
5/5/5 7 1 98.6 92.4 100.0 95.8 88.1 99.1 9.3 6.3 13.7
Hib MenC 74 2 1.6 12.9 32.7 13.5 6.7 23.5 7.5 5.4 10.4
Menjugate(tm) 7 1 19.7 11.2 30.9 9.9 4.1 19.3 Table 7e
Anti - PSY (uq/ml Group N %> 0.3 LL UL >2 LL UL GMC LL
UL 26.86 22.86 31.56 Hib MenCY 2.5/5/5 69 100.0 94.8
100.0 100.0 94.8 100.0 37.02 3 1.84 43.04 Hib MenCY
5/10/10 66 100.0 94.6 100.0 100.0 94.6 100.0 23.57
19.94 27.86 Hib MenCY 5/5/5 70 100.0 94.9 100.0 100.0
94.9 100.00.19 0.15 0.25 Hib MenC 74 8.1 3.0 16.8 4.1
0.8 11.4 0.1 7 0.15 0.19 Menjugate(tm) 7 1 5.6 1.6
13.8 1.4 0.0 7.6 Table 7f Anti-tetanus (lU/ml ) Group
N %> 0.1 LL UL GMC LL UL Hib MenCY 2.5/5/5 68 100.0
94.7 100.0 3.06 2.63 3.55 



Hib MenCY 5/10/10 67 100.0 94.6 100.0 3.25 2.88 3.68
Hib MenCY 5/5/5 70 100.0 94.9 100.0 2.97 2.59 3.41 Hib
MenC 74 100.0 95.1 100.0 3.15 2.73 3.64 Menjugate(tm)
7 1 100.0 94.9 100.0 1.66 1.39 1.97 Group Hib-MenCY
2.5/5/5: Hib-MenCY (2.5/5/5) + Infanrix(tm) penta
Group Hib-MenCY 5/10/10: Hib-MenCY (5/10/10) +
Infanrix (tm) penta Group Hib-MenCY 5/5/5: Hib-MenCY
(5/5/5) +lnfanrix(tm) penta Group Hib-MenC: Hib-Men
(5/5)+ Infanrix(tm) hexa Group Menjugate:
Menjugate(tm) + Infanrix(tm) penta N = number of
subjects with available results.% = percentage of
subjects with concentration/titre within the specified
range GMC/T: geometric mean concentration/titre 95% Cl
= 95% confidence interval; LL = Lower Limit; UL =
Upper Limit Conclusion The MenC and Y polysaccharide
conjugates produced a good immune response in all
subjects with 100% of subjects producing above 0.3
mg/ml responses against MenC and MenY. Example 6 -
Phase Il clinical trial comparing three formulations
of MenACWY-TT with Meninaitec MenC-CRM197
oliqosaccharide-coniu aate vaccine. This example
reports a phase II, open (partially-blind),
randomized, controlled dose-range study to evaluate
the lmmunogenicity of three different formulations of
GlaxoSmithKline Biological's meningococcal serogroups
A C, W-135, Y tetanus toxoid conjugate (MenACWY-TT)
vaccine in comparison to a MenC oligosaccharide-CRM197
conjugate vaccine (Meningitec(tm)) when given as one
dose to children aged 12-14 months. The clinical trial
was an open (partially double-blind * ) , controlled,
multicentric study in which eligible subjects of 12-14
months were randomized (1:1:1:1) to one of four
parallel groups of 50 subjects to receive a single
primary dose at Visit 1 as follows: Form 1T:
MenACWY-TT at a dose of 2.5mg of MenA polysaccharide
conjugated to tetanus toxoid (TT), 2.5mg of MenC
polysaccharide conjugated to TT, 2.5mg of MenW
polysaccharide conjugated to TT and 2.5mg of MenY
polysaccharide conjugated to TT.Form 2T: MenACWY-TT at
a dose of 5mg of MenA polysaccharide conjugated to TT,
5mg of MenC polysaccharide conjugated to TT 5mg of
MenW polysaccharide conjugated to TT and 5mg of MenY
polysaccharide conjugated to TT. Form 3T: MenACWY-TT
at a dose of 2.5mg of MenA polysaccharide conjugated
to TT, 10mg of MenC polysaccharide conjugated to TT,
2.5mg of MenW polysaccharide conjugated to TT and
2.5mg of MenY polysaccharide conjugated to TT. Ctrl T:
10mg MenC oligosaccharide conjugated to 12.5-25mg
CRM197 (Meningitec). *The three different MenACWY-TT
formulations were administered in a double-blind
manner. Vaccination schedule/site: A single vaccine
dose was administered intramuscularly in the left
deltoid at Visit 1 (Study Month 0) according to
randomized assignment. All candidate vaccines were
supplied as a lyophilized pellet in a monodose vial
(0.5 ml after reconstitution with the supplied saline
diluent). Immunogenicity. Measurement of
titers/concentrations of antibodies against
meningococcal vaccine antigen components in blood
samples obtained prior to the study vaccine dose
(Month 0) and approximately one month after the study
vaccine dose (Month 1) in all subjects. Determination
of bactericidal antibody titers against N.
meningitidis serogroups A, C, W-135 and Y (SBA-MenA,
SBA-MenC, SBA-MenW and SBA-MenY) by a bactericidal
test (assay cut-offs: a dilution of 1:8 and 1:128) and
ELISA measurement of antibodies against N.
meningitidis serogroups A, C, W-135 and Y (anti- PSA,
anti-PSC, anti-PSW and anti-PSY, assay cut-offs
0.3mg/ml and >2mg/ml), and tetanus toxoid
(anti-tetanus, assay cut-off 0.1 Ill/ml). Results
Antibody response in terms of the percentage of
SBA-MenA, SBA-MenC, SBA-MenW and SBA-MenY responders
one month after vaccination (the primary endpoint) is
shown in Table 8. A response is defined as greater
than or equal to a 4-fold increase for seropositive
subjects or seroconversion for seronegative subjects
before vaccination. Table 8: Vaccine responses for SBA
antibody one month after vaccinationTable 9 shows the
numbers of subjects achieving SBA titres over cutoff
points of 1:8 and 1:128 as well as GMTs. Table 9:
Seropositivity rates and GMTs for SBA antibodies one
month after vaccination Vaccination with all three
formulations of the ACWY-TT polysaccharide conjugate
led to good SBA responses against MenA, MenC, MenW and
MenY with 95-100% of subjects with titres greater than
1:8. In particular, the 5/5/5/5 and 2.5/10/2.5/2.5
formulations of the polysaccharide conjugates produced
a higher response against MenC than the
oligosaccharide Meningitec(tm) vaccine as seen by a
higher proportion of subjects having a titre greater
than 1:128 and the GMT readings.Table 10 Seropositive
rates and GMCs for anti polysaccharide antibodies one
month after vaccination All three formulations of the
ACWY-TT polysaccharide conjugate vaccine produced good
immune responses against MenA, MenC, MenW and MenY
with between 93% and 100% of subjects achieving titres
grater than 0.3mg/ml. Higher GMC readings were
achieved using the 5/5/5/5 and 2/5/10/2.5/2.5
formulations of the ACWY-TT polysaccharide conjugate
vaccine in comparison with Meningitec. Example 7 -
comparison of immunoqenicity of native and sized MenY
polysaccharide conjugates Mice (female DBA/2 of 6-8
wk) received two injections, 2 weeks apart, of PSY-TT
by the subcutaneous route. Blood samples were taken 14
days after the second injection in order to perform
anti-PSY ELISA and SBA using S1975 menY strain. Per
injection, mice received 1 mg of PSY-TT( lyo non-ads
formulation). The conjugates described in table 11
were used . Table 11 I Conjugates ENYTT012 ENYTT014
ENYTT015 bis |Results The results (Figure 1) show a
trend towards higher immunogenicity for conjugates
prepared using sized PSY. Figure 1A shows the GMC
results obtained in an ELISA for antisera raised
against conjugates prepared from native MenY
(ENYTT012), microfluidised MenY - 40 cycles (ENYTT014)
and microfluidised MenY - 20 cycles (ENYTT015 bis).
Higher GMCs were obtained where the MenY-TT was
prepared from microfluidised MenY. Similar results
were obtained when the antisera were assessed by SBA
assay (Figure 1B). Again the higher GMT values were
achieved using conjugates prepared from microfluidised
MenY. Example 8 - Clinical trial assessing the effect
of a linker in MenA in a MenACWY conjugate vaccine A
single dose of different formulations of MenACWY
vaccine was administered to teenagers of 15-19 years
in 5 groups of 25 subjects in a 1:1 :1:1 : 1
randomised trial. The formulations tested were: F 1 -
MenACWY conjugated to tetanus toxoid with the MenA
conjugate containing an AH spacer - 5/5/5/5mg F2 -
MenACWY conjugated to tetanus toxoid with the MenA
conjugate containing an AH spacer - 2.5/5/2.5/2. 5mg
F3 - MenACWY conjugated to tetanus toxoid with the
MenA conjugate containing an AH spacer - 5/5/2.5/2.5mg
F4 - MenACWY conjugated to tetansus toxoid with no
spacer in any conjugate - 5/5/5/5mg Control group -
Mencevax ACWY On day 30 after inoculation, a blood
sample was taken from the patients. The blood samples
were used to asess the percentage of SBA-MenA,
SBA-MenC, SBAMenW135 and SBA-MenY responders one month
after the vaccine dose. A vaccine response was defined
as 1) for initially seronegative subjects - a
post-vaccination antibody titre > 1/32 at 1 month or
2) for initially seropositive subjects - antibody
titre of > 4 fold the pre-vaccination antibody titre.
ResultsAs shown in Table 13, the use of a spacer in
the MenA conjugate led to an increased immune response
against MenA. The percentage of responders rose from
66% to 90- 95% when the AH spacer was added. This was
reflected in an increase in SBA GMT from 4335 to 10000
and an increase in GMC from 5 to 20-40. Surprisingly,
the use of a AH spacer also led to an increased immune
response against MenC as seen by an increase in the
percentage of responders and an increase in the SBA
GMT. An increase could also be seen in the SBA-GMT
against MenY (6742-7122) and against MenW (4621-5418)
when a spacer was introduced. Table 12Example 9 -
Clinical trial assessing the effect of a linker in
MenA and MenC conjugates in a MenACWY conjugate
vaccine A single dose of different formulations of
MenACWY vaccine was administered to teenagers of 15-19
years in 5 groups of 25 subjects in a 1:1 : 1 :1 :1
randomised trial. The formulations tested were: F 1 -
MenACWY conjugated to tetanus toxoid with the MenA and
MenC conjugates containing an AH spacer -
2.5/2.5/2.5/2.5 mg F2 - MenACWY conjugated to tetanus
toxoid with the MenA and MenC conjugates containing an
AH spacer- 5/5/2.5/2.5mg F3 - MenACWY conjugated to
tetanus toxoid with the MenA and MenC conjugates
containing an AH spacer - 5/5/5/5mg F4 - MenACWY
conjugated to tetansus toxoid with the MenA conjugate
containing an AH spacer- 5/5/5/5mg Control group -
Mencevax ACWY On day 30 after inoculation, a blood
sample was taken from the patients. The blood samples
were used to asess the percentage of SBA-MenA,
SBA-MenC, SBAMenW135 and SBA-MenY responders one month
after the vaccine dose. A vaccine response was defined
as 1) for initially seronegative subjects - a
post-vaccination antibody titre > 1/32 at 1 month or
2) for initially seropositive subjects - antibody
titre of > 4 fold the pre-vaccination antibody titre.
Results The introduction of an AH spacer into the MenC
conjugate led to an increase in the immune response
against MenC as shown in Table 14. This is
demonstrated by an increase in SBA GMT from 1943 to
4329 and an increase in anti-PSC GMC from 7.65 to
13.13. Good immune responses against MenA, MenW and
MenY were maintained. Table 13Immunogenic composition
The present invention relates to immunogenic
compositions comprising bacterial capsular saccharides
conjugated to a carrier protein, in particular those
saccharides of N. meningitidis. It additionally
relates to vaccines and vaccine kits comprising such
saccharide conjugates, processes for making the
immunogenic compositions and vaccines and the use of
the vaccines and immunogenic compositions of the
invention in therapy. It also relates to methods of
immunising against infection using the saccharide
conjugates and the use of the saccharide conjugates in
the manufacture of a medicament. Neisseria
meningitidis is a Gram-negative human pathogen which
causes bacterial 



meningitis. Based on the organism's capsular
polysaccharide, twelve serogroups of N. meningitidis
have been identified (A, B, C, H, I, K, L , 29E, W135,
X, Y and Z). Serogroup A (MenA) is the most common
cause of epidemic disease in sub-Saharan Africa.
Serogroups B and C are responsible for the majority of
cases in developing countries, with the remaining
cases being caused by W135 and Y). Immunogenic
compositions comprising N. meningitidis saccharides
conjugated to carrier proteins are known in the art;
the carrier protein having the known effect of turning
the Tindependent polysaccharide antigen into a
T-dependent antigen capable of triggering an immune
memory response. For instance WO 02/58737 discloses a
vaccine comprising purified capsular polysaccharides
from N. meningitidis serogroups A, C, W135 and Y
conjugated to a carrier protein. However, this
application teaches that all polysaccharides should
essentially be conjugated in the same way (through the
same linker to the same protein carrier). There
remains a need to develop improved conjugate vaccines
against neisserial meningitis. The present invention
concerns the provision of a meningococcal
polysaccharide conjugate vaccine where conjugation of
each polysaccharide is tailored (rather than being
uniform) to achieve an efficacious combination
vaccine. In particular it is advantageous to use
linker molecules to conjugate certain meningococcal
saccharides to their protein carriers in combination
with others that are directly conjugated. In this way
polysaccharides that are less good immunogens may be
presented to the immune system via a linker, and those
that are very good immunogens may be directly
conjugated so that they do not dominate the immune
response to the combination.Accordingly, in one aspect
of the present invention there is provided an
immunogenic composition comprising at least 2
different N. meningitidis capsular saccharides,
wherein one or more is/are selected from a first group
consisting of MenA, MenC, MenY and MenW which is/are
conjugated through a linker to a carrier protein(s),
and one or more different saccharides is/are selected
from a second group consisting of MenA, MenC, MenY and
MenW which is/are directly conjugated to a carrier
protein(s). In a MenAC vaccine, for example, MenA may
be conjugated through a linker and MenC directly. In a
MenCY vaccine, MenC may be conjugated through a linker
and MenY directly. In a MenACWY vaccine Men A may be
conjugated through a linker and MenCWY directly, or
MenAC may be conjugated through a linker and MenWY
directly. A further consideration in a combination
vaccine comprising various saccharides conjugated to
the same carrier is the issue of carrier immune
suppression: too much carrier may be used and the
immune response may be dampened. With a uniform
approach to conjugation the carrier will present a
similar blend of B- and T- cell epitopes to the immune
system. However if conjugation takes place at
different chemical groups within the carrier protein
for one saccharide versus another, the protein
carriers are likely to be different to some extent in
how they present themselves to the immune system.
Accordingly, in a separate embodiment of the invention
there is provided an immunogenic composition
comprising at least 2 different saccharides conjugated
separately to the same type of carrier protein (for
instance tetanus toxoid), wherein one or more
saccharide(s) is/are conjugated to the carrier protein
via a first type of chemical group on the protein
carrier, and one or more saccharide(s) is/are
conjugated to the carrier protein via a second
(different) type of chemical group on the protein
carrier. The first and second types of chemical group
may be present in the protein carrier on a mutually
exclusive first and second set of amino acids of the
protein carrier (for instance certain aspartic acid /
glutamic acid residues in one set and certain lysine
residues in the second). One saccharide may be
conjugated to a carboxyl group on the carrier, and
another on an amino group for instance. Such
conjugation may involve conjugation on separate B-
and/or T-cell epitopes for each different conjugate.
For instance in a MenAC vaccine, MenA may be linked to
a first type of chemical group (such as carboxyl) on
the carrier protein and MenC linked to a second (such
as amino). Ina MenCY vaccine MenC may be linked to a
first type of chemical group (such as carboxyl) on the
carrier protein and MenY linked to a second (such as
amino). In a MenACWY vaccine, MenAC may be linked to a
first type of chemical group (such as carboxyl) on the
carrier protein and MenWY linked to a second (such as
amino), or MenA may be linked to a first type of
chemical group (such as carboxyl) on the carrier
protein and MenCWY linked to a second (such as amino).
According to a further aspect of the invention there
is provided a method of immunising a human host
against disease caused by Neisseria meningitidis
comprising administering to the host an
immunoprotective dose of the immunogenic composition
or vaccine of the invention. According to a further
aspect or the invention there is provided an
immunogenic composition of the invention for use in
the treatment or prevention of disease caused by
Neisseria meningitidis. According to a further aspect
or the invention there is provided a use of the
immunogenic composition or vaccine of the invention in
the manufacture of a medicament for the treatment or
prevention of diseases caused by Neisseria
meningitidis. Description of figures Figure 1 - A -
Bar chart showing GMC responses in an anti-MenY ELISA.
ENYTT012 is a MenY-TT conjugate prepared from native
MenY polysaccharide. ENYTT014 is a MenYTT conjugate
prepared from microfluidised MenY polysaccharide which
had undergone 40 cycles of microfluidisation.
ENYTT015bis is a MenY-TT conjugate prepared from
microfluidised MenY polysaccharide which had undergone
20 cycles of microfluidisation. - B - Bar chart
showing GMT responses in an anti-MenY SBA assay.
ENYTTOI 2 is a MenY-TT conjugate prepared from native
MenY polysaccharide. ENYTT014 is a MenYTT conjugate
prepared from microfluidised MenY polysaccharide which
had undergone 40 cycles of microfluidisation.
ENYTT015bis is a MenY-TT conjugate prepared from
microfluidised MenY polysaccharide which had undergone
20 cycles of microfluidisation. Detailed descriptionIn
one aspect of the present invention there is provided
an immunogenic composition comprising at least 2
different N. meningitidis capsular saccharides,
wherein one or more is/are selected from a first group
consisting of MenA, MenC, MenY and MenW which is/are
conjugated through a linker to a carrier protein(s),
and one or more different saccharides is/are selected
from a second group consisting of MenA, MenC, MenY and
MenW which is/are directly conjugated to a carrier
protein(s). More specifically, the first group may
consist of MenA and MenC, and the second group consist
of MenC, MenY and MenW. Particular embodiments of the
invention are immunogenic compositions comprising:
MenA capsular saccharide conjugated through a linker
to a carrier protein and MenC capsular saccharide
directly conjugated to a carrier protein; MenC
capsular saccharide conjugated through a linker to a
carrier protein and MenY capsular saccharide directly
conjugated to a carrier protein; MenA and MenC
capsular saccharides conjugated through a linker to a
carrier protein(s) and MenY and Men W capsular
saccharides directly conjugated to a carrier
protein(s); MenA capsular saccharide conjugated
through a linker to a carrier protein and MenC, MenY
and Men W capsular saccharides directly conjugated to
a carrier protein(s). In any of these embodiments a
Hib conjugate may also be included, which is linked to
a carrier protein (see list of carriers above and
below, for example TT) directly or through a linker.
The term "saccharide" throughout this specification
may indicate polysaccharide or oligosaccharide and
includes both. Polysaccharides are isolated from
bacteria or isolated from bacteria and sized to some
degree by known methods (see for example EP497524 and
EP497525) and optionally by microfluidisation.
Polysaccharides can be sized in order to reduce
viscosity in polysaccharide samples and/or to improve
filterability for conjugated products.
Oligosaccharides have a low number of repeat units
(typically 5-30 repeat units) and are typically
hydrolysed polysaccharides. Each N. meningitidis
(and/or Hib) capsular saccharide may be conjugated to
a carrier protein independently selected from the
group consisting of TT, DT, CRM197, fragment C of TT
and protein D. A more complete list of protein
carriers that may be used in the conjugates of the
invention is presented below. Although one or more N.
meningitidis (and/or Hib) capsular saccharide may be
conjugated to different carrier proteins from the
others, in one embodiment they are all conjugated to
the same carrier protein. For instance they may all be
conjugated to the same carrier protein selected from
the group consisting of TT, DT, CRM197, fragment C of
TT and protein D. In this context CRM197and DT may be
considered to be the same carrier protein as they
differ by only one amino acid. In an embodiment all
the N. meningitidis (and/or Hib) capsular saccharides
present are conjugated to TT. If the protein carrier
is the same for 2 or more saccharides in the
composition, the saccharide could be conjugated to the
same molecule of the protein carrier (carrier
molecules having 2 more different saccharides
conjugated to it) [see for instance WO 04/083251; for
example, a single carrier protein might be conjugated
to MenA and MenC; MenA and MenW; MenA and MenY; MenC
and MenW; MenC and MenY; Men W and MenY; MenA, MenC
and MenW; MenA, MenC and MenY; MenA, MenW and MenY;
MenC, MenW and MenY; MenA, MenC, MenW and MenY; Hib
and MenA; Hib and MenC; Hib and MenW; or Hib and
MenY]. Alternatively the saccharides may each be
separately conjugated to different molecules of the
protein carrier (each molecule of protein carrier only
having one type of saccharide conjugated to it).
Immunogenic compositions of the first aspect of the
invention may also have any or all the additional
characteristics of the second aspect of the invention
and vice versa. In a second aspect of the invention
there is presented an immunogenic composition
comprising at least 2 different saccharide conjugates
conjugated separately to the same type of carrier
protein, wherein one or more saccharide(s) is/are
conjugated to the carrier protein via a first type of
chemical group on the protein carrier, and one or more
saccharide(s) is/are conjugated to the carrier protein
via a second (different) type of chemical group on the
protein carrier. In one embodiment the 2 conjugates
involve the same saccharide linked to the same
carrier, but by different conjugation chemistries. In
an alternative embodiment 2 different saccharides are
conjugated to different groups on the protein carrier.
By "conjugated separately to the same type of carrier
protein" it is meant that the saccharides are
conjugated to the same carrier individually (for
example, MenA is conjugated to tetanus toxoid through
an amine group on the tetanus toxoid and MenC is
conjugated to tetanus toxoid through a carboxylic acid
group on a different molecule of tetanus toxoid.)The
capsular saccharide(s) may be conjugated to the same
carrier protein independently selected from the group
consisting of TT, DT, CRM197, fragment C of TT and
protein D. A more complete list of protein carriers
that may be used in the conjugates of the invention is
presented below. In this context CRM197 and DT may be
considered to be the same carrier protein as they
differ by only one amino acid. In an embodiment all
the capsular saccharides present are conjugated to TT.
In one embodiment the first and second type of
chemical group on the protein carrier are present on
separate B- and/or T-cell epitopes on the carrier
protein. That is, they are present on a different set
of B- and/or T-cell epitopes from each other. To
predict B-cell epitopes for a carrier known methods
may be used such as either or both of the following
two methods: 2D-structure prediction and/or antigenic
index prediction. 2D-structure prediction can be made
using the PSIPRED program (from David Jones, Brunei
Bioinformatics Group, Dept. Biological Sciences,
Brunei University, Uxbridge UB8 3PH, 



UK). The antigenic index can be calculated on the
basis of the method described by Jameson and Wolf
(CABIOS 4:181-186 [1988]). The parameters used in this
program are the antigenic index and the minimal length
for an antigenic peptide. An antigenic index of 0.9
for a minimum of 5 consecutive amino acids can be used
as the thresholds in the program. T-helper cell
epitopes are peptides bound to HLA class Il molecules
and recognized by T-helper cells. The prediction of
useful T-helper cell epitopes can be based on known
techniques, such as the TEPITOPE method describe by
Sturniolo at al. (Nature Biotech. 17: 555-561 [1999]).
The saccharides may be selected from a group
consisting of: N. meningitidis serogroup A capsular
saccharide (MenA), N. meningitidis serogroup C
capsular saccharide (MenC), N. meningitidis serogroup
Y capsular saccharide (MenY), N. meningitidis
serogroup W capsular saccharide (MenW), H. influenzae
type b capsular saccharide (Hib), Group B
Streptococcus group I capsular saccharide, Group B
Streptococcus group Il capsular saccharide, Group B
Streptococcus group III capsular saccharide, Group B
Streptococcus group IV capsular saccharide, Group B
Streptococcus group V capsular saccharide,
Staphylococcus aureus type 5 capsular saccharide,
Staphylococcus aureus type 8 capsular saccharide, Vi
saccharide from Salmonella typhi, N. meningitidis LPS
(such as L3 and/or L2), M. catarrhalis LPS, H.
influenzae LPS, and from any of the capsular
pneumococcal saccharides such as from serotype: 1, 2,
3, 4, 5, 6A, 6B, 7F, 8, 9N, 9V, 10A, 1 1A, 12F, 14,
15B, 17F, 18C, 19A, 19F, 20, 22F, 23F or 33F. In one
embodiment the immunogenic composition of the
invention consists of or comprises two or more
differentsaccharides from the same genus of bacteria
(e.g. Neisseria, Streptococcus, Staphylococcus, or
Haemophilus). The first and second chemical groups
present on the protein carrier are different from each
other and are ideally natural chemical groups that may
be readily used for conjugation purposes. They may be
selected independently from the group consisting of:
carboxyl groups, amino groups, sulphydryl groups,
Hydroxyl groups, Imidazolyl groups, Guanidyl groups,
and lndolyl groups. In one embodiment the first
chemical group is carboxyl and the second is amino, or
vice versa. These groups are explained in greater
detail below. In a specific embodiment the immunogenic
composition comprises at least 2 different N.
meningitidis capsular saccharides, wherein one or more
is/are selected from a first group consisting of MenA
and MenC which is/are conjugated to the carrier
protein via the first type of chemical group on the
protein carrier (for instance carboxyl), and one or
more different saccharides is/are selected from a
second group consisting of MenC, MenY and MenW which
is/are conjugated to the carrier protein via the
second type of chemical group on the protein carrier
(for instance amino). In a further embodiment the
immunogenic composition of the invention comprises
MenA conjugated via the first type of chemical group
(for instance carboxyl), and MenC conjugated via the
second type of chemical group (for instance amino). In
another embodiment the immunogenic composition
comprises MenC conjugated via the first type of
chemical group (for instance carboxyl), and MenY
conjugated via the second type of chemical group (for
instance amino). In another embodiment the immunogenic
composition comprises MenA conjugated via the first
type of chemical group (for instance carboxyl), and
MenC, MenY and MenW conjugated via the second type of
chemical group (for instance amino). In another
embodiment the immunogenic composition comprises MenA
and MenC conjugated via the first type of chemical
group (for instance carboxyl), and MenY and MenW
conjugated via the second type of chemical group (for
instance amino).In any of the above embodiments Hib
may also be present also conjugated to the same type
of protein carrier. Hib may be conjugated to the
carrier by the first or second type of chemical group.
In one embodiment it is conjugated via a carboxyl
group. General considerations in the aspects of the
invention The saccharides of the invention (in
particular the N. meningitidis saccharides and/or the
Hib capsular saccharide) included in pharmaceutical
(immunogenic) compositions of the invention are
conjugated to a carrier protein such as tetanus toxoid
(TT), tetanus toxoid fragment C, non-toxic mutants of
tetanus toxin [note all such variants of TT are
considered to be the same type of carrier protein for
the purposes of this invention], diphtheria toxoid
(DT), CRM197, other non-toxic mutants of diphtheria
toxin [such as CRM176, CRM 197, CRM228, CRM 45 (Uchida
et al J. Biol. Chem. 218; 3838-3844, 1973); CRM 9, CRM
45, CRM102, CRM 103 and CRM107 and other mutations
described by Nicholls and Youle in Genetically
Engineered Toxins, Ed: Frankel, Maecel Dekker Inc,
1992; deletion or mutation of Glu-148 to Asp, GIn or
Ser and/or Ala 158 to GIy and other mutations
disclosed in US 4709017 or US 4950740; mutation of at
least one or more residues Lys 516, Lys 526, Phe 530
and/or Lys 534 and other mutations disclosed in US
5917017 or US 6455673; or fragment disclosed in US
584371 1] (note all such variants of DT are considered
to be the same type of carrier protein for the
purposes of this invention), pneumococcal pneumolysin
(Kuo et al (1995) Infect lmmun 63; 2706-13), OMPC
(meningococcal outer membrane protein - usually
extracted from N. meningitidis serogroup B - EP0372501
), synthetic peptides (EP0378881 , EP0427347), heat
shock proteins (WO 93/17712, WO 94/03208), pertussis
proteins (WO 98/58668, EP0471 177), cytokines,
lymphokines, growth factors or hormones (WO 91/01
146), artificial proteins comprising multiple human
CD4+ T cell epitopes from various pathogen derived
antigens (Falugi et al (2001) Eur J Immunol 3 1;
3816-3824) such as N19 protein (Baraldoi et al (2004)
Infect lmmun 72; 4884-7) pneumococcal surface protein
PspA (WO 02/091998), iron uptake proteins (WO
01/72337), toxin A or B of C. difficile (WO 00/61761)
or Protein D (EP59461 0 and WO 00/56360). In an
embodiment, the immunogenic composition of the
invention uses the same type of carrier protein
(independently) in at least two, three, four or each
of the saccharides (e.g. N. meningitidis capsular
saccharides and/or Hib) contained therein. In an
embodiment where Hib and N. meningitidis capsular
saccharides are present, Hib may be conjugated to the
same type of carrier protein as the at least two,
three, four or each of the N.meningitidis saccharides.
For example, 2, 3 or 4 of the N. meningitidis
saccharides (MenA,C,Y,W) are independently conjugated
to tetanus toxoid to make 2, 3 or 4 conjugates, and
optionally Hib is also conjugated to TT. In an
embodiment, the immunogenic composition of the
invention comprises a N. meningitidis saccharide
conjugated to a carrier protein selected from the
group consisting of TT DT, CRM197, fragment C of TT
and protein D. In an embodiment, the immunogenic
composition of the invention comprises a Hib
saccharide conjugated to a carrier protein selected
from the group consisting of TT, DT, CRM197, fragment
C of TT and protein D. The immunogenic composition of
the invention optionally comprises at least one
meningococcal saccharide (for example MenA; MenC;
MenW; MenY; MenA and MenC; MenA and MenW; MenA and
MenY; MenC and Men W; Men C and MenY; Men W and MenY;
MenA, MenC and MenW; MenA, MenC and MenY; MenA, MenW
and MenY; MenC, MenW and MenY or MenA, MenC, MenW and
MenY) conjugate having a ratio of Men saccharide to
carrier protein of between 1:5 and 5:1 , between 1:2
and 5:1 , between 1:0.5 and 1:2.5 or between 1:1.25
and 1:2.5(w/w). The immunogenic composition of the
invention optionally comprises a Hib saccharide
conjugate having a ratio of Hib to carrier protein of
between 1:5 and 5:1 ; 1:2 and 2:1 ; 1: 1 and 1:4; 1:2
and 1:3.5; or around or exactly 1:2.5 or 1:3 (w/w).
The ratio of saccharide to carrier protein (w/w) in a
conjugate may be determined using the sterilized
conjugate. The amount of protein is determined using a
Lowry assay (for example Lowry et al (1951) J. Biol.
Chem. 193, 265-275 or Peterson et al Analytical
Biochemistry 100, 201-220 (1979)) and the amount of
saccharide is determined using ICP-OES (inductively
coupled plasma-optical emission spectroscopy) for
MenA, DMAP assay for MenC and Resorcinol assay for
MenW and MenY (Monsigny et al (1988) Anal. Biochem.
175, 525-530). In an embodiment, the immunogenic
composition of the invention comprises N. meningitidis
saccharide conjugate(s) and/or the Hib saccharide
conjugate wherein the N. meningitidis saccharide(s)
and/or the Hib saccharide is conjugated to the carrier
protein via a linker, for instance a bifunctional
linker. The linker is optionally heterobifunctional or
homobifunctional, having for example a reactive amino
group and a reactive carboxylic acid group, 2 reactive
amino groups or two reactive carboxylic acid groups.
The linker hasfor example between 4 and 20, 4 and 12,
5 and 10 carbon atoms. A possible linker is ADH. Other
linkers include B-propionamido (WO 00/10599),
nitrophenyl-ethylamine (Gever et al (1979) Med.
Microbiol. Immunol. 165; 171-288), haloalkyl halides
(US4057685), glycosidic linkages (US4673574,
US4808700), hexane diamine and 6- aminocaproic acid
(US4459286). The saccharide conjugates present in the
immunogenic compositions of the invention may be
prepared by any known coupling technique. The
conjugation method may rely on activation of the
saccharide with 1-cyano-4-dimethylamino pyridinium
tetrafluoroborate (CDAP) to form a cyanate ester. The
activated saccharide may thus be coupled directly or
via a spacer (linker) group to an amino group on the
carrier protein. For example, the spacer could be
cystamine or cysteamine to give a thiolated
polysaccharide which could be coupled to the carrier
via a thioether linkage obtained after reaction with a
maleimideactivated carrier protein (for example using
GMBS) or a holoacetylated carrier protein (for example
using iodoacetimide or N-succinimidyl
bromoacetatebromoacetate). Optionally, the cyanate
ester (optionally made by CDAP chemistry) is coupled
with hexane diamine or ADH and the amino-derivatised
saccharide is conjugated to the carrier protein using
using carbodiimide (e.g. EDAC or EDC) chemistry via a
carboxyl group on the protein carrier. Such conjugates
are described in PCT published application WO 93/15760
Uniformed Services University and WO 95/08348 and WO
96/29094. Other suitable techniques use carbiinides,
hydrazides, active esters, norborane, pnitrobenzoic
acid, N-hydroxysuccinimide, S-NHS, EDC, TSTU. Many are
described in WO 98/42721. Conjugation may involve a
carbonyl linker which may be formed by reaction of a
free hydroxyl group of the saccharide with CDI
(Bethell et al J. Biol. Chem. 1979, 254; 2572-4, Hearn
et al J. Chromatogr. 1981 . 218; 509-18) followed by
reaction of with a protein to form a carbamate
linkage. This may involve reduction of the anomeric
terminus to a primary hydroxyl group, optional
protection/deprotection of the primary hydroxyl group'
reaction of the primary hydroxyl group with CDI to
form a CDI carbamate intermediate and coupling the CDI
carbamate intermediate with an amino group on a
protein. The conjugates can also be prepared by direct
reductive amination methods as described in US 4365170
(Jennings) and US 4673574 (Anderson). Other methods
are described in EP-0-161-188, EP-208375 and
EP-0-477508.A further method involves the coupling of
a cyanogen bromide (or CDAP) activated saccharide
derivatised with adipic acid hydrazide (ADH) to the
protein carrier by Carbodiimide condensation (Chu C.
et al Infect. Immunity, 1983 245 256), for example
using EDAC. In an embodiment, a hydroxyl group
(optionally an activated hydroxyl group for example a
hydroxyl group activated by a cyanate ester) on a
saccharide is linked to an amino or carboxylic group
on a protein either directly or indirectly (through a
linker). Where a linker is present, a hydroxyl group
on a saccharide is optionally linked to an amino group
on a linker, for example by using CDAP conjugation. A
further amino group in the linker for example ADH) may
be conjugated to a carboxylic acid group on a protein,
for example by using carbodiimide chemistry, for
example by using EDAC. In an embodiment, the Hib or 



N. meningitidis capsular saccharide(s) (or saccharide
in general) is conjugated to the linker first before
the linker is conjugated to the carrier protein.
Alternatively the linker may be conjugated to the
carrier before conjugation to the saccharide. In
general the following types of chemical groups on a
protein carrier can be used for coupling /
conjugation: A) Carboxyl (for instance via aspartic
acid or glutamic acid). In one embodiment this group
is linked to amino groups on saccharides directly or
to an amino group on a linker with carbodiimide
chemistry e.g. with EDAC. B) Amino group (for instance
via lysine). In one embodiment this group is linked to
carboxyl groups on saccharides directly or to a
carboxyl group on a linker with carbodiimide chemistry
e.g. with EDAC. In another embodiment this group is
linked to hydroxyl groups activated with CDAP or CNBr
on saccharides directly or to such groups on a linker;
to saccharides or linkers having an aldehyde group; to
saccharides or linkers having a succinimide ester
group. C) Sulphydryl (for instance via cysteine). In
one embodiment this group is linked to a bromo or
chloro acetylated saccharide or linker with maleimide
chemistry. In one embodiment this group is
activated/modified with bis diazobenzidine. D)
Hydroxyl group (for instance via tyrosine). In one
embodiment this group is activated/modified with bis
diazobenzidine.E) Imidazolyl group (for instance via
histidine). In one embodiment this group is
activated/modified with bis diazobenzidine. F)
Guanidyl group (for instance via arginine). G) lndolyl
group (for instance via tryptophan). On a saccharide,
in general the following groups can be used for a
coupling: OH, COOH or NH2. Aldehyde groups can be
generated after different treatments known in the art
such as: periodate, acid hydrolysis, hydrogen
peroxide, etc. Direct coupling approaches:
Saccharide-OH + CNBr or CDAP > cyanate ester +
NH2-Prot - > conjugate Saccharide-aldehyde + NH2-Prot
- > Schiff base + NaCNBH3 - > conjugate
Saccharide-COOH + NH2-Prot + EDAC - > conjugate
Saccharide-NH2 + COOH-Prot + EDAC - > conjugate
Indirect coupling via spacer (linker) approaches:
Saccharide-OH + CNBr or CDAP -> cyanate ester + NH2-
NH2 - > saccharide- NH2 + COOH-Prot + EDAC > conjugate
Saccharide-OH + CNBr or CDAP - > cyanate ester + NH2
SH > saccharide- SH + SH-Prot (native Protein with an
exposed cysteine or obtained after modification of
amino groups of the protein by SPDP for instance) - >
saccharide-S-S-Prot Saccharide-OH + CNBr or CDAP ->
cyanate ester + NH2- SH > saccharide- SH +
maleimide-Prot (modification of amino groups) - >
conjugate Saccharide-COOH + EDAC + NH2 NH2 ->
saccharide NH2 + EDAC + COOHProt - >
conjugateSaccharide-COOH + EDAC+ NH2- SH - >
saccharide- SH + SH-Prot (native Protein with an
exposed cysteine or obtained after modification of
amino groups of the protein by SPDP for instance) >
saccharide-S-S-Prot Saccharide-COOH + EDAC+ NH2- SH -
> saccharide- SH + maleimide-Prot (modification of
amino groups) - > conjugate Saccharide-Aldehyde + NH2
NH2 - > saccharide- NH2 + EDAC + COOH-Prot - >
conjugate Note: instead of EDAC above, any suitable
carbodiimide may be used. In summary, the types of
protein carrier chemical group that may be generally
used for coupling with a saccharide are amino groups
(for instance on lysine residues), COOH groups (for
instance on aspartic and glutamic acid residues) and
SH groups (if accessible) (for instance on cysteine
residues). In an embodiment, the Hib saccharide, where
present, is conjugated to the carrier protein using
CNBr, or CDAP, or a combination of CDAP and
carbodiimide chemistry (such as EDAC), or a
combination of CNBr and carbodiimide chemistry (such
as EDAC). Optionally Hib is conjugated using CNBr and
carbodiimide chemistry, optionally EDAC. For example,
CNBr is used to join the saccharide and linker and
then carbodiimide chemistry is used to join linker to
the protein carrier. In an embodiment, at least one of
the N. meningitidis capsular saccharides (or
saccharide in general) is directly conjugated to a
carrier protein; optionally Men W and/or MenY and/or
MenC saccharide(s) is directly conjugated to a carrier
protein. For example MenW; MenY; MenC; MenW and MenY;
MenW and MenC; MenY and MenC; or MenW, MenY and MenC
are directly linked to the carrier protein.
Optionally, at least one of the N. meningitidis
capsular saccharides is directly conjugated by CDAP.
For example MenW; MenY; MenC; MenW and MenY; MenW and
MenC; MenY and MenC; or MenW, MenY and MenC are
directly linked to the carrier protein by CDAP (see WO
95/08348 and WO 96/29094). In an embodiment, all N.
meningitidis capsular saccharides are conjugated to
tetanus toxoid.In an embodiment, the ratio of Men W
and/or Y saccharide to carrier protein is between
1:0.5 and 1:2 (w/w) and/or the ratio of MenC
saccharide to carrier protein is between 1:0.5 and 1:4
or 1:0.5 and 1:1.5 (w/w), especially where these
saccharides are directly linked to the protein,
optionally using CDAP. In an embodiment, at least one
of the N. meningitidis capsular saccharide(s) (or
saccharide in general) is conjugated to the carrier
protein via a linker, for instance a bifunctional
linker. The linker is optionally heterobifunctional or
homobifunctional, having for example a reactive amine
group and a reative carboxylic acid group, 2 reactive
amine groups or 2 reactive carboxylic acid groups. The
linker has for example between 4 and 20, 4 and 12, 5
and 10 carbon atoms. A possible linker is ADH. In an
embodiment, MenA; MenC; or MenA and MenC is conjugated
to a carrier protein (for example tetanus toxoid) via
a linker. In an embodiment, at least one N.
meningitidis saccharide is conjugated to a carrier
protein via a linker using CDAP and EDAC. For example,
MenA; MenC; or MenA and MenC are conjugated to a
protein via a linker (for example those with two
hydrazino groups at its ends such as ADH) using CDAP
and EDAC as described above. For example, CDAP is used
to conjugate the saccharide to a linker and EDAC is
used to conjugate the linker to a protein. Optionally
the conjugation via a linker results in a ratio of
saccharide to carrier protein of of between 1:0.5 and
1:6; 1: 1 and 1:5 or 1:2 and 1:4, for MenA; MenC; or
MenA and MenC. In an embodiment, the MenA capsular
saccharide, where present is at least partially
Oacetylated such that at least 50%, 60%, 70%, 80%,
90%, 95% or 98% of the repeat units are O-acetylated
at at least one position. O-acetylation is for example
present at least at the O-3 position of at least 50%,
60%, 70%, 80%, 90%, 95% or 98% of the repeat units. In
an embodiment, the MenC capsular saccharide, where
present is is at least partially Oacetylated such that
at least 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or 98%
of (a2 (r)9)-linked NeuNAc repeat units are
O-acetylated at at least one or two positions.
Oacetylation is for example present at the O-7 and/or
O-8 position of at least 30%. 40%, 50%, 60%, 70%, 80%,
90%, 95% or 98% of the repeat units.In an embodiment,
the MenW capsular saccharide, where present is is at
least partially Oacetylated such that at least 30%,
40%, 50%, 60%, 70%, 80%, 90%, 95% or 98% of the repeat
units are O-acetylated at at least one or two
positions. O-acetylation is for example present at the
O-7 and/or O-9 position of at least 30%. 40%, 50%,
60%, 70%, 80%, 90%, 95% or 98% of the repeat units. In
an embodiment, the MenY capsular saccharide, where
present is at least partially Oacetylated such that at
least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or
98% of the repeat units are O-acetylated at at least
one or two positions. O-acetylation is present at the
7 and/or 9 position of at least 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, 95% or 98% of the repeat units.
The percentage of O-acetylation refers to the
percentage of the repeat units containing
Oacetylation. This may be measured in the saccharide
prior to conjugate and/or after conjugation. In one
embodiment of the invention the immunogenic
composition, saccharide present, or each N.
meningitidis capsular saccharide present, is
conjugated to TT. In a further embodiment each N.
meningitidis capsular saccharide is separately
conjugated to a separate carrier protein. In a further
embodiment each N. meningitidis capsular saccharide
conjugate has a saccharide:carrier ratio of 1:5-5:1 or
1:1-1 :4(w/w). In a further embodiment at least one,
two or three N. meningitidis capsular saccharide
conjugate(s) is directly conjugated to a carrier
protein. In a further embodiment Men W and/or MenY,
MenW and/or MenC, MenY and/or MenC, or MenW and MenC
and MenY are directly conjugated to a carrier protein.
In a further embodiment at least one, two or three N.
meningitidis saccharide conjugate(s) is directly
conjugated by CDAP chemistry. In a further embodiment
the ratio of Men W and/or Y saccharide to carrier
protein is between 1:0.5 and 1:2 (w/w). In a further
embodiment the ratio of MenC saccharide to carrier
protein is between 1:0.5 and 1:2 (w/w). In a further
embodiment at least one, two or three N. meningitidis
capsular saccharide(s) are conjugated to the carrier
protein via a linker (which may be bifunctional such
as having two reactive amino groups (such as ADH) or
two reactive carboxyl groups, or a reactive amino
group at one end and a reactive carboxyl group at the
other). The linker can have between 4 and 12 carbon
atoms. In a further embodiment the or each N.
meningitidis capsular saccharide(s) conjugated via a
linker are conjugated to the linker with CDAP
chemistry. In a further embodiment the carrier protein
is conjugated to the linker using carbodiimide
chemistry, for example usingEDAC. In a further
embodiment the or each N. meningitidis capsular
saccharide is conjugated to the linker before the
carrier protein is conjugated to the linker. In a
further embodiment MenA is conjugated to a carrier
protein via a linker (the ratio of MenA saccharide to
carrier protein may be between 1:2 and 1:5 (w/w)). In
a further embodiment MenC is conjugated to a carrier
protein via a linker (the ratio of MenC saccharide to
carrier protein may be between 1:2 and 1:5 (w/w)). The
inventors have also noted that the focus of the art
has been to use oligosaccharides for ease of conjugate
production. The inventors have found that by using
native or slightly sized polysaccharide conjugates,
one or more of the following advantages may be
realised: 1) a conjugate having high immungenicity
which is filterable through a 0.2 micron filter; 2)
immune memory may be enhanced (as in example three);
3) the alteration of the ratio of polysaccharide to
protein in the conjugate such that the ratio of
polysaccharide to protein (w/w) in the conjugate may
be increased (this can result in a reduction of the
carrier suppression effect); 4) immunogenic conjugates
prone to hydrolysis (such as MenA conjugates) may be
stabilised by the use of larger polysaccharides for
conjugation.The use of larger polysaccharides can
result in more cross-linking with the conjugate
carrier and may lessen the liberation of free
saccharide from the conjugate. The conjugate vaccines
described in the prior art tend to depolymerise the
polysaccharides prior to conjugation in order to
improve conjugation. The present inventors have found
that meningococcal (or saccharide) conjugate vaccines
retaining a larger size of saccharide can provide a
good immune response against meningococcal disease.
The immunogenic composition of the invention may thus
comprise one or more saccharide conjugates wherein the
average size of each saccharide before conjugation is
above 5OkDa, 75kDa, 10OkDa, 11OkDa, 12OkDa or 13OkDa.
In one embodiment the conjugate post conjugation
should be readily filterable through a 0.2 micron
filter such that 



a yield of more than 50, 60, 70, 80, 90 or 95% is
obtained post filtration compared with the pre
filtration sample. In particular, the immunogenic
composition of the invention comprises N. meningitidis
capsular saccharides from at least one, two, three or
four of serogroups A, C, W and Y conjugated to a
carrier protein, wherein the average size
(weight-average molecular weight; Mw) of at least one,
two, three or four or each N. meningitidis saccharide
is above 5OkDa, 6OkDa, 75kDa, 10OkDa, 110kDa, 12OkDa
or 13OkDa.The immunogenic composition may comprise N.
meningitidis capsular saccharides from at least one,
two, three or four of serogroups A, C, W and Y
conjugated to a carrier protein, wherein at least one,
two, three or four or each N. meningitidis saccharide
is either a native saccharide or is sized by a factor
up to x2, x3, x4, x5, x6, x7, x8, x9 or x10 relative
to the weight average molecular weight of the native
polysaccharide. For the purposes of the invention,
"native polysaccharide" refers to a saccharide that
has not been subjected to a process, the purpose of
which is to reduce the size of the saccharide. A
polysaccharide can become slightly reduced in size
during normal purification procedures. Such a
saccharide is still native. Only if the polysaccharide
has been subjected to sizing techniques would the
polysaccharide not be considered native. For the
purposes of the invention, "sized by a factor up to
x2" means that the saccharide is subject to a process
intended to reduce the size of the saccharide but to
retain a size more than half the size of the native
polysaccharide. X3, x4 etc. are to be interpreted in
the same way i.e. the saccharide is subject to a
process intended to reduce the size of the
polysaccharide but to retain a size more than a third,
a quarter etc. the size of the native polysaccharide.
In an aspect of the invention, the immunogenic
composition comprises N. meningitidis capsular
saccharides from at least one, two, three or four of
serogroups A, C, W and Y conjugated to a carrier
protein, wherein at least one, two, three or four or
each N. meningitidis saccharide is native
polysaccharide. In an aspect of the invention, the
immunogenic composition comprises N. meningitidis
capsular saccharides from at least one, two, three or
four of serogroups A, C, W and Y conjugated to a
carrier protein, wherein at least one, two, three or
four or each N. meningitidis saccharide is sized by a
factor up to x1.5, x2, x3, x4, x5, x6, x7, xd, x9 or
x10. The immunogenic compositions of the invention
optionally comprise conjugates of : N. meningitidis
serogroup C capsular saccharide (MenC), serogroup A
capsular saccharide (MenA), serogroup W135 capsular
saccharide (MenW), serogroup Y capsular saccharide
(MenY), serogroup C and Y capsular saccharides
(MenCY), serogroup C and A capsular saccharides
(MenAC), serogroup C and W capsular saccharides
(MenCW), serogroup A and Y capsular saccharide
(MenAY), serogroup A and W capsular saccharides
(MenAW), serogroup W and Y capsular saccharides (Men
WY), serogroup A, C and W capsularsaccharide (MenACW),
serogroup A, C and Y capsular saccharides (MenACY);
serogroup A, W135 and Y capsular saccharides (MenAWY),
serogroup C, W135 and Y capsular saccharides (MenCWY);
or serogroup A, C, W135 and Y capsular saccharides
(MenACWY). This is the definition of "one , two, three
or four", or "at least one of of serogroups A, C,W and
Y, or of each N. meningitidis saccharide where
mentioned herein. In an embodiment, the average size
of at least one, two, three, four or each N.
meningitidis saccharide is between 50KDa and 150OkDa,
5OkDa and 50OkDa, 50 kDa and 300 KDa, 101 kDa and
150OkDa, 101 kDa and 50OkDa, 101 kDa and 30OkDa as
determined by MALLS. In an embodiment, the MenA
saccharide, where present, has a molecular weight of
50- 50OkDa, 50-10OkDa, 100-50OkDa, 55-90KDa, 60-7OkDa
or 70-8OkDa or 60-8OkDa. In an embodiment, the MenC
saccharide, where present, has a molecular weight of
100- 20OkDa, 50-10OkDa, 100-15OkDa, 101-13OkDa,
150-21OkDa or 180-21OkDa. In an embodiment the MenY
saccharide, where present, has a molecular weight of
60- 19OkDa 70-18OkDa, 80-17OkDa, 90-16OkDa, 100-15OkDa
or 110-14OkDa, 50-10OkDa, 100-14OkDa, 140-17OkDa or
150-16OkDa. In an embodiment the MenW saccharide,
where present, has a molecular weight of 60- 19OkDa,
70-18OkDa, 80-17OkDa, 90-16OkDa, 100-15OkDa,
110-14OkDa, 50-10OkDa or 120-14OkDa. The molecular
weight or average molecular weight of a saccharide
herein refers to the weight-average molecular weight
(Mw) of the saccharide measured prior to conjugation
and is measured by MALLS. The MALLS technique is well
known in the art and is typically carried out as
described in example 2. For MALLS analysis of
meningococcal saccharides, two columns (TSKG6000 and
5000PWxI) may be used in combination and the
saccharides are eluted in water. Saccharides are
detected using a light scattering detector (for
instance Wyatt Dawn DSP equipped with a 1OmW argon
laser at 488nm) and an inferometric refractometer (for
instance Wyatt Otilab DSP equipped with a P100 cell
and a red filter at 498nm).In an embodiment the N.
meningitidis saccharides are native polysaccharides or
native polysaccharides which have reduced in size
during a normal extraction process. In an embodiment,
the N. meningitidis saccharides are sized by
mechanical cleavage, for instance by microfluidisation
or sonication. Microfluidisation and sonication have
the advantage of decreasing the size of the larger
native polysaccharides sufficiently to provide a
filterable conjugate (fro example through a 0.2 micron
filter). Sizing is by a factor of no more than x20,
x10, x8, x6, x5, x4, x3, x2 or x1.5. In an embodiment,
the immunogenic composition comprises N. meningitidis
conjugates that are made from a mixture of native
polysaccharides and saccharides that are sized by a
factor of no more than x20. For example, saccharides
from MenC and/or MenA are native. For example,
saccharides from MenY and/or MenW are sized by a
factor of no more than x20, x10, x8, x6, x5, x4, x3 or
x2. For example, an immunogenic composition contains a
conjugate made from MenY and/or MenW and/or MenC
and/or MenA which is sized by a factor of no more then
x10 and/or is microfluidised. For example, an
immunogenic composition contains a conjugate made from
native MenA and/or MenC and/or MenW and/or MenY. For
example, an immunogenic composition comprises a
conjugate made from native MenC. For example, an
immunogenic composition comprises a conjugate made
from native MenC and MenA which is sized by a factor
of no more then x10 and/or is microfluidised. For
example, an immunogenic composition comprises a
conjugate made from native MenC and MenY which is
sized by a factor of no more then x10 and/or is
microfluidised. in an embodiment, the polydispersity
of the saccharide is 1-1.5, 1-1 .3, 1-1 .2, 1-1.1 or
1- 1.05 and after conjugation to a carrier protein,
the polydispersity of the conjugate is 1.0- 2.5,
1.0-2.0. 1.0-1.5, 1.0-1.2, 1.5-2.5, 1.7-2.2 or
1.5-2.0. All polydispersity measurements are by MALLS.
Saccharides are optionally sized up to 1.5, 2, 4, 6,
8, 10, 12, 14, 16, 18 or 20 times from the size of the
polysaccharide isolated from bacteria. In one
embodiment each N. meningitidis saccharide is either a
native polysaccharide or is sized by a factor of no
more than x10. In a further embodiment each N.
meningitidis capsular saccharide is a native
polysaccharide. In a further embodiment at least one,
two, three or four N. meningitidis capsular
saccharide(s) is sized by microfluidization. In
afurther embodiment each N. meningitidis capsular
saccharide is sized by a factor of no more than x10.
In a further embodiment the N. meningitidis conjugates
are made from a mixture of native polysaccharides and
saccharides that are sized by a factor of no more than
x10. In a further embodiment the capsular saccharide
from serogroup Y is sized by a factor of no more than
x10. In a further embodiment capsular saccharides from
serogroups A and C are native polysaccharides and
saccharides from serogroups W135 and Y are sized by a
factor of no more than x10. In a further embodiment
the average size of each N. meningitidis capular
saccharide is between 50 kDa and 300 KDa or 5OkDa and
20OkDa. In a further embodiment the immunogenic
composition comprises a MenA capsular saccharide
having an average size of above 5OkDa, 75kDa, 10OkDa
or an average size of between 50-10OkDa or 55-90KDa or
60-8OkDa. In a further embodiment the immunogenic
composition comprises a MenC capsular saccharide
having an average size of above 5OkDa, 75kDa, 10OkDa
or between 100-20OkDa, 100-15OkDa, 80-12OkDa , 90-1
1OkDa, 150-20OkDa, 120-24OkDa, 140-22OkDa, 160-20OkDa
or 190-20OkDa. In a further embodiment the immunogenic
composition comprises a MenY capsular saccharide,
having an average size of above 5OkDa, 75kDa, 10OkDa
or between 60- 19OkDa or 70-18OkDa or 80-17OkDa or
90-16OkDa or 100-15OkDa , 110-145kDa or 120- 14OkDa.
In a further embodiment the immunogenic composition
comprises a MenW capsular saccharide having an average
size of above 5OkDa, 75kDa, 10OkDa or between
60-19OkDa or 70-18OkDa or 80-17OkDa or 90-16OkDa or
100-15OkDa, 140-18OkDa, 150- 17OkDa or 110-14OkDa. The
immunogenic composition of the invention may comprise
a H. influenzae b capsular saccharide (Hib) conjugated
to a carrier protein. This may be conjugated to a
carrier protein selected from the group consisting of
TT, DT, CRM197, fragment C of TT and protein D, for
instance TT. The Hib saccharide may be conjugated to
the same carrier protein as for at least one, two,
three or all of the N. meningitidis capsular
saccharide conjugates, for instance TT. The ratio of
Hib to carrier protein in the Hib capsular saccharide
conjugate may be between 1:5 and 5:1 (w/w), for
instance between 1:1 and 1:4, 1:2 and 1:3.5 or around
1:3 (w/w). The Hib capsular saccharide may be
conjugated to the carrier protein via a linker (see
above). The linker may bifunctional (with two reactive
amino groups, such as ADH, or two reactive carboxylic
acid groups, or a reactive amino group at one end and
a reactive carboxylic acid group at the other end). It
may have between 4 and 12 carbon atoms. Hib saccharide
may be conjugated to the carrier protein or linker
using CNBr or CDAP. The carrier protein may be
conjugated to the Hib saccharide via the linker using
a method comprising carbodiimide chemistry, for
exampleEDAC chemistry (thus using the carboxyl
chemical group on the carrier). The dose of the Hib
saccharide conjugate may be between 0.1 and 9mg, 1 and
5mg or 2 and 3mg of saccharide. In a further
embodiment, the immunogenic composition of the
invention comprises a Hib saccharide conjugate and at
least two N. meningitidis saccharide conjugates
wherein the Hib conjugate is present in a lower
saccharide dose than the mean saccharide dose of the
at least two N. meningitidis saccharide conjugates.
Alternatively, the Hib conjugate is present in a lower
saccharide dose than the saccharide dose of each of
the at least two N. meningitidis saccharide
conjugates. For example, the dose of the Hib conjugate
may be at least 10%, 20%, 30%, 40%, 50%, 60%, 70% or
80% lower than the mean or lowest saccharide dose of
the at least two further N. meningitidis saccharide
conjugates. The mean dose is determined by adding the
doses of all the further saccharides and dividing by
the number of further saccharides. Further saccharides
are all the saccharides within the immunogenic
composition apart from Hib and can include N.
meningitidis capsular saccharides. The "dose" is in
the amount of immunogenic composition or vaccine that
is administered to a human. A Hib saccharide is the
polyribosyl phosphate (PRP) capsular polysaccharide of
Haemophilus influenzae type b or an oligosaccharide
derived therefrom. At least two further bacterial
saccharide conjugates is to be taken to mean two
further bacterial saccharide conjugates in addition to
a Hib conjugate. The two further bacterial conjugates
may include N. meningitidis capular saccharide
conjugates. The immunogenic compositions of the
invention may comprise further saccharide conjugates
derived from one or more of Neisseria meningitidis,
Streptococcus pneumoniae, Group A Streptococci, Group
B Streptococci, S. typhi, Staphylococcus 



aureus or Staphylococcus epidermidis. In an
embodiment, the immunogenic composition comprises
capsular saccharides derived from one or more of
serogroups A, C, W135 and Y of Neisseria meningitidis.
A further embodiment comprises capsular saccharides
derived from Streptococcus pneumoniae. The
pneumococcal capsular saccharide antigens are
optionally selected from serotypes 1, 2, 3, 4, 5, 6A,
6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C,
19A, 19F, 20, 22F, 23F and 33F (optionally from
serotypes 1, 3, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and
23F). A further embodiment comprises the Type5, Type 8
or 336 capsular saccharides of Staphylococcus aureus.
A further embodiment comprises the Type I, Type Il or
Type III capsular saccharides of Staphylococcus
epidermidis. A further embodiment comprises the Vi
saccharide from S. typhi. A further embodiment
comprises the Type Ia, Type Ic, Type II, Type III or
Type V capsular saccharides of Group B streptocoocus.
A further embodiment comprises the capsular
saccharides of Group A streptococcus, optionally
further comprising at least one M protein and
optionally multiple types of M protein. The
immunogenic compositions of the invention may also
comprise a DTPa or DTPw vaccine (for instance one
containing DT, TT, and either a whole cell pertussis
(Pw) vaccine or an acellular pertussis (Pa) vaccine
(comprising for instance pertussis toxoid, FHA,
pertactin, and, optionally agglutinogins 2 and 3).
Such combinations may also comprise a vaccine against
hepatitis B (for instance it may comprise hepatitis B
surface antigen [HepB], optionally adsorbed onto
aluminium phosphate). In one embodiment the
immunogenic composition of the invention comprises a
DTPwHepBHibMenAC vaccine where the HibMenAC component
is as described above. Immunogenic compositions of the
invention optionally comprise additional viral
antigens conferring protection against disease caused
by measles and/or mumps and/or rubella and/or
varicella. For example, immunogenic composition of the
invention contains antigens from measles, mumps and
rubella (MMR) or measles, mumps, rubella and varicella
(MMRV). In an embodiment, these viral antigens are
optionally present in the same container as the
meningococcal and/or Hib saccharide conjugate(s). In
an embodiment, these viral antigens are lyophilised.
In an embodiment, the immunogenic composition of the
invention further comprises an antigen from N.
meningitidis serogroup B. The antigen is optionally a
capsular polysaccharide from N. meningitidis serogroup
B (MenB) or a sized polysaccharide or oligosaccharide
derived therefrom, which may be conjugated to a
protein carrier. The antigen is optionally an outer
membrane vesicle preparation from N. meningitidis
serogroup B as described in EP301992, WO 01/09350, WO
04/14417, WO 04/14418 and WO 04/14419. In general, the
immunogenic composition of the invention may comprise
a dose of each saccharide conjugate between 0.1 and
20mg, 2 and 10mg, 2 and 6mg or 4 and 7mg of
saccharide.In an embodiment, the immunogenic
composition of the invention contains each N.
meningitidis capsular saccharide at a dose of between
0.1-20mg; 1-1 Omg; 2-1 Omg, 2.5-5mg, around or exactly
5mg; or around or exactly 2.5mg. In an embodiment, the
immunogenic composition of the invention comprises
MenA, MenC, MenW and MenY (optionally conjugated to
tetanus toxoid) in doses of 2.5, 2.5, 2.5 and 2.5mg
respectively, 5, 5, 5 and 5mg respectively or 5, 5,
2,5 and 2.5mg respectively. In an embodiment, the
immunogenic composition of the invention for example
contains the Hib saccharide conjugate at a saccharide
dose between 0.1 and 9mg; 1 and 5mg or 2 and 3mg or
around or exactly 2.5mg. In a further embodiment the
immunogenic composition of the invention for example
contains the Hib saccharide conjugate at a saccharide
dose between 0.1 and 9mg; 1 and 5mg or 2 and 3mg or
around or exactly 2.5mg and each of the N.
meningitidis polysaccharide conjugates at a saccharide
dose of between 2 and 20mg, 3 and 10mg, or between 4
and 7mg or around or exactly 5mg. "Around" or
"approximately" are defined as within 10% more or less
of the given figure for the purposes of the invention.
In an embodiment, the immunogenic composition of the
invention may contain a saccharide dose of the Hib
saccharide conjugate which is for example less than
90%, 80%, 75%, 70%, 60%, 50%, 40%, 30%, 20% or 10% of
the mean saccharide dose of at least two, three, four
or each of the N. meningitidis saccharide conjugates.
The saccharide dose of the Hib saccharide is for
example between 20% and 60%, 30% and 60%, 40% and 60%
or around or exactly 50% of the mean saccharide dose
of at least two, three, four or each of the N.
meningitidis saccharide conjugates. In an embodiment,
the immunogenic composition of the invention contains
a saccharide dose of the Hib saccharide conjugate
which is for example less than 90%, 80%, 75%, 70%,
60%, 50%, 40%, 30%, 20% or 10% of the lowest
saccharide dose of the at least two, three, four or
each of the N. meningitidis saccharide conjugates. The
saccharide dose of the Hib saccharide is for example
between 20% and 60%, 30% and 60%, 40% and 60% or
around or exactly 50% of the lowest saccharide dose of
the at least two, three, four or each of the N.
meningitidis saccharide conjugates.In an embodiment of
the invention, the saccharide dose of each of the at
least two, three, four or each of the N. meningitidis
saccharide conjugates is optionally the same, or
approximately the same. Examples of immunogenic
compositions of the invention are compositions
consisting of or comprising: Hib conjugate and MenA
conjugate and MenC conjugate, optionally at saccharide
dose ratios of 1:2:2, 1:2:1 , 1:4:2, 1:6:3, 1:3:3,
1:4:4, 1:5:5, 1:6:6 (w/w). Optionally, the saccharide
dose of MenA is greater than the saccharide dose of
MenC. Hib conjugate and MenC conjugate and MenY
conjugate, optionally at saccharide dose ratios of
1:2:2, 1:2:1, 1:4:2, 1:4:1 , 1:8;4, 1:6:3, 1:3:3,
1:4:4, 1:5:5, 1:6:6 (w/w). Optionally, the saccharide
dose of MenC is greater than the saccharide dose of
MenY. Hib conjugate and MenC conjugate and MenW
conjugate, optionally at saccharide dose ratios of
1:2:2, 1:2:1 , 1:4:2, 1:4:1 , 1:8;4, 1:6:3, 1:3:3,
1:4:4, 1:5:5, 1:6:6 (w/w). Optionally the saccharide
dose of MenC is greater than the saccharide dose of
MenW. Hib conjugate and MenA conjugate and MenW
conjugate, optionally at saccharide dose ratios of
1:2:2, 1:2:1 , 1:4:2, 1:4:1 , 1:8;4, 1:6:3, 1:3:3,
1:4:4, 1:5:5, 1:6:6 (w/w). Optionally, the saccharide
dose of MenA is greater than the saccharide dose of
MenW. Hib conjugate and MenA conjugate and MenY
conjugate, optionally at saccharide dose ratios of
1:2:2, 1:2:1 , 1:4:2, 1:4:1 , 1:8:4, 1:6:3, 1:3:3,
1:4:4, 1:5:5, 1:6:6 (w/w). Optionally the saccharide
dose of MenA is greater than the saccharide dose of
MenY. Hib conjugate and MenW conjugate and MenY
conjugate, optionally at saccharide dose ratios of
1:2:2, 1:2:1 , 1:1 :2, 1:4:2, 1:2:4, 1:4:1 , 1:1 :4,
1:3;6, 1:1 :3, 1:6:3, 1:3:3, 1:4:4, 1:5:5, 1:6:6
(w/w). Optionally the saccharide dose of MenY is
greater than the saccharide dose of MenW. MenA, MenC,
MenW and MenY at saccharide dose ratios of 1:1 :1:1 or
2:1 : 1 :1 or 1:2:1:1 or 2:2:1:1 or 1:3:1 :1 or
1:4:1:1 (w/w). A further aspect of the invention is a
vaccine comprising the immunogenic composition of the
invention and a pharmaceutically acceptable excipient.
In an embodiment, the immunogenic composition of the
invention is adjusted to or buffered at, or adjusted
to between pH 7.0 and 8.0, pH 7.2 and 7.6 or around or
exactly pH 7.4. The immunogenic composition or
vaccines of the invention are optionally lyophilised
in the presence of a stabilising agent for example a
polyol such as sucrose or trehalose.Optionally, the
immunogenic composition or vaccine of the invention
contains an amount of an adjuvant sufficient to
enhance the immune response to the immunogen. Suitable
adjuvants include, but are not limited to, aluminium
salts (aluminium phosphate or aluminium hydroxide),
squalene mixtures (SAF-1), muramyl peptide, saponin
derivatives, mycobacterium cell wall preparations,
monophosphoryl lipid A, mycolic acid derivatives,
non-ionic block copolymer surfactants, Quil A, cholera
toxin B subunit, polyphosphazene and derivatives, and
immunostimulating complexes (ISCOMs) such as those
described by Takahashi et al. (1990) Nature
344:873-875. For the N. meningitidis or HibMen
combinations discussed above, it may be advantageous
not to use any aluminium salt adjuvant or any adjuvant
at all. As with all immunogenic compositions or
vaccines, the immunologically effective amounts of the
immunogens must be determined empirically. Factors to
be considered include the immunogenicity, whether or
not the immunogen will be complexed with or covalently
attached to an adjuvant or carrier protein or other
carrier, route of administrations and the number of
immunising dosages to be administered. The active
agent can be present in varying concentrations in the
pharmaceutical composition or vaccine of the
invention. Typically, the minimum concentration of the
substance is an amount necessary to achieve its
intended use, while the maximum concentration is the
maximum amount that will remain in solution or
homogeneously suspended within the initial mixture.
For instance, the minimum amount of a therapeutic
agent is optionally one which will provide a single
therapeutically effective dosage. For bioactive
substances, the minimum concentration is an amount
necessary for bioactivity upon reconstitution and the
maximum concentration is at the point at which a
homogeneous suspension cannot be maintained. In the
case of single-dosed units, the amount is that of a
single therapeutic application. Generally, it is
expected that each dose will comprise 1-100mg of
protein antigen, optionally 5-50mg or 5-25mg. For
example, doses of bacterial saccharides are 10-20mg,
5-1 Omg, 2.5-5mg or 1-2.5mg of saccharide in the
conjugate. The vaccine preparations of the present
invention may be used to protect or treat a mammal
(for example a human patient) susceptible to
infection, by means of administering said vaccine via
systemic or mucosal route. A human patient is
optionally an infant (under 12 months), a toddler
(12-24, 12-16 or 12-14 months), a child (2-10, 3-8or
3-5 years) an adolescent (12-21 , 14-20 or 15-19
years) or an adult. 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
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 if saccharides are
present in a vaccine these could be administered
separately at the same time or 1-2 weeks after the
administration of a bacterial protein vaccine for
optimal coordination of the immune responses with
respect to each other). In addition to a single route
of administration, 2 different routes of
administration may be used. For example, viral
antigens may be administered ID (intradermal), whilst
bacterial proteins may be administered IM
(intramuscular) or IN (intranasal). If saccharides are
present, they 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. 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 Fullerton, US Patent 4,235,877. A further aspect of
the invention is a vaccine kit for concomitant or
sequential administration comprising two multi-valent
immunogenic compositions for conferring protection in
a host against disease caused by Bordetella pertussis,
Clostridium tetani, 



Corynebacterium diphtheriae and Neisseria meningitidis
and optionally Haemophilus influenzae. For example,
the kit optionally comprises a first container
comprising one or more of: tetanus toxoid (TT),
diphtheria toxoid (DT), and whole cell or acellular
pertussis components and a second container
comprising: an immunogenic composition of the
invention as described above (for instance those
comprising Men or HibMen saccharide conjugate
combinations).A further aspect of the invention is a
vaccine kit for concomitant or sequential
administration comprising two multi-valent immunogenic
compositions for conferring protection in a host
against diease caused by Streptococcus pneumoniae and
Neisseria meningitidis and optionally Haemophilus
influenzae. For example, the kit optionally comprises
a first container comprising: one or more conjugates
of a carrier protein and a capsular saccharide from
Streptococcus pneumoniae [where the capsular
saccharide is optionally from a pneumococcal serotype
selected from the group consisting of 1, 2, 3, 4, 5,
6A, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F1 14, 15B, 17F,
18C, 19A, 19F, 20, 22F, 23F and 33F]. and a second
container comprising: an immunogenic composition of
the invention as described above (for instance those
comprising Men or HibMen saccharide conjugate
combinations). Examples of the Hib conjugate and the
N. meningitidis polysaccharide conjugates are as
described above. Typically the Streptococcus
pneumoniae vaccine in the vaccine kit of the present
invention (or in any of the immunogenic compositions
of the invention described above) will comprise
saccharide antigens (optionally conjugated), wherein
the saccharides are derived from at least four
serotypes of pneumococcus chosen from the group
consisting of 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9N, 9V,
10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F,
23F and 33F. Optionally, the four serotypes include
6B, 14, 19F and 23F. Optionally, at least 7 serotypes
are included in the composition, for example those
derived from serotypes 4, 6B, 9V, 14, 18C, 19F, and
23F. Optionally more than 7 serotypes are included in
the composition, for instance at least 10, 11, 12, 13
or 14 serotypes. For example the composition in one
embodiment includes 10 or 11 capsular saccharides
derived from serotypes 1, 4, 5, 6B, 7F, 9V, 14, 18C,
19F and 23F, and optionally 3 (all optionally
conjugated). In an embodiment of the invention at
least 13 saccharide antigens (optionally conjugated)
are included, although further saccharide antigens,
for example 23 valent (such as serotypes 1, 2, 3, 4,
5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F,
18C, 19A, 19F, 20, 22F, 23F and 33F), are also
contemplated by the invention. The pneumococcal
saccharides are independently conjugated to any known
carrier protein, for example CRM197, tetanus toxoid,
diphtheria toxoid, protein D or any other carrier
proteins as mentioned above.Optionally, the vaccine
kits of the invention comprise a third component. For
example, the kit optionally comprises a first
container comprising one or more of: tetanus toxoid
(TT), diphtheria toxoid (DT), and whole cell or
acellular pertussis components and a second container
comprising : one or more conjugates of a carrier
protein and a capsular saccharide from Streptococcus
pneumoniae [where the capsular saccharide is
optionably from a pneumococcal serotype selected from
the group consisting of 1, 2, 3, 4, 5, 6A, 6B, 7F, 8,
9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F,
20, 22F, 23F and 33F]. and a third container
comprising: an immunogenic composition of the
invention as described above (for instance those
comprising Men or HibMen saccharide conjugate
combinations). A further aspect of the invention is a
process for making the immunogenic composition or
vaccine of the invention, comprising the step of
mixing the saccharides of the invention, for instance
mixing N. meningitidis capsular saccharides from at
least one, two, three or all four of serogroups A, C,
W and Y conjugated to a carrier protein with a
pharmaceutically acceptable excipient. A further
aspect of the invention is a method of immunising a
human host against disease caused by bacteria, for
example N. meningitidis and optionally Haemophilus
influenzae infection comprising administering to the
host an immunoprotective dose of the immunogenic
composition or vaccine or kit of the invention,
optionally using a single dose. An independent aspect
of the invention is a method of immunising a human
host with an immunogenic composition comprising at
least 2 different N. meningitidis capsular saccharide
conjugates selected from the group consisting of
serogroup A, C, W and Y (optionally MenA, C, W and Y)
wherein a single dose administration (optionally to
teenagers, aldults or children) results in a blood
test taken one month after administration giving over
50%, 60%, 70%, 80%, 90% or 95% responders in an SBA
assay measuringlevels of response against MenA, MenC,
MenW and/or MenY. Optionally the SBA assay is as
described in Example 9 with responder assessed as
described in Example 9. A further independent aspect
of the invention is an immunogenic composition
comprising MenA , MenC, MenW and/or MenY conjugates
which is capable of eliciting an immune response after
a single dose such that over 50%, 60%, 70%, 80%, 90%
or 95% of human subjects (children, teenagers or
adults) inoculated are classified as responders in an
SBA assay on blood extracted a month after inoculation
(optionally using the criteria described in example
9). Such an immunogenic composition optionally has the
further structural characteristics described herein. A
further aspect of the invention is an immunogenic
composition of the invention for use in the treatment
or prevention of disease caused by bacteria, for
example N. meningitidis and optionally Haemophilus
influenzae infection. A further aspect of the
invention is use of the immunogenic composition or
vaccine or kit of the invention in the manufacture of
a medicament for the treatment or prevention of
diseases caused by bacteria for example N.
meningitidis and optionally Haemophilus influenzae
infection. 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. The invention is
illustrated in the accompanying examples. The examples
below are carried out using standard techniques, which
are well known and routine to those of skill in the
art, except where otherwise described in detail. The
examples are illustrative , but do not limit the
invention.Examples Example 1 - preparation of
polysaccharide conjugates The covalent binding of
Haemophilus influenzae (Hib) PRP polysaccharide to TT
was carried out by a coupling chemistry developed by
Chu et al (Infection and Immunity 1983, 40 (1);
245-256). Hib PRP polysaccharide was activated by
adding CNBr and incubating at pH10.5 for 6 minutes.
The pH was lowered to pH8.75 and adipic acid
dihydrazide (ADH) was added and incubation continued
for a further 90 minutes. The activated PRP was
coupled to purifed tetanus toxoid via carbodiimide
condensation using 1-ethyl-3-(3-
dimethyl-aminopropyl)carbodiimide (EDAC). EDAC was
added to the activated PRP to reach a final ratio of
0.6mg EDAC/mg activated PRP. The pH was adjusted to
5.0 and purified tetanus toxoid was added to reach 2mg
TT/mg activated PRP. The resulting solution was left
for three days with mild stirring. After filtration
through a 0.45mm membrane, the conjugate was purifed
on a sephacryl S500HR (Pharmacia, Sweden) column
equilibrated in 0.2M NaCI. MenC -TT conjugates were
produced using native polysaccharides ( of over 15OkDa
as measured by MALLS) or were slightly microfluidised.
MenA-TT conjugates were produced using either native
polysaccharide or slightly microfluidised
polysaccharide of over 6OkDa as measured by the MALLS
method of example 2. MenW and MenY-TT conjugates were
produced using sized polysaccharides of around
100-20OkDa as measured by MALLS (see example 2).
Sizing was by microfluidisation using a homogenizer
Emulsiflex C-50 apparatus. The polysaccharides were
then filtered through a 0.2mm filter. Activation and
coupling were performed as described in WO96/29094 and
WO 00/56360. Briefly, the polysaccharide at a
concentration of 10-20mg/ml in 2M NaCI pH 5.5-6.0 was
mixed with CDAPsolution (100mg/ml freshly prepared in
acetonitrile/WFI, 50/50) to a final
CDAP/polysaccharide ratio of 0.75/1 or 1.5/1. After
1.5 minutes, the pH was raised with sodium hydroxide
to pH10.0. After three minutes tetanus toxoid was
added to reach a protein/polysaccharide ratio of 1.5/1
for MenW, 1.2/1 for MenY, 1.5/1 for MenA or 1.5/1 for
MenC. The reaction continued for one to two hours.
After the coupling step, glycine was added to a final
ratio of glycine/PS (w/w) of 7.5/1 and the pH was
adjusted to pH9.0. The mixture was left for 30
minutes. The conjugate was clarified using a 10mm
Kleenpak filter and was then loaded onto a Sephacryl
S400HR column using an elution buffer of 15OmM NaCI,
1OmM or 5mM Tris pH7.5. Clinical lots were filtered on
an Opticap 4 sterilizing membrane. The resultant
conjugates had an average polysaccharide: protein
ratio of 1:1-1 :5 (w/w).Example 1a - preparation of
MenA and MenC polysaccharide conjugates of the
invention MenC -TT conjugates were produced using
native polysaccharides (of over 15OkDa as measured by
MALLS) or were slightly microfluidised. MenA-TT
conjugates were produced using either native
polysaccharide or slightly microfluidised
polysaccharide of over 6OkDa as measured by the MALLS
method of example 2. Sizing was by microfluidisation
using a homogenizer Emulsiflex C-50 apparatus. The
polysaccharides were then filtered through a 0.2mm
filter. In order to conjugate MenA capsular
polysaccharide to tetanus toxoid via a spacer, the
following method was used. The covalent binding of the
polysaccharide and the spacer (ADH) is carried out by
a coupling chemistry by which the polysaccharide is
activated under controlled conditions by a cyanylating
agent, 1-cyano-4-dimethylamino-pyridinium
tetrafluoroborate (CDAP). The spacer reacts with the
cyanylated PS through its hydrazino groups, to form a
stable isourea link between the spacer and the
polysaccharide. A 10mg/ml solution of MenA (pH 6.0)
[3.5 g] was treated with a freshly prepared 100mg/ml
solution of CDAP in acetonitrile/water (50/50 (v/v))
to obtain a CDAP/MenA ratio of 0.75 (w/w). After 1.5
minutes, the pH was raised to pH 10.0. Three minutes
later, ADH was added to obtain an ADH/MenA ratio of
8.9. The pH of the solution was decreased to 8.75 and
the reaction proceeded for 2 hours maintaining this pH
(with temperature kept at 25 0C). The PSAAH solution
was concentrated to a quarter of its initial volume
and then diafiltered with 30 volumes of 0.2M NaCI
using a Filtron Omega membrane with a cut-off of
1OkDa, and the retentate was filtered. Prior to the
conjugation (carbodiimide condensation) reaction, the
purified TT solution and the PSAAH solution were
diluted to reach a concentration of 10 mg/ml for PSAAH
and 10mg/ml for TT. EDAC
(1-ethyl-3-(3-dimethyl-aminopropyl) carbodiimide) was
added to the PSAH solution (2g saccharide) in order to
reach a final ratio of 0.9 mg EDAC/mg PSAAH. The pH
was 



adjusted to 5.0. The purified tetanus toxoid was added
with a peristaltic pump (in 60 minutes) to reach 2 mg
TT/mg PSAAH. The resulting solution was left 60 min at
+25C under stirring to obtain a final coupling time of
120 min. The solution was neutralised by addition of
1M Tris-Hcl pH 7.5 (1/1 0 of the final volume) and
left 30 minutes at +25C then overnight at +2C to +8C.
The conjugate was clarified using a 10mm filter and
was purified using a Sephacryl S400HR column
(Pharmacia, Sweden). The column was equilibrated in 10
mM Tris-HCI (pH 7.0), 0.075 M NaCI and the conjugate
(approx. 66OmL) was loaded on the column (+2C to
+80C). The elution pool was selected as a function of
optical density at 280 nm. Collection started when
absorbance increased to 0.05. Harvest continued until
the Kd reached 0.30. The conjugate was filter
sterilised at +200C, then stored at +2C to +8C. The
resultant conjugate had a polysaccharide: protein
ratio of 1:2-1 :4 (w/w). In order to conjugate MenC
capsular polysaccharide to tetanus toxoid via a
spacer, the following method was used. The covalent
binding of the polysaccharide and the spacer (ADH) is
carried out by a coupling chemistry by which the
polysaccharide is activated under controlled
conditions by a cyanylating agent,
1-cyano-4-dimethylamino-pyridinium tetrafluoroborate
(CDAP). The spacer reacts with the cyanylated PS
through its hydrazino groups, to form a stable isourea
link between the spacer and the polysaccharide.A
20mg/ml solution of MenC (pH6.0) (3.5 g) was treated
with a freshly prepared 100mg/ml solution of CDAP in
acetonitrile/water (50/50 (v/v)) to obtain a CDAP/MenC
ratio of 1.5 (w/w). After 1.5 minutes, the pH was
raised to pH 10.0. At activation pH 5M NaCI was added
to achieve a final concentration of 2M NaCI. Three
minutes later, ADH was added to obtain an ADH/MenC
ratio of 8.9. The pH of the solution was decreased to
8.75 and the reaction proceeded for 2 hours (retained
at 25 0C). The PSCAH solution was concentrated to a
minimum of 150 ml. and then diafiltered with 30
volumes of 0.2M NaCI using a Filtron Omega membrane
with a cut-off of 1OkDa, and the retentate was
filtered. Prior to the conjugation reaction, the
purified TT solution and the PSCAH solution (2g scale)
were diluted in 0.2M NaCI to reach a concentration of
15 mg/ml for PSCAH and 20mg/ml for TT. The purified
tetanus toxoid was added to the PSCAH solution in
order to reach 2 mg TT/mg PSCAH. The pH was adjusted
to 5.0. EDAC (16.7 mg/ml in Tris 0.1 M pH 7.5) was
added with a peristaltic pump (in 10 minutes) to reach
a final ratio of 0.5 mg EDAC/mg PSCAH. The resulting
solution was left 110 min at +25C under stirring and
pH regulation to obtain a final coupling time of 120
min. The solution was then neutralized by addition of
1M Tris-Hcl pH 9.0 (1/10 of final volume) and left 30
minutes at +25C then overnight at +2C to +8C. The
conjugate was clarified using a 10mm filter and was
purified using a Sephacryl S400HR column (Pharmacia,
Sweden). The column was equilibrated in 10 mM Tris-HCI
(pH 7.0), 0.075 M NaCI and the conjugate (approx.
46OmL) was loaded on the column (+2C to +8C). The
elution pool was selected as a function of optical
density at 280 nm. Collection started when absorbance
increased to 0.05. Harvest continued until the Kd
reached 0.20. The conjugate was filter sterilised at
+200C, then stored at +2C to +8C. The resultant
conjugate had a polysaccharide:protein ratio of
1:2-1:4 (w/w). Example 2 - determination of molecular
weight using MALLS Detectors were coupled to a HPLC
size exclusion column from which the samples were
eluted. On one hand, the laser light scattering
detector measured the light intensities scattered at
16 angles by the macromolecular solution and on the
other hand, an interferometric refractometer placed
on-line allowed the determination of the quantity of
sample eluted. From these intensities, the size and
shape of the macromolecules in solution can be
determined. The mean molecular weight in weight (Mw)
is defined as the sum of the weights of all the
species multiplied by their respective molecular
weight and divided by the sum of weights of all the
species. a) Weight-average molecular weight: -Mwb)
Number-average molecular weight: -Mnc) Root mean
square radius: -Rw- and R2Wis the square radius
defined by: (-m,- is the mass of a scattering centre i
and -r,- is the distance between the scattering centre
i and the center of gravity of the macromolecule). d)
The polydispersity is defined as the ratio -Mw / Mn-.
Meningococcal polysaccharides were analysed by MALLS
by loading onto two HPLC columns (TSKG6000 and
5000PWxI) used in combination. 25ml of the
polysaccharide were loaded onto the column and was
eluted with 0.75ml of filtered water. The
polyaccharides are detected using a light scattering
detector ( Wyatt Dawn DSP equipped with a 1OmW argon
laser at 488nm) and an inferometric refractometer (
Wyatt Otilab DSP equipped with a P100 cell and a red
filter at 498nm). The molecular weight
polydispersities and recoveries of all samples were
calculated by the Debye method using a polynomial fit
order of 1 in the Astra 4.72 software. Example 3 -
clinical trial comparing immunisation with Meninqitec
or a larger sized MenCTT conjugate A phase Il , open,
controlled study was carried out to compareGSK
Biologicals meningococcal serogroup C conjugate
vaccine (MenC) with GSK Biological's Haemophilus
influenzae b-meningococcal serogroup C conjugate
vaccine (Hib-MenC) or Meningitec (r). Each dose of
Meningitec (r) contains 10mg of meningococcal
serogroup C oligosaccharide conjugated to 15mg of
CRM197 and is produced by Wyeth. The GSK MenC
conjugates contained native polysaccharides of about
20OkDa conjugated to tetanus toxoid (TT). The study
consisted of five groups, each planned to contain 100
subjects, allocated to two parallel arms as follws: In
this present study, all subjects in both arms received
one-fifth (1/5) of a dose of Mencevax(tm) ACWY and a
concomitant dose of Infanrix(tm) hexa at 12-15 months
of age(Study Month 0). Two blood samples were
collected from all subjects (Study Month 0 and Study
Month 1) . Arm 1 consisted of four groups from a
primary vaccination study who were primed at their age
of 3, 4 and 5 months with the following vaccines:
Group K: MenC (10 mg), non-adsorbed (non-ads), tetanus
toxoid (TT) conjugate and Infanrix(tm) hexa (MenC10-TT
+ Infanrix(tm) hexa)  Group L: Hib (10 mg)-MenC (10
mg), non-ads TT conjugate and Infanrix(tm) penta
(Hib10-MenC10-TT + Infanrix(tm) penta)  Group M: Hib
(5 mg)-MenC (5 mg), non-ads, TT conjugate and
Infanrix(tm) penta (Hib5-MenC5-TT + Infanrix(tm)
penta)  Group N: Meningitec(tm) and Infanrix(tm) hexa
(Meningitec(tm) + Infanrix(tm) hexa) The two
Hib-MenC-TT vaccine groups (Groups L and M) were kept
blinded in the booster study as to the exact
formulation of the candidate vaccine. Arm 2-(Group O)
consisted of age-matched subjects not previously
vaccinated with a meningococcal serogroup C vaccine
(naive) but who had received routine pediatric
vaccines according to the German Permanent Commission
on Immunization. Criteria for evaluation:
Immunogenicity. Determination of bactericidal antibody
titers against meningococcal C (SBA-MenC) by a
bactericidal test (cut-off: a dilution of 1:8) and
ELISA measurement of antibodies against meningococcal
serogroup C (assay cut-off : 0.3 mg/ml), the Hib
polysaccharide PRP (assay cut-off: 0.15 mg/ml) and
tetanus toxoid (assay cut-off: 0.1 IU/ml) in blood
samples obtained prior to vaccination and
approximately one month after vaccination in all
subjects. Statistical methods: Demographics:
Determination of mean age in months (with median,
range and standard deviation [SD]), and racial and
gender composition of the ATP and Total vaccinated
cohorts. Immunogenicity: Two analyses of
immunogenicity were performed based on the ATP cohort
for immunogenicity (for analyses of immune memory and
booster response) or the ATP cohort for safety (for
analysis of persistence). These included: Evaluation
of immune memory for MenC and booster response for Hib
and Tetanus (before and one month after administration
of 1/5 dose of the plain polysaccharide vaccine):
Determination of geometric mean titers and
concentrations (GMTs and GMCs) with 95% confidence
intervals (95% Cl)  Determination of the percentage of
subjects with antibody titer/concentration above the
proposed cutoffs with exact 95% Cl
(seropositivity/seroprotection rates)  Investigation
of antibody titers/concentration after vaccination
using reverse cumulative curves  Computation of
standardized asymptotic 95% Cl for the difference in
seropositivity/seroprotection rate  between the primed
group (Groups K, L, M and N) and the unprimed group
(Group O)  Determination of the geometric mean of
individual ratio of SBA-MenC titer over anti-PSC
concentration, with 95% Cl  Determination of the 95%
Cl for the post-vaccination GMT/C ratio between the
groups K, L, M and the control group N for anti-PRP
and anti-tetanus and between each primed group (Groups
K, L, M and N) and the unprimed group (Group O) for
SBA-MenC and anti-PSC using an ANOVA modelResults
Table 1. SBA-MenC titres and anti-PSC antibody
concentration after booster vaccination Group K:
subjects primed with MenC10-TT + Infanrix. hexa; Group
L: subjects primed with Hib10-MenC10-TT + Infanrix.
penta; Group M: subjects primed with Hib5-MenC5-TT +
Infanrix. penta; Group N: subjects primed with
Meningitec. + Infanrix. hexa; Group O: control
subjects (i.e. subjects not primed with MenCOC CODC
conjugate vaccine) N: number of subjects with
available results Higher titres of antibodies against
MenC and higher SBA titres were achieved by priming
with the larger sized MenC polysaccharide conjugate
vaccines (groups K, L and M) compared with the
Meningitec oligosaccharide conjugate vaccine. Table 2:
Geometric mean ratio for SBA MenC titre/anti-PSC
concentration In all four primed groups (Groups K, L,
M and N), the GMR increased significantly from pre to
post booster vaccination indicating the presence of
antibody maturation and functionality. GMR in the
Group M (primed with Hib5-MenC5-TT) was higher than in
the Group N (primed with Meningitec(tm)). Table 3:
Persistence at 12-15 months of age just prior to
administration of the booster vaccines Endpoints Group
N % Group N % Difference Value% SBAMenC K 79 88.6 N
80.2 N-K -8.4  1:8 L 84 93.3 N 80.2 N-L -3.1 M 85 87.1
N 80.2 N-M -6.8Group K: subjects primed with MenC10-TT
+ Infanrix(tm) hexa; Group L: subjects primed with
Hib10-MenC10-TT + Infanrix(tm) penta; Group M:
subjects primed with Hib5-MenC5- 



TT + Infanrix(tm) penta; Group N: subjects primed with
Meningitec(tm) + Infanrix(tm) hexa; N: number of
subjects with available results Higher SBA titres
against MenC were achieved by priming with the larger
size of MenC (groups K, L and M) compared to priming
with the MenC-oligosaccharide conjugate
Meningitec(tm). Immune memory (ATP cohort for
immunogenicity) Administration of 1/5 dose of the
plain polysaccharide ACWY vaccine elicited very high
SBA-MenC titer in all four primed groups with
98.7-100% and 97.5-100% of subjects primed with a
candidate vaccine regimen exhibiting titers 1:8 and >
1:128, respectively. In the group primed with the
Meningitec(tm) regimen, there was a trend for a lower
percentage of subjects with titers >1:128 (91 .8%). In
comparison, 17.6% of unprimed subjects had SBA MenC
titers > 1:8 and >1:128. Example 4 Phase Il clinical
trial on HibMenAC -TT conjugate vaccine mixed with
DTPw- HepB Study design: Open, randomized (
1:1:1:1:1), single centre study with five groups. The
five groups received the following vaccination regimen
respectively, at 6, 10 and 14 weeks of age.
Tritanrix(tm)-HepB/Hib-MenAC 2.5/2.5/2.5: henceforth
referred to as 2.5/2.5/2.5
Tritanrix(tm)-HepB/Hib-MenAC 2.5/5/5: henceforth
referred to as 2.5/5/5  Tritanrix(tm)-HepB/Hib-MenAC
5/5/5: henceforth referred to as 5/5/5
Tritanrix(tm)-HepB + Hiberix(tm): henceforth referred
to as Hiberix  Tritanrix.-HepB/Hiberix(tm) +
Meningitec(tm): henceforth referred to as Meningitec
Blood samples were taken at the time of the first
vaccine dose (Pre) and one month after the third
vaccine dose (Post-dose 3). Tritanrix is a DTPw
vaccine marketted by GlaxoSmithKline Biologicals S.A.
105 subjects were used in each of the five groups
giving a total of 525 subjects in the study. Table 4
Content of GSK vaccine formu lations * The 2.5/2.5/2.5
vaccine was a dose dilution of GSK Biologicals'
Hib-MenAC 5/5/5 vaccine containing 2.5mg of each of
PRP-TT, MenA-TT and MenC-TT. The Hib-MenAC vaccine
formulations were mixed extemporaneously with
Tritanirix-HepB. GSK Biologicals' combined
diphtheria-tetanus-whole cell Bordetella pertussis -
hepatitis B (DTPw-HB) vaccine (Tritanrix-HepB)
contains not less than 30 International Units (IU) of
diphtheria toxoid, not less than 60 IU of tetanus
toxoid, not less than 4IU of killed Bordetella
pertussis and 10mg of recombinant hepatitis B surface
antigen. Reference therapy, dose, mode of
administration, lot No.: Vaccination schedule/site:
One group received Tritanrix.-HepB vaccine
intramuscularly in the left thigh and Hiberix.
intramuscularly in the right thigh at 6, 10 and 14
weeks of age. Another group received
Tritanrix.-HepB/Hiberix. vaccine intramuscularly in
the left thigh and Meningitec. vaccine intramuscularly
in the right thigh at 6, 10 and 14 weeks of
age.Vaccine/composition/dose/lot number: The
Tritanrix.-HepB vaccine used was as described above.
One dose (0.5 ml) of GSK Biologicals' Haemophilus
influenzae type b conjugate vaccine: Hiberix(tm)
contained 10 mg of PRP conjugated to tetanus toxoid.
In the Hiberix(tm) Group, it was mixed with sterile
diluent and in the Meningitec(tm) Group it was mixed
with Tritanrix(tm)-HepB. One dose (0.5 ml) of Wyeth
Lederle's MENINGITEC(tm) vaccine contained: 10 mg of
capsular oligosaccharide of meningococcal group C
conjugated to 15 mg of Corynebacterium diphtheria
CRM197 protein and aluminium as salts. Results -
immune responses generated against Hib, MenA and MenC
Table 5a Anti - PRP (ug/ml Group 2.5/2.5/2.5 2.5/5/5
5/5/5 Hiberix(tm) Meningitec(tm) % 95%CL % 95%CL %
95%CL % 95%CL % 95%CL GMC/T LL UL GMC/T LL UL GMC/T LL
UL GMC/T LL UL GMC/T LL UL . %>0.15 100 96.5 100 100
96.5 100 99.0 94.8 100 100 96.5 100 100 96.5 100 10.94
8.62 13.88 GMC 20.80 15.96 27.10 22.62 17.72 28.88
19.36 15.33 24.46 38.55 29.93 49.64 Table 5b SBA -MenC
Group 2.5/2.5/2.5 2.5/5/5 5/5/5 Hiberix(tm)
Meningitec(tm) % 95%CL % 95%CL % 95%CL % 95%CL % 95%CL
GMC/T LL UL GMC/T LL UL GMC/T LL UL GMC/T LL UL GMC/T
LL UL %>1 :8 100 96.5 100 99 94.7 100 100 96.5 100 100
96.5 100 2.9 0.6 8.4 4501 3904 5180 GMT 3132 2497 3930
4206 3409 5189 3697 3 118 4384 4.7 3.9 5.6 Table 5c
SBA MenA Group 2.5/2.5/2.5 2.5/5/5 5/5/5 Hiberix(tm)
Meningitec(tm) % 95%CL % 95%CL % 95%CL % 95%CL % 95%CL
GMC/T LL UL GMC/T LL UL GMC/T LL UL GMC/T LL UL GMC/T
LL UL % 1:8 9.1 4.0 17.1 99.7 9 1.9 99.7 100 95.8 100
100 96.2 100 6.8 2.5 14.3 GMT 5.6 4.4 7.2 316.7 251 .4
398.9 418.5 358.6 488.5 363 310.5 424.4 5.6 4.3 7.4
Table 5d Anti-PSC (ug/ml) Group 2.5/2.5/2.5 2.5/5/5
5/5/5 Hiberix(tm) Meningitec(tm) % 95%CL % 95%CL %
95%CL % 95%CL % 95%CL GMC/T LL ULGMC/T LL UL GMC/T LL
UL GMC/T LL UL GMC/T LL UL %>0.3 100 96.5 100 100 96.5
100 100 96.4 100 100 96.5 100 8.2 3.6 15.6 58.02 5
1.42 65.46 GMC 49.03 43.24 55.59 7 1.1 1 62.49 80.92 6
1.62 54.88 69.20 0.17 0.15 0.19 Table 5e Anti - PSA
(ua/ml ) Group 2.5/2.5/2.5 2.5/5/5 5/5/5 Hiberix(tm)
Meningitec(tm) % 95%CL % 95%CL % 95%CL % 95%CL % 95%CL
GMC/T LL UL GMC/T LL UL GMC/T LL UL GMC/T LL UL GMC/l
" LL UL %>0.3 5.9 2.2 12.5 100 96.4 100 100 96.5 100
99.0 94.8 100 1.0 0.0 5.4 0.1 7 0.15 0.18 GMC 18.10
15.34 2 1.35 26.51 22.93 30.79 23.40 20.05 27.30 0.1 5
0.15 0.15 Conclusion A comparison of the
immunogenicity results achieved using the
oligosaccharide MenCCRM197 conjugate vaccine and the
three GSK formulations which contain polysacharide
MenA-TT and MenC -TT conjugates showed that the
polysaccharide Men conjugates were able to elicit a
good immunogenic response similar to that achieved
using the oligosaccharide conjugate vaccine
Meningitec. All formulations tested gave a response to
MenC in 100% of patients. Example 5 - Phase Il
clinical trial administering Hib MenCY concomitantly
with Infanrix penta according to a 2, 3 and 4 month
schedule Study design: A Phase II, open (partially
double-blind * ) randomized controlled multicenter
study with 5 groups receiving a three-dose primary
schedule with vaccines as follows: Group Hib-MenCY
2.5/5/5: Hib-MenCY (2.5/5/5 ) + Infanrix(tm) penta
Group Hib-MenCY 5/10/10: Hib-MenCY (5/10/10) +
Infanrix(tm) penta Group Hib-MenCY 5/5/5: Hib-MenCY
(5/5/5) + Infanrix(tm) penta Group Hib-MenC: Hib-MenC
(5/5) + Infanrix(tm) penta Group Menjugate:
Menjugate(tm) * * + Infanrix(tm) hexa (control).
*Hib-MenCY 2.5/5/5, Hib-MenCY 5/10/10 and Hib-MenC
were administered in a doubleblind manner while the
Hib-MenCY 5/5/5 group and the Menjugate group were
open. The 2.5/5/5, 5/10/10 and 5/5/5 formulations of
Hib-MenCY contain MenC native polysaccharides and MenY
polysaccharides which are microfluidized. *
*Menjugate(tm) contains 10mg of MenC oligosaccharides
conjugated to 12.5-25mg of CRM197 per dose and is
produced by Chiron.Vaccination at +/- 2, 3, 4 months
of age (Study Month 0, Month 1 and Month 2), and blood
samples (3.5ml) from all subjects prior to and one
month post primary vaccination (Study Month 0 and
Month 3). Study vaccine, dose, mode of administration,
lot number: Three doses injected intramuscularly at
one month intervals, at approximately 2, 3 and 4
months of age as follows: Table 6: Vaccines
administered (study and control), group, schedule/site
and dose Immunogenicity: Measurement of antibody
titres/concentrations against each vaccine antigen:
Prior to the first dose (Month 0) and approximately
one month after the third dose (Month 3) in all
subjects for: SBA-MenC and SBA-MenY, anti-PSC and
anti-PSY, anti-PRP, anti- T, anti-FHA, anti-PRN and
anti-PT. Using serum bactericidal activity against N.
meningitidis serogroups C and Y (SBA-MenC and SBA-MenY
cut-off: 1:8 and 1:128); ELISA assays with cut-offs:
0.3 mg/ml and 2mg/ml for anti- N. meningitidis
serogroups C and Y polysaccharides (anti-PSC IgG and
anti-PSY IgG); 0.15 mg/ml and > 1.0mg/ml for Hib
polysaccharide polyribosil-ribitol-phosphate (anti-PRP
IgG); 5EL.U/ml for anti-FHA, anti-PRN, anti-PT; >0.1
IU/ml anti-tetanus toxoid (anti-TT). Only at one month
after the third dose (Month 3) in all subjects for:
anti-D, anti-HBs and anti-polio 1, 2 and 3. Using
ELISA assays with cut-offs: 0.1 IU/ml for
anti-diphtheria (anti-D); >10 mlU/ml forantihepatitis
B (anti-HBs); and microneutralization test cut-off:
1:8 for anti-polio type 1, 2 and 3 (anti-polio 1, 2
and 3). Statistical methods: The
seroprotection/seropositivity rates and geometric mean
concentrations/titres (GMCs/GMTs) with 95% confidence
intervals (95% Cl) were computed per group, for
SBA-MenC, anti-PSC, SBA-MenY, anti-PSY, anti-PRP,
anti-Tetanus, anti-PT, anti-FHA and anti-PRN prior to
and one month after vaccination; for anti-Diphtheria,
anti-HBs, anti- Polio 1, anti-Polio 2 and anti-Polio 3
one month after vaccination. Vaccine response
(appearance of antibodies in subjects initially
seronegative or at least maintenance of antibody
concentrations in subjects initially seropositive)
with 95% Cl for anti-PT, anti- PRN and anti-FHA were
also computed one month after vaccination. Reverse
cumulative curves for each antibody at Month 3 are
also presented. The differences between the Hib- MenCY
and the Hib- MenC groups, compared with the
Menjugate(tm) control group were evaluated in an
exploratory manner for each antibody, except for
SBA-MenY and anti- PSY, in terms of (1) the difference
between the Menjugate(tm) group (minus) the Hib- MenCY
and Hib-MenC groups for the percentage of subjects
above the specified cut-offs or with a vaccine
response with their standardized asymptotic 95% Cl,
(2) the GMC or GMT ratios of the Menjugate(tm) group
over the Hib-MenCY and Hib-MenC groups with their 95%
Cl. The same comparisons were done to evaluate the
difference between each pair of Hib-MenCY formulations
for anti-PRP, SBA-MenC, anti-PSC, SBA-MenY, anti-PSY
and anti-TT antibodies. The overall incidences of
local and general solicited symptoms were computed by
group according to the type of symptom, their
intensity and relationship to vaccination (as
percentages of subjects reporting general, local, and
any solicited symptoms within the 8 



days following vaccination and their exact 95% Cl).
Incidences of unsolicited symptoms were computed per
group. For Grade 3 symptoms, onset 48 hours, medical
attention, duration, relationship to vaccination and
outcomes were provided. Serious Adverse Events were
fully described. Seroprotection/seropositivity rates
&GMC/Ts (ATP cohort for immunogenicity) Table 7a Anti
- PRP ( a/ml) Group N %> 0.15 LL UL > 1 LL UL GMC LL
UL 9.01 7.25 11.21 Hib MenCY 2.5/5/5 67 100.0 94.6
100.0 98.5 92.0 100.09.49 7.72 11.65 Hib MenCY 5/10/10
67 100.0 94.6 100.0 98.5 92.0 100.0 8.08 6.53 9.98 Hib
MenCY 5/5/5 70 100.0 94.9 100.0 98.6 92.3 100.0 10.44
8.49 12.83 Hib MenC 74 100.0 95.1 100.0 98.6 92.7
100.0 2.60 1.97 3.43 Menjugate(tm) 7 1 100.0 94.9
100.0 80.3 69.1 88.8 Table 7b SBA -MenC (Titre ) Group
N %> 1:8 LL UL >1:128 LL UL GMT LL UL 1005.8 773.5
1308.0 Hib MenCY 2.5/5/5 70 100.0 94.9 100.0 95.7 88.0
99.1 1029.8 799.7 1326.0 Hib MenCY 5/10/10 67 100.0
94.6 100.0 94.0 85.4 98.3 906.9 691 .3 1189.8 Hib
MenCY 5/5/5 7 1 100.0 94.9 100.0 94.4 86.2 98.4 871 .0
677.3 1120.0 Hib MenC 74 100.0 95.1 100.0 95.9 88.6
99.2 3557.6 2978.8 4248.8 Menjugate(tm) 7 1 100.0 94.9
100.0 100.0 94.9 100.0 Table 7c Anti-PSC (nq/ml )
Group N %> 0.3 LL UL >2 LL UL GMC LL UL 2 1.70 18.36
25.65 Hib MenCY 2.5/5/5 69 100.0 94.8 100.0 100.0 94.8
100.0 27.26 23.26 3 1.95 Hib MenCY 5/10/10 66 100.0
94.6 100.0 100.0 94.6 100.0 19.02 16.49 2 1.93 Hib
MenCY 5/5/5 70 100.0 94.9 100.0 100.0 94.9 100.0 21.08
18.24 24.35 Hib MenC 74 100.0 95.1 100.0 100.0 95.1
100.0 38.49 33.64 44.05 Menjugate(tm) 7 1 100.0 94.9
100.0 100.0 94.9 100.0 Table 7d SBA-MenY (Titre) Group
N %> 1:8 LL UL >1:128 LL UL GMT LL UL 470.7 351 .1 631
.2 Hib MenCY 2.5/5/5 69 97.1 89.9 99.6 92.8 83.9 97.6
437.1 322.0 593.4.8 Hib MenCY 5/10/10 66 97.0 89.5
99.6 86.4 75.7 93.6 635.3 501.5 804.8 Hib MenCY 5/5/5
7 1 98.6 92.4 100.0 95.8 88.1 99.1 9.3 6.3 13.7 Hib
MenC 74 2 1.6 12.9 32.7 13.5 6.7 23.5 7.5 5.4 10.4
Menjugate(tm) 7 1 19.7 11.2 30.9 9.9 4.1 19.3 Table 7e
Anti - PSY fug/ml ) Group N %> 0.3 LL UL >2 LL UL GMC
LL UL 26.86 22.86 3 1.56 Hib MenCY 2.5/5/5 69 100.0
94.8 100.0 100.0 94.8 100.0 37.02 31.84 43.04 Hib
MenCY 5/10/10 66 100.0 94.6 100.0 100.0 94.6 100.0
23.57 19.94 27.86 Hib MenCY 5/5/5 70 100.0 94.9 100.0
100.0 94.9 100.00.19 0.15 0.25 Hib MenC 74 8.1 3.0
16.8 4.1 0.8 11.4 0.17 0.15 0.19 Menjugate(tm) 7 1 5.6
1.6 13.8 1.4 0.0 7.6 Table 7f Anti-tetanus (lU/ml )
Group N %> 0.1 LL UL GMC LL UL Hib MenCY 2.5/5/5 68
100.0 94.7 100.0 3.06 2.63 3.55 Hib MenCY 5/10/10 67
100.0 94.6 100.0 3.25 2.88 3.68 Hib MenCY 5/5/5 70
100.0 94.9 100.0 2.97 2.59 3.41 Hib MenC 74 100.0 95.1
100.0 3.1 5 2.73 3.64 Menjugate(tm) 7 1 100.0 94.9
100.0 1.66 1.39 1.97 Group Hib-MenCY 2.5/5/5:
Hib-MenCY (2.5/5/5) + Infanrix(tm) penta Group
Hib-MenCY 5/10/10: Hib-MenCY (5/10/10) + Infanrix (tm)
penta Group Hib-MenCY 5/5/5: Hib-MenCY (5/5/5)
+lnfanrix(tm) penta Group Hib-MenC: Hib-Men (5/5)+
Infanrix(tm) hexa Group Menjugate: Menjugate(tm) +
Infanrix(tm) penta N = number of subjects with
available results.% = percentage of subjects with
concentration/titre within the specified range GMC/T:
geometric mean concentration/titre 95% Cl = 95%
confidence interval; LL = Lower Limit; UL = Upper
Limit Conclusion The MenC and Y polysaccharide
conjugates produced a good immune response in all
subjects with 100% of subjects producing above 0.3
mg/ml responses against MenC and MenY. Example 6 -
Phase Il clinical trial comparing three formulations
of MenACWY-TT with Meninqitec MenC-CRM197
oliqosaccharide-coniuqate vaccine. This example
reports a phase II, open (partially-blind),
randomized, controlled dose-range study to evaluate
the lmmunogenicity of three different formulations of
GlaxoSmithKline Biological's meningococcal serogroups
A, C, W-135, Y tetanus toxoid conjugate (MenACWY-TT)
vaccine in comparison to a MenC oligosaccharide-CRM197
conjugate vaccine (Meningitec(tm)) when given as one
dose to children aged 12-14 months. The clinical trial
was an open (partially double-blind * ), controlled,
multicentric study in which eligible subjects of 12-14
months were randomized (1:1 :1 :1) to one of four
parallel groups of 50 subjects to receive a single
primary dose at Visit 1 as follows: Form 1T:
MenACWY-TT at a dose of 2.5mg of MenA polysaccharide
conjugated to tetanus toxoid (TT), 2.5mg of MenC
polysaccharide conjugated to TT, 2.5mg of MenW
polysaccharide conjugated to TT and 2.5mg of MenY
polysaccharide conjugated to TT.Form 2T: MenACWY-TT at
a dose of 5mg of MenA polysaccharide conjugated to TT,
5mg of MenC polysaccharide conjugated to TT, 5mg of
MenW polysaccharide conjugated to TT and 5mg of MenY
polysaccharide conjugated to TT. Form 3T: MenACWY-TT
at a dose of 2.5mg of MenA polysaccharide conjugated
to TT, 10mg of MenC polysaccharide conjugated to TT1
2.5mg of MenW polysaccharide conjugated to TT and
2.5mg of MenY polysaccharide conjugated to TT. Ctrl T:
10mg MenC oligosaccharide conjugated to 12.5-25mg
CRM197 (Meningitec). *The three different MenACWY-TT
formulations were administered in a double-blind
manner. Vaccination schedule/site: A single vaccine
dose was administered intramuscularly in the left
deltoid at Visit 1 (Study Month 0) according to
randomized assignment. All candidate vaccines were
supplied as a lyophilized pellet in a monodose vial
(0.5 ml after reconstitution with the supplied saline
diluent). Immunogenicity. Measurement of
titers/concentrations of antibodies against
meningococcal vaccine antigen components in blood
samples obtained prior to the study vaccine dose
(Month 0) and approximately one month after the study
vaccine dose (Month 1) in all subjects. Determination
of bactericidal antibody titers against N.
meningitidis serogroups A, C, W-135 and Y (SBA-MenA,
SBA-MenC, SBA-MenW and SBA-MenY) by a bactericidal
test (assay cut-offs: a dilution of 1:8 and 1:128) and
ELISA measurement of antibodies against N.
meningitidis serogroups A1 C, W-135 and Y (anti- PSA,
anti-PSC, anti-PSW and anti-PSY, assay cut-offs
>0.3mg/ml and >2mg/ml), and tetanus toxoid
(anti-tetanus, assay cut-off 0.1 IU/ml). Results
Antibody response in terms of the percentage of
SBA-MenA, SBA-MenC, SBA-MenW and SBA-MenY responders
one month after vaccination (the primary endpoint) is
shown in Table 8. A response is defined as greater
than or equal to a 4-fold increase for seropositive
subjects or seroconversion for seronegative subjects
before vaccination. Table 8: Vaccine responses for SBA
antibody one month after vaccinationTable 9 shows the
numbers of subjects achieving SBA titres over cutoff
points of 1:8 and 1:128 as well as GMTs. Table 9:
Seropositivity rates and GMTs for SBA antibodies one
month after vaccination Vaccination with all three
formulations of the ACWY-TT polysaccharide conjugate
led to good SBA responses against MenA, MenC, MenW and
MenY with 95-100% of subjects with titres greater than
1:8. In particular, the 5/5/5/5 and 2.5/10/2.5/2.5
formulations of the polysaccharide conjugates produced
a higher response against MenC than the
oligosaccharide Meningitic(tm) vaccine as seen by a
higher proportion of subjects having a titre greater
than 1:128 and the GMT readings.Table 10
Seropositivitv rates and GMCs for anti polysaccharide
antibodies one month after vaccination All three
formulations of the ACWY-TT polysaccharide conjugate
vaccine produced good immune responses against MenA,
MenC, MenW and MenY with between 93% and 100% of
subjects achieving titres grater than 0.3mg/ml. Higher
GMC readings were achieved using the 5/5/5/5 and
2/5/10/2.5/2.5 formulations of the ACWY-TT
polysaccharide conjugate vaccine in comparison with
Meningitec(tm). Example 7 - comparison of
immunoqenicity of native and sized MenY polysaccharide
conjugates Mice (female DBA/2 of 6-8 wk) received two
injections, 2 weeks apart, of PSY-TT by the
subcutaneous route. Blood samples were taken 14 days
after the second injection in order to perform
anti-PSY ELISA and SBA using S1975 menY strain. Per
injection, mice received 1 mg of PSY-TT( lyo non-ads
formulation). The conjugates described in table 11
were used . Table 11 I Conjugates ENYTT012 ENYTT014
ENYTT015 bis |Results The results (Figure 1) show a
trend towards higher immunogenicity for conjugates
prepared using sized PSY. Figure 1A shows the GMC
results obtained in an ELISA for antisera raised
against conjugates prepared from native MenY
(ENYTT012), microfluidised MenY - 40 cycles (ENYTT014)
and microfluidised MenY - 20 cycles 



(ENYTT015 bis). Higher GMCs were obtained where the
MenY-TT was prepared from microfluidised MenY. Similar
results were obtained when the antisera were assessed
by SBA assay (Figure 1B). Again the higher GMT values
were achieved using conjugates prepared from
microfluidised MenY. Example 8 - Clinical trial
assessing the effect of a linker in MenA in a MenACWY
conjugate vaccine A single dose of different
formulations of MenACWY vaccine was administered to
teenagers of 15-19 years in 5 groups of 25 subjects in
a 1:1:1:1 :1 randomised trial. The formulations tested
were: F 1 - MenACWY conjugated to tetanus toxoid with
the MenA conjugate containing an AH spacer - 5/5/5/5mg
F2 - MenACWY conjugated to tetanus toxoid with the
MenA conjugate containing an AH spacer - 2.5/5/2.5/2.5
mg F3 - MenACWY conjugated to tetanus toxoid with the
MenA conjugate containing an AH spacer - 5/5/2.5/2.5
mg F4 - MenACWY conjugated to tetansus toxoid with no
spacer in any conjugate - 5/5/5/5mg Control group -
Mencevax(tm) ACWY On day 30 after inoculation, a blood
sample was taken from the patients. The blood samples
were used to asess the percentage of SBA-MenA,
SBA-MenC, SBAMenW135 and SBA-MenY responders one month
after the vaccine dose. A vaccine response was defined
as 1) for initially seronegative subjects - a
post-vaccination antibody titre > 1/32 at 1 month or
2) for initially seropositive subjects - antibody
titre of > 4 fold the pre-vaccination antibody titre.
ResultsAs shown in Table 13, the use of a spacer in
the MenA conjugate led to an increased immune response
against MenA. The percentage of responders rose from
66% to 90- 95% when the AH spacer was added. This was
reflected in an increase in SBA GMT from 4335 to 10000
and an increase in GMC from 5 to 20-40. Surprisingly,
the use of a AH spacer also led to an increased immune
response against MenC as seen by an increase in the
percentage of responders and an increase in the SBA
GMT. An increase could also be seen in the SBA-GMT
against MenY (6742-7122) and against MenW (4621-5418)
when a spacer was introduced. Table 12Example 9 -
Clinical trial assessing the effect of a linker in
MenA and MenC conjugates in a MenACWY conjugate
vaccine A single dose of different formulations of
MenACWY vaccine was administered to teenagers of 15-19
years in 5 groups of 25 subjects in a 1:1 :1:1 :1
randomised trial. The formulations tested were: F 1 -
MenACWY conjugated to tetanus toxoid with the MenA and
MenC conjugates containing an AH spacer - 2.5/2. 5/2.
5/2.5mg F2 - MenACWY conjugated to tetanus toxoid with
the MenA and MenC conjugates containing an AH spacer-
5/5/2. 5/2.5mg F3 - MenACWY conjugated to tetanus
toxoid with the MenA and MenC conjugates containing an
AH spacer - 5/5/5/5mg F4 - MenACWY conjugated to
tetansus toxoid with the MenA conjugate containing an
AH spacer- 5/5/5/5mg Control group - Mencevax(tm) ACWY
On day 30 after inoculation, a blood sample was taken
from the patients. The blood samples were used to
asess the percentage of SBA-MenA, SBA-MenC, SBAMenW135
and SBA-MenY responders one month after the vaccine
dose. A vaccine response was defined as 1) for
initially seronegative subjects - a post-vaccination
antibody titre > 1/32 at 1 month or 2) for initially
seropositive subjects - antibody titre of > 4 fold the
pre-vaccination antibody titre. Results The
introduction of an AH spacer into the MenC conjugate
led to an increase in the immune response against MenC
as shown in Table 14. This is demonstrated by an
increase in SBA GMT from 1943 to 4329 and an increase
in anti-PSC GMC from 7.65 to 13.13. Good immune
responses against MenA, MenW and MenY were maintained.
Table 13Process for manufacturing vaccines The present
invention relates to improved methods of conducting
carbodiimide condensation reactions. In particular, it
relates to the conjugation of saccharides and proteins
using carbodiimide condensation. It also relates to
immunogenic compositions that may be made comprising
the saccharide-protein conjugates of the invention.
The use of bacterial capsular polysaccharides has been
widely used in immunology for many years for the
prevention of bacterial disease. A problem with such a
use, however, is the T-independent nature of the
immune response. These antigens are thus poorly
immunogenic in young children. This problem has been
overcome through conjugating the polysaccharide
antigens to a protein carrier (a source of T-helper
epitopes) which may then by used to elicit a
T-dependent immune response, even in the first year of
life. Various conjugation techniques are known in the
art. Conjugates can be prepared by direct reductive
amination methods as described in US 4365170
(Jennings) and US 4673574 (Anderson). Other methods
are described in EP-0-161-188, EP-208375 and
EP-0-477508. The conjugation method may alternatively
rely on activation of hydroxyl groups of the
saccharide with 1-cyano-4-dimethylamino pyridinium
tetrafluoroborate (CDAP) to form a cyanate ester. The
activated saccharide may thus be coupled directly or
via a spacer (linker) group to an amino group on the
carrier protein. For example, the cyanate ester can be
coupled with hexane diamine or adipic acid dihydrazide
(ADH or AH) and the amino-derivatised saccharide is
conjugated to the carrier protein using using
carbodiimide (e.g. EDAC or EDC) chemistry via a
carboxyl group on the protein carrier. Such conjugates
are described in PCT published application WO 93/15760
Uniformed Services University and WO 95/08348 and WO
96/29094. See also Chu C. et al Infect. Immunity, 1983
245 256. In general the following types of chemical
groups on a protein carrier can be used for coupling /
conjugation: A) Carboxyl (for instance via aspartic
acid or glutamic acid) which may be conjugated to
natural or derivatised amino groups on saccharide
moieties using carbodiimide chemistry; B) Amino group
(for instance via lysine) which may be conjugated to
natural or derivatised carboxyl groups on saccharide
moieties using carbodiimide chemistry; C) Sulphydryl
(for instance via cysteine); D) Hydroxyl group (for
instance via tyrosine);E) Imidazolyl group (for
instance via histidine); F) Guanidyl group (for
instance via arginine); and G) lndolyl group (for
instance via tryptophan). On a saccharide, in general
the following groups can be used for a coupling: OH,
COOH or NH2. Aldehyde groups can be generated after
different treatments known in the art such as:
periodate, acid hydrolysis, hydrogen peroxide, etc.
Direct coupling approaches: Saccharide-OH + CNBr or
CDAP > cyanate ester + NH2-Prot - > conjugate
Saccharide-aldehyde + NH2-Prot - > Schiff base +
NaCNBH3 - > conjugate Saccharide-COOH + NH2-Prot +
EDAC - > conjugate Saccharide-NH2 + COOH-Prot + EDAC -
> conjugate Indirect coupling via spacer (linker)
approaches: Saccharide-OH + CNBr or CDAP -> cyanate
ester + NH2- NH2 - > saccharide- NH2 + COOH-Prot +
EDAC - > conjugate Saccharide-OH + CNBr or CDAP - >
cyanate ester + NH2 SH > saccharide- SH + SH-Prot
(native Protein with an exposed cysteine or obtained
after modification of amino groups of the protein by
SPDP for instance) > saccharide-S-S-Prot Saccharide-OH
+ CNBr or CDAP -> cyanate ester + NH2- SH >
saccharide- SH + maleimide-Prot (modification of amino
groups) - > conjugate Saccharide-COOH + EDAC + NH2 NH2
-> saccharide NH2 + EDAC + COOHProt - > conjugate
Saccharide-COOH + EDAC+ NH2- SH > saccharide- SH +
SH-Prot (native Protein with an exposed cysteine or
obtained after modification of amino groups of the
protein by SPDP for instance) > saccharide-S-S-Prot
Saccharide-COOH + EDAC+ NH2- SH > saccharide- SH +
maleimide-Prot (modification of amino groups) - >
conjugateSaccharide-Aldehyde + NH2 NH2 - > saccharide-
NH2 + EDAC + COOH-Prot - > conjugate As can be
observed carbodiimide chemistry (e.g. using EDAC) is
very convenient for conjugation reactions as it makes
use of groups on the saccharide and/or protein which
may be naturally present or easily inserted by
derivatisation. It also conveniently links moieties
through a peptide bond. Carbodiimides (RN=C=NR 1) are
unsaturated compounds with an allene structure
(Nakajima and lkada 1995 Bioconjugate Chem. 6 :123-1
30; Hoare and Koshland 1967 JBC 242:2447-2453). The
chemical is relatively unstable at its reaction pH
(4.5-6.5), and therefore all components of the
saccharide/protein/carbodiimide conjugation reaction
tend to be added together in the art. The present
inventors have found that depending on the nature of
the saccharide and protein to be conjugated, better
characteristics of the final conjugate for vaccine use
may be achieved by adding a certain component of the
reaction slowly to the mix. In so doing one or more
benefits/improvements may be realised such as:
saccharide yield in the conjugate, sterile
filterability of the conjugate, better control of the
conjugation, easier reproducibility, and/or prevention
of intra-moiety cross-links. Accordingly, in one
embodiment there is provided a method of conjugating a
saccharide to a protein carrier using carbodiimide
condensation chemistry, wherein the saccharide
comprises (for instance as part of its repeating
unit), or has been derivatised to comprise, amino
and/or carboxyl groups, and wherein the protein
carrier comprises, or has been derivatised to
comprise, amino and/or carboxyl groups, comprising the
steps of: I) - if the protein carrier comprises both
amino and carboxyl groups and the saccharide comprises
either amino or carboxyl groups: a) mixing the
saccharide and aliquot of carbodiimide required to
perform the conjugation, and b) adding the aliquot of
protein carrier required over a period of 35 seconds
to 6 hours; II) - if the saccharide comprises both
amino and carboxyl groups and the protein carrier
comprises either amino or carboxyl groups: a) mixing
the protein carrier and aliquot of carbodiimide
required to perform the conjugation, andb) adding the
aliquot of saccharide required over a period of 35
seconds to 6 hours; III) - if the saccharide comprises
both amino and carboxyl groups and the protein carrier
comprises both amino and carboxyl groups: a) mixing
the protein carrier and saccharide, and b) adding the
aliquot of carbodiimide required to perform the
conjugation 



over a period of 35 seconds to 6 hours. Detailed
description Any suitable carbodiimide may be used as
long as it is capable of conjugating saccharides and
proteins in an aqueous medium. In one embodiment the
carbodiimide may be EDAC
(1-ethyl-3-(3-dimethyl-aminopropyl) carbodiimide)
[also known as EDC] or it may be a carbodiimide other
than EDAC. The term "saccharide" throughout this
specification may indicate polysaccharide or
oligosaccharide and includes both. It may indicate
lipopolysaccharide (LPS) or lipooliogosaccharide
(LOS). Before use Polysaccharides (such as bacterial
polysaccharides) may be isolated from a source strain
(e.g. of bacteria) or isolated from the source strain
and sized to some degree by known methods (see for
example EP497524 and EP497525; Shousun Chen Szu et al.
- Carbohydrate Research VoI 152 p7-20 (1986)) for
instance by microfluidisation. Polysaccharides can be
sized in order to reduce viscosity in polysaccharide
samples and/or to improve filterability for conjugated
products. Oligosaccharides have a low number of repeat
units (typically 5-30 repeat units) and are typically
hydrolysed polysaccharides. The term "protein carrier"
is intended to cover both small peptides and large
polypeptides (>10 kDa). Clearly large polypeptides are
more likely to contain both reactive amino and
carboxyl groups without any modification. For the
purposes of the invention, "native polysaccharide"
refers to a saccharide that has not been subjected to
a process, the purpose of which is to reduce the size
of the saccharide. A polysaccharide can become
slightly reduced in size during normal purification
procedures. Such a saccharide is still native. Only if
the polysaccharide has been subjected to sizing
techniques would the polysaccharide not be considered
native.For the purposes of the invention, "sized by a
factor up to x2" means that the saccharide is subject
to a process intended to reduce the size of the
saccharide but to retain a size more than half the
size of the native polysaccharide. X3, x4 etc. are to
be interpreted in the same way i.e. the saccharide is
subject to a process intended to reduce the size of
the polysaccharide but to retain a size more than a
third, a quarter etc. the size of the native
polysaccharide. The 35 second to 6 hour time period in
step b) of the method for the addition of the full
aliquot of the final component can be 50 seconds to 5
hours, 1 minute to 4 hours, 2 minutes to 3 hours, 3
minutes to 2 hours, 4 to 60 minutes, 5 to 50 minutes,
6 to 40 minutes, 7 to 30 minutes or 8 to 20 minutes.
It may be 1 minute to 5 hours, 10 minutes to 4 hours,
20 minutes to 3 hours, 30 minutes to 2 hours, 40 to 90
minutes, or 50 to 70 minutes. This time can be
adjusted according to the precise saccharide and
protein being conjugated. In one embodiment the
aliquot of the final component (e.g. of carbodiimide,
saccharide or protein) is added to the reaction
mixture at a constant rate during the time period
(this is conveniently achieved using a pump operating
at a constant rate). Alternatively it may be added in
stages over the time period. Although this may be done
in many ways, in general parts of the aliquot should
be added throughout the period. For instance at least
one quarter of the aliquot may be added over the first
half of the period, and at least one quarter of the
aliquot over the second half of the period. The total
amount of the aliquot 'a' measured, for instance, in
ml_ or mg may be added in 4-100 stages ('s')
throughout the period. In one embodiment the stages
are arranged such that an even amount (a/s) is
introduced at all the stages. In one embodiment the
stages are evenly spaced throughout the period 'p' (in
seconds). Thus if one stage takes place at time zero
of the period 'p , then each subsequent stage could
take place at a time which is p/(s-1). The volume of
the aliquot of the final component added in step b)
may be adjusted in terms of ease of addition of the
aliquot to the reaction within the desired time
period. The carbodiimide may be added as an aqueous
solution (typically buffered at pH 7.5 before being
added to the reaction) or as solid powder (EDAC for
instance is highly soluble in aqueous media). Of
course if the carbodiimide is the last component added
to the reaction (situation III step b)), a slow
dissolving carbodiimide may be used such that the
entire aliquot of powder is added to the reaction all
at once but it dissolves at a rate consistent with the
desired period over which the aliquot is to be made
available to the reaction. If the protein and/or
saccharide has no amino or carboxyl groups (or only
has one of these), it may be derivatised to give it
one (or to give it the other it does not already
have). For instance for a saccharide only comprising
reactive hydroxyl groups (e.g. meningococcal serogroup
A capsular saccharide), such a group should be used
for derivatising on amino or carboxyl groups so that
EDAC condensation may be carried out.This may take
place within a repeat subunit, or may be a group only
present at the end of the saccharide molecule. It
should be noted that where derivatisation takes place,
it can be beneficial to only partially derivatise the
moiety. For saccharides with repeating subunits, the
target epitope may be present in each repeat.
Therefore if partial derivatisation takes place (for
this it is meant 0.5-20, 1-15, 3-12, or 5-10% of the
targeted reactive group is actually derivatised) this
can have the benefit of conserving the majority of the
epitopes, and preventing too much cross-linking. If a
saccharide or protein already has amino or carboxyl
groups only (e.g. Vi saccharide from Salmonella typhi
which naturally has carboxyl but not amino groups),
derivatisation can take place to give it the other
type of group (i.e. amino groups for Vi). It should be
noted, however, that as derivatisation can be partial
this action can change the preferred reaction of the
invention from a type I to a type III. For instance if
Vi saccharide is conjugated to a protein carrier
comprising both amino and carboxyl groups situation I
adds the aliquot of protein slowly in step b). If the
Vi saccharide carboxyl group is partially derivatised
with amino groups it will have both carboxyl and amino
groups, thus situation III adding the aliquot of
carbodiimide slowly in step b) becomes most relevant.
Derivatisation may occur through the addition of a
hetero- or homo-bifunctional linker. It may take place
with similar chemistry as described above for
saccharide-protein conjugation step (e.g. CDAP or
carbodiimide chemistry). The linker may have between 4
and 20, 4 and 12, or 5 and 10 carbon atoms. It may
have two reactive amino groups, two reactive carboxyl
groups, or one of each (e.g. hexane diamine,
6-aminocaproic acid, or adipic acid dihydrazide).
Typically derivatization takes place through reacting
a large excess of the linker with the saccharide
and/or protein carrier to be derivatised. This allows
derivatization to take place with minimal intra-moiety
cross-linking (which otherwise might be possible if
for instance a carboxyl group on a saccharide was
being derivatised with amino groups using carbodiimide
condensation). Excess linker is readily removed using
techniques such as diafiltration. In one embodiment
the saccharide comprises a reactive hydroxyl group as
part of its repeating unit which is partially
derivatised via an amino group on the linker (e.g.
with CDAP chemistry). In another embodiment the
saccharide comprises a reactive amino group as part of
its repeating unit which is partially derivatised via
a carboxyl group on the linker (e.g. with carbodiimide
chemistry). In a further embodiment the saccharide
comprises a reactive carboxyl group as part of its
repeating unit which is partially derivatised via an
amino group on the linker (e.g. with carbodiimide
chemistry). The aliquot of carbodiimide required to
perform the conjugation (whether present in step a) or
b) of the reaction of the invention) is 0.01 to 3,
0.05 to 2, or 0.09 to 1 mgcarbodiimide/mg saccharide.
Although these numbers are calculated in respect of
EDAC being the carbodiimide, these numbers may be
adjusted if any other carbodiimide is used by
multiplying the numbers in the range by: (molecular
weight of other carbodiimide)/(molecular weight of
EDAC). In general, the saccharide may be present in
the methods of the invention at a final concentration
of 0.5-50 mg/ml in step b). This will depend on the
size and nature of the saccharide, and the extent of
any derivatisation. For instance for oligosaccharides
a larger concentration will be required, but for large
polysaccharides a much smaller concentration will be
more appropriate. If it is towards the high end of
partially derivatised with amino or carboxyl groups a
smaller concentration may be appropriate to reduce the
possibility of any cross-linking. The protein carrier
may be present at a final concentration of 1-50 mg/ml
in step b). The initial ratio of protein carrier to
saccharide in the methods of the invention can be 5:1
to 1:5, 4:1 to 1:1 , or 3:1 to 2:1 (w/w). Again this
will depend on the size and nature of the saccharide,
and the extent of any derivatisation. Salt conditions
(e.g. NaCI) may also be varied according to the nature
of the saccharide/protein. Usually around 0.2M NaCI
may be present in step b) of the methods of the
invention, but may be 0-2, 0.1-1 or 0.2-0.5 M. In
terms of pH in step b) of the methods of the
invention, the reaction pH may be any pH where the
carbodiimide is activated - for instance pH 4.5-6.5,
4.7-6.0, or 5-5.5. This pH is typically maintained
throughout the reaction by addition of acid/base as
required. EDAC is usually stable at pH 7.5, though if
the conjugation requires to be done at higher pH
compounds which are known to keep the reaction
intermediate stable (such as Nhydroxysuccinimide) may
also be present in the reaction in step b), in which
case the reaction pH in step b) may be maintained at
pH 4.5-7.5. The reaction temperature during step b) of
the methods of the invention can be 4-37, 10- 32,
17-30, or 22-27 0C, and is typically maintained
throughout the reaction. In the methods of the
invention, once the entire aliquot has been added in
step b) the reaction is typically maintained for a
further 10 minutes to 72 hours, 20 minutes to 48
hours, 30 minutes to 24 hours, 40 minutes to 12 hours,
50 minutes to 6 hours, or 1-3 hours. Once the reaction
is completed the pH is adjusted to 7.5-9 (towards the
higher end of this if N-hydroxysuccinimide is present)
to go back to the stable pH range of carbodiimide.
Once conjugated, the saccharide-protein conjugate may
be purified from: unreacted components, free
saccharide, etc by injecting it on a size exclusion
chromatographycolumn (for instance Sephacryl S400HR,
Pharmacia). This is typically carried out at 2-8 0C.
The conjugate may be sterile filtered then stored.
Ultimately an effective dose (for instance 1-20, 2-15,
or 3-10 mg saccharide /dose) of the saccharide-protein
conjugate can be formulated with a pharmaceutically
acceptable excipient (for instance a salt or adjuvant)
to manufacture an immunogenic composition or vaccine.
In terms of the saccharides of the invention, any
saccharide of viral, fungal, bacterial or eukaryotic
source may be conjugated using the methods of the
invention. It may be the Vi saccharide from Salmonella
typhi, or a saccharide other than Vi. It may be the
capsular saccharide Hib from H. influenzae type b, or
may be a saccharide other than Hib. In one embodiment
the saccharide is a bacterial capsular saccharide, for
instance derived from a bacterium selected from a list
consisting of: N. meningitidis serogroup A (MenA), B
(MenB), C (MenC), W135 (MenW) or Y (MenY),
Streptococcus pneumoniae serotypes 1, 2, 3, 4, 5, 6A,
6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C,
19A, 19F, 20, 22F, 23F or 33F, Group B Streptococcus
group Ia, Ib, II, III, IV, V, Vl, or VII,
Staphylococcus aureus type 5, Staphylococcus aureus
type 8, Salmonella typhi (Vi saccharide), Vibrio
cholerae, or H. influenzae type b. The weight-average
molecular weight of the saccharide may be
1000-2000000, 5000- 1000000, 10000-500000,
50000-400000, 75000-300000, or 100000-200000. The
molecular weight or average molecular weight of a
saccharide herein refers to the weightaverage
molecular weight (Mw) of the saccharide measured prior
to conjugation and is measured by MALLS. The MALLS
technique is well known in the art and is typically 



carried out as described in example 2. For MALLS
analysis of saccharides, two columns (TSKG6000 and
5000PWxI) may be used in combination and the
saccharides are eluted in water. Saccharides are
detected using a light scattering detector (for
instance Wyatt Dawn DSP equipped with a 1OmW argon
laser at 488nm) and an inferometric refractometer (for
instance Wyatt Otilab DSP equipped with a P100 cell
and a red filter at 498nm). in an embodiment, the
polydispersity of the saccharide is 1-1.5, 1-1.3, 1-1
.2, 1- 1.1 or 1-1.05 and after conjugation to a
carrier protein, the polydispersity of the conjugate
is 1.0-2.5, 1.0-2.0. 1.0-1 .5, 1.0-1 .2, 1.5-2.5,
1.7-2.2 or 1.5-2.0. All polydispersity measurements
are by MALLS. The saccharide may be either a native
polysaccharide or may have been sized by a factor of
no more than 2, 4, 6, 8, 10 or 20 fold (for instance
by microfluidization [e.g. by Emulsiflex C-50
apparatus] or other known technique [for instance
heat, chemical, oxidation, sonication methods]).
Oligosaccharides may have been sized substantially
further [for instance by known heat, chemical, or
oxidation methods]. The structures of most of these
saccharides are known (and therefore whether they
naturally have any amino or carboxyl groups for
carbodiimide chemistry, or any other reactive group
which may be derivatised with amino or carboxyl groups
(see table below).The saccharide may be a bacterial
lipooligosaccharide or lipopolysaccharide (see above
table), for instance derived from a bacterium selected
from a list consisting of: N. meningitidis, H.
influenzae, E. coli, Salmonella or M. catarrhalis. The
LOS may be meningococcal immunotype L2, L3 or L10. It
may be detoxified by alkaline treatment of its Lipid A
moiety. In an embodiment, the MenA capsular
saccharide, is at least partially O-acetylated such
that at least 50%, 60%, 70%, 80%, 90%, 95% or 98% of
the repeat units are O-acetylated at at least one
position. O-acetylation is for example present at
least at the 0-3 position of at least 50%, 60%, 70%,
80%, 90%, 95% or 98% of the repeat units. In an
embodiment, the MenC capsular saccharide, is is at
least partially O-acetylated such that at least 30%,
40%, 50%, 60%, 70%, 80%, 90%, 95% or 98% of (a2
(r)9)-linked NeuNAc repeat unitsare O-acetylated at at
least one or two positions. O-acetylation is for
example present at the O-7 and/or O-8 position of at
least 30%. 40%, 50%, 60%, 70%, 80%, 90%, 95% or 98% of
the repeat units. In an embodiment, the MenW capsular
saccharide, is at least partially O-acetylated such
that at least 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%
or 98% of the repeat units are O-acetylated at at
least one or two positions. O-acetylation is for
example present at the O-7 and/or O-9 position of at
least 30%. 40%, 50%, 60%, 70%, 80%, 90%, 95% or 98% of
the repeat units. In an embodiment, the MenY capsular
saccharide, is at least partially O-acetylated such
that at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
95% or 98% of the repeat units are O-acetylated at at
least one or two positions. O-acetylation is present
at the 7 and/or 9 position of at least 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, 95% or 98% of the repeat
units. The percentage of Oacetylation refers to the
percentage of the repeat units containing
O-acetylation. This may be measured in the saccharide
prior to conjugate and/or after conjugation. The
protein carrier may be any peptide or protein. It may
comprise one or more T-helper epitopes. In one
embodiment of the invention the protein carrier is
selected from the group consisting of: TT, DT, CRM197,
fragment C of TT, protein D of H. influenzae,
pneumococcal PhtD, and pneumococcal Pneumolysin. The
carrier protein may be tetanus toxoid (TT), tetanus
toxoid fragment C, non-toxic mutants of tetanus toxin
[note all such variants of TT are considered to be the
same type of carrier protein for the purposes of this
invention], diphtheria toxoid (DT), CRM197, other
non-toxic mutants of diphtheria toxin [such as CRM176,
CRM 197, CRM228, CRM 45 (Uchida et al J. Biol. Chem.
218; 3838-3844, 1973); CRM 9, CRM 45, CRM102, CRM 103
and CRM107 and other mutations described by Nicholls
and Youle in Genetically Engineered Toxins, Ed:
Frankel, Maecel Dekker Inc, 1992; deletion or mutation
of Glu-148 to Asp, GIn or Ser and/or Ala 158 to GIy
and other mutations disclosed in US 4709017 or US
4950740; mutation of at least one or more residues Lys
516, Lys 526, Phe 530 and/or Lys 534 and other
mutations disclosed in US 5917017 or US 6455673; or
fragment disclosed in US 584371 1] (note all such
variants of DT are considered to be the same type of
carrier protein for the purposes of this invention),
pneumococcal pneumolysin (Kuo et al (1995) Infect
lmmun 63; 2706-13), OMPC (meningococcal outer membrane
protein - usually extracted from N. meningitidis
serogroup B - EP0372501), synthetic peptides
(EP0378881 , EP0427347), heat shock proteins (WO
93/17712, WO 94/03208), pertussis proteins (WO
98/58668, EP0471 177), cytokines, lymphokines, growth
factors or hormones (WO 91/01 146), artificial
proteins comprising multiple human CD4+ T cell
epitopes from various pathogen derived antigens
(Falugi et al (2001) Eur J Immunol 3 1; 3816-3824)
such as N19 protein (Baraldoi et al (2004) Infect
lmmun 72; 4884-7) pneumococcal surface protein PspA
(WO 02/091998), iron uptake proteins (WO 01/72337),
toxin A or B of C. difficile (WO 00/61761), H.
influenzae Protein D (EP594610 and WO 00/56360),
pneumococcal PhtA (WO 98/18930, also referred to
Sp36),pneumococcal PhtD (disclosed in WO 00/37105, and
is also referred to SpO36D), pneumococcal PhtB
(disclosed in WO 00/37105, and is also referred to
SpO36B), or PhtE (disclosed in WO00/30299 and is
referred to as BVH-3). In a further aspect of the
invention there is provided a saccharide-protein
carrier conjugate (or an immunogenic composition or
vaccine) obtainable or obtained by the method of the
invention. A use of the immunogenic composition or
vaccine of the invention in the manufacture of a
medicament for the prevention or treatment of disease,
and a method of preventing or treating disease
comprising the step of administering an effective dose
of the immunogenic composition or vaccine of the
invention to a patient in need thereof is further
provided. The use or method may be such that the
disease is caused by a bacterium selected from a list
consisting of: N. meningitidis, Streptococcus
pneumoniae, M. catarrhalis, Group B Streptococcus,
Staphylococcus aureus, Salmonella typhi, Vibrio
cholerae, E. coli, and H. influenzae. The immunogenic
compositions of the invention may also comprise a DTPa
or DTPw vaccine (for instance one containing DT, TT,
and either a whole cell pertussis (Pw) vaccine or an
acellular pertussis (Pa) vaccine (comprising for
instance pertussis toxoid, FHA, pertactin, and,
optionally agglutinogins 2 and 3). Such combinations
may also comprise a vaccine against hepatitis B (for
instance it may comprise hepatitis B surface antigen
[HepB], optionally adsorbed onto aluminium phosphate).
In one embodiment the immunogenic composition of the
invention comprises Hib, MenA and MenC saccharide
conjugates, or Hib and MenC saccharide conjugates, or
Hib, MenC and MenY saccharide conjugates, or MenA,
MenC, MenW and MenY saccharide conjugates, wherein at
least one, two or all the saccharide conjugates are
made according the method of the invention.
Immunogenic compositions of the invention optionally
comprise additional viral antigens conferring
protection against disease caused by measles and/or
mumps and/or rubella and/or varicella. For example,
immunogenic composition of the invention contains
antigens from measles, mumps and rubella (MMR) or
measles, mumps, rubella and varicella (MMRV). In an
embodiment, these viral antigens are optionally
present in the same container as the meningococcal
and/or Hib saccharide conjugate(s) present in the
composition. In an embodiment, these viral antigens
are lyophilised. In an embodiment, the immunogenic
composition of the invention further comprises an
antigen from N. meningitidis serogroup B. The antigen
is optionally an outer membranevesicle preparation
from N. meningitidis serogroup B as described in
EP301992, WO 01/09350, WO 04/14417, WO 04/14418 and WO
04/14419. In general, the immunogenic composition of
the invention may comprise a dose of each saccharide
conjugate between 0.1 and 20mg, 2 and 10mg, 2 and 6mg
or 4 and 7mg of saccharide. "Around" or
"approximately" are defined as within 10% more or less
of the given figure for the purposes of the invention.
In an embodiment, the immunogenic composition of the
invention is adjusted to or buffered at, or adjusted
to between pH 7.0 and 8.0, pH 7.2 and 7.6 or around or
exactly pH 7.4. The immunogenic composition or
vaccines of the invention are optionally lyophilised
in the presence of a stabilising agent for example a
polyol such as sucrose or trehalose. Optionally, the
immunogenic composition or vaccine of the invention
contains an amount of an adjuvant sufficient to
enhance the immune response to the immunogen. Suitable
adjuvants include, but are not limited to, aluminium
salts (aluminium phosphate or aluminium hydroxide),
squalene mixtures (SAF-1), muramyl peptide, saponin
derivatives, mycobacterium cell wall preparations,
monophosphoryl lipid A, mycotic acid derivatives,
non-ionic block copolymer surfactants, Quil A, cholera
toxin B subunit, polyphosphazene and derivatives, and
immunostimulating complexes (ISCOMs) such as those
described by Takahashi et al. (1990) Nature
344:873-875. For N. meningitidis or HibMen
combinations, it may be advantageous not to use any
aluminium salt adjuvant or any adjuvant at all. As
with all immunogenic compositions or vaccines, the
immunologically effective amounts of the immunogens
must be determined empirically. Factors to be
considered include the immunogenicity, whether or not
the immunogen will be complexed with or covalently
attached to an adjuvant or carrier protein or other
carrier, route of administrations and the number of
immunising dosages to be administered.The active agent
can be present in varying concentrations in the
pharmaceutical composition or vaccine of the
invention. Typically, the minimum concentration of the
substance is an amount necessary to achieve its
intended use, while the maximum concentration is the
maximum amount that will remain in solution or
homogeneously suspended within the initial mixture.
For instance, the minimum amount of a therapeutic
agent is optionally one which will provide a single
therapeutically effective dosage. For bioactive
substances, the minimum concentration is an amount
necessary for bioactivity upon reconstitution and the
maximum concentration is at the point at which a
homogeneous suspension cannot be maintained. In the
case of single-dosed units, the amount is that of a
single therapeutic application. Generally, it is
expected that each dose will comprise 1-100mg of
protein antigen, optionally 5-50mg or 5-25mg. For
example, doses of bacterial saccharides are 10-20mg,
5-1 Omg, 2.5-5mg or 1-2.5mg of saccharide in the
conjugate. The vaccine preparations of the present
invention may be used to protect or treat a mammal
(for example a human patient) susceptible to
infection, by means of administering said vaccine via
systemic or mucosal route. A human patient is
optionally an infant (under 12 months), a toddler
(12-24, 12-16 or 12-14 months), a child (2-10, 3-8 or
3-5 years) an adolescent (12-21 , 14-20 or 15-19
years) or an adult. 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
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 if saccharides are
present in a vaccine these could be administered
separately at the same time or 1-2 weeks after the
administration of a bacterial protein vaccine for
optimal coordination of the immune responses with
respect to each other). In addition to a single route
of administration, 2 different routes of
administration may be used. For example, 



viral antigens may be administered ID (intradermal),
whilst bacterial proteins may be administered IM
(intramuscular) or IN (intranasal). If saccharides are
present, they 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.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 Fullerton, US Patent 4,235,877. A further aspect of
the invention is a process for making the immunogenic
composition or vaccine of the invention, comprising
the step of mixing the MenA and MenC saccharides of
the invention made by the method of the invention,
with MenW and MenY that have not been made according
to the invention, and with a pharmaceutically
acceptable excipient. 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.
The invention is illustrated in the accompanying
examples. The examples below are carried out using
standard techniques, which are well known and routine
to those of skill in the art, except where otherwise
described in detail. The examples are illustrative ,
but do not limit the invention.Examples Example 1 -
preparation of polysaccharide conjugates Example 1a -
preparation of meningococcal MenA and MenC capsular
polysaccharide conjugate according to the invention
MenC -TT conjugates were produced using native
polysaccharides (of over 15OkDa as measured by MALLS)
or were slightly microfluidised. MenA-TT conjugates
were produced using either native polysaccharide or
slightly microfluidised polysaccharide of over 6OkDa
as measured by the MALLS method of example 2. Sizing
was by microfluidisation using a homogenizer
Emulsiflex C-50 apparatus. The polysaccharides were
then filtered through a 0.2mm filter. In order to
conjugate MenA capsular polysaccharide to tetanus
toxoid via a spacer, the following method was used.
The covalent binding of the polysaccharide and the
spacer (ADH) is carried out by a coupling chemistry by
which the polysaccharide is activated under controlled
conditions by a cyanylating agent,
1-cyano-4-dimethylamino-pyridinium tetrafluoroborate
(CDAP). The spacer reacts with the cyanylated PS
through its hydrazino groups, to form a stable isourea
link between the spacer and the polysaccharide. A
10mg/ml solution of MenA (pH 6.0) [3.5 g] was treated
with a freshly prepared 100mg/ml solution of CDAP in
acetonitrile/water (50/50 (v/v)) to obtain a CDAP/MenA
ratio of 0.75 (w/w). After 1.5 minutes, the pH was
raised to pH 10.0. Three minutes later, ADH was added
to obtain an ADH/MenA ratio of 8.9. The pH of the
solution was decreased to 8.75 and the reaction
proceeded for 2 hours maintaining this pH (with
temperature kept at 25 0C). The PSA AH solution was
concentrated to a quarter of its initial volume and
then diafiltered with 30 volumes of 0.2M NaCI using a
Filtron Omega membrane with a cut-off of 1OkDa, and
the retentate was filtered. Prior to the conjugation
(carbodiimide condensation) reaction, the purified TT
solution and the PSA AH solution were diluted to reach
a concentration of 10 mg/ml for PSA AH and 10mg/ml for
TT. EDAC (1-ethyl-3-(3-dimethyl-aminopropyl)
carbodiimide) was added to the PSAH solution (2g
saccharide) in order to reach a final ratio of 0.9 mg
EDAC/mg PSAAH. The pH was adjusted to 5.0. The
purified tetanus toxoid was added with a peristaltic
pump (in 60 minutes) to reach 2 mg TT/mg PSAAH. The
resulting solution was left 60 min at +25C under
stirring to obtain a final coupling time of 120 min.
The solution was neutralised by addition of 1M
Tris-Hcl pH 7.5 (1/10 of the final volume) and left 30
minutes at +25C then overnight at +2C to +8C.The
conjugate was clarified using a 10mm filter and was
purified using a Sephacryl S400HR column (Pharmacia,
Sweden). The column was equilibrated in 10 mM Tris-HCI
(pH 7.0), 0.075 M NaCI and the conjugate (approx.
66OmL) was loaded on the column (+20C to +8C). The
elution pool was selected as a function of optical
density at 280 nm. Collection started when absorbance
increased to 0.05. Harvest continued until the Kd
reached 0.30. The conjugate was filter sterilised at
+200C, then stored at +20C to +8C. The resultant
conjugate had a polysaccharide:protein ratio of
1:2-1:4 (w/w). In order to conjugate MenC capsular
polysaccharide to tetanus toxoid via a spacer, the
following method was used. The covalent binding of the
polysaccharide and the spacer (ADH) is carried out by
a coupling chemistry by which the polysaccharide is
activated under controlled conditions by a cyanylating
agent, 1-cyano-4-dimethylamino-pyridinium
tetrafluoroborate (CDAP). The spacer reacts with the
cyanylated PS through its hydrazino groups, to form a
stable isourea link between the spacer and the
polysaccharide. A 20mg/ml solution of MenC (pH6.0)
(3.5 g) was treated with a freshly prepared 100mg/ml
solution of CDAP in acetonitrile/water (50/50 (v/v))
to obtain a CDAP/MenC ratio of 1.5 (w/w). After 1.5
minutes, the pH was raised to pH 10.0. At activation
pH 5M NaCI was added to achieve a final concentration
of 2M NaCI. Three minutes later, ADH was added to
obtain an ADH/MenC ratio of 8.9. The pH of the
solution was decreased to 8.75 and the reaction
proceeded for 2 hours (retained at 25 0C). The PSC AH
solution was concentrated to a minimum of 150 ml_ and
then diafiltered with 30 volumes of 0.2M NaCI using a
Filtron Omega membrane with a cut-off of 1OkDa, and
the retentate was filtered. Prior to the conjugation
reaction, the purified TT solution and the PSC AH
solution (2g scale) were diluted in 0.2M NaCI to reach
a concentration of 15 mg/ml for PSC AH and 20mg/ml for
TT. The purified tetanus toxoid was added to the PSCAH
solution in order to reach 2 mg TT/mg PSC AH- The pH
was adjusted to 5.0. EDAC (16.7 mg/ml in Tris 0.1 M pH
7.5) was added with a peristaltic pump (in 10 minutes)
to reach a final ratio of 0.5 mg EDAC/mg PSCAH. The
resulting solution was left 110 min at +25C under
stirring and pH regulation to obtain a final coupling
time of 120 min. The solution was then neutralized by
addition of 1M Tris- HcI pH 9.0 (1/10 of final volume)
and left 30 minutes at +25C then overnight at +2C to
+8C. The conjugate was clarified using a 10mm filter
and was purified using a Sephacryl S400HR column
(Pharmacia, Sweden). The column was equilibrated in 10
mM Tris-HCI (pH 7.0), 0.075 M NaCI and the conjugate
(approx. 46OmL) was loaded on the column (+20C to
+8C). The elution pool was selected as a function of
optical density at 280 nm. Collection started when
absorbance increased to 0.05. Harvest continued until
the Kd reached 0.20. The conjugate was filter
sterilised at +20C, then stored at +2C to +80C. The
resultant conjugate had a polysaccharide:protein ratio
of 1:2-1:4 (w/w).Various experiments adding EDAC over
10-45 minutes were carried out - in each case good
quality MenC conjugates resulted. If, however the TT
carrier was added last slowly to the MenC-ADH + EDAC
mix this led to a gel - a conjugate that could not be
purified. Experiments were also carried out adding the
EDAC all at once into the reaction but the final TT/PS
ratio (2.771) (w/w) of the conjugate was lower than
for the conjugate obtained via the reaction where EDAC
was added over 10 minutes (3.3/1); furthermore the aTT
and aPS antigenicity were both lower than that
measured in respect of the conjugate made by the
reaction where EDAC was added over 10 minutes. Note on
approximate %Derivatisation of the polysaccharides
MenCAH: after CDAP treatment with ADH about 3.47% of
hydroxyl groups were derivatized with ADH (with an
estimation of two available hydroxyl groups per repeat
subunit). For MenA: about 11.5% of hydroxyl groups
derivatized with ADH (considering there is only one
available hydroxyl group per repeat unit). Example 1b
- preparation of pneumococcal capsular PS 3
polysaccharide conjugate 1) PS03-TTAH process :
PS03-TTAH208 Sizing by Emulsiflex PS was weighed on
the basis of 10% theoretical moisture content. The
native PS was dissolved overnight in 2M NaCI at an
initial concentration of 3 mg/ml. Before sizing, the
solution of native PS was clarified on 5 mm cut-off
filter. A homogenizer EMULSIFLEX C-50 apparatus was
used to reduce the molecular weight and the viscosity
of the polysaccharide before the activation step. The
efficiency of the sizing depends on the circuit
pressure, the plunger alimentation pressure and on the
total cycles number. In order to improve the
efficiency of sizing (and consequently reduce the
total number of cycles), the homogenizing cell of
Emulsiflex was replaced with a cell with a fixed
geometry (Microfluidics F20Y-0.75mm interaction
chamber). The aim of the sizing was to reduce the
molecular weight and the viscosity of the PS without a
critical decrease of its antigenicity. The size
reduction was done at 6000  500 psi and followed
in-process by a measure of viscosity. The sizing was
stopped when the target of 2.0  0.2 cp was reached.
Filtration of sized PS on 0.22 mm Sized PS was
filtered on a Millipak 40 membrane (cut-off 0.22 mm)
at a flow-rate of 10 ml/min.TT derivatization The
derivatization step was performed at 25C under
continuous stirring in a T controlled waterbath. TT
was diluted in NaCI 0.2M to obtain a final TT
concentration of 25mg/ml. ADH was added in solid form
to the TT solution to reach a 0.2M final
concentration. After complete ADH dissolution, the
solution was set at pH 6.2+/- 0.1 with HCI. EDAC was
then added to the TTVADH solution to reach a final
0.02M concentration. The pH was set at 6.2+/-0.1 with
HCI and was kept under pH regulation during 1 hour.
After the derivatization step, the pH was raised up to
pH9.5 with NaOH to stop the reaction. The solution was
left during 2 hours under pH regulation before the
diafiltration step. Diafiltration TTAH derivative was
diafiltered in order to remove unreacted ADH and EDAC
by-products. The diafiltration was performed on a
centramate membrane (0.09 m2, 10 kDa cut-off). The
solution was dialysed against 20 volumes of 0.2M NaCI.
The follow-up of the diafiltration step was performed
by a quantification of ADH (TNBS assay) in the
permeate after 5, 10, 15 and 20 volumes of
diafiltration. Filtration on 0.22 mm TTAH was finally
filtered on 0.22 mm cut-off membrane (Millipack 40) at
a flow-rate of 10 ml/min. The filtered TT AH was then
stored at -700C PS3-TTAH conjugate The conditions of
process were the following: An initial PS3
concentration of 2 mg/ml in 2 M NaCI, an initial
TTAH/PS3 ratio of 1.5/1 (w/w), an EDAC concentration
of 0.5 mg/mg PS, and a TT concentration of 10 mg/ml in
0.15M NaCI. 50mg of PS3 were diluted in 2M NaCI to
obtain a final PS concentration of 2 mg/ml. The
purified TT AH solution was diluted in 0.2M NaCI to
reach a concentration of 10 mg/ml. The PS3 solution
was adjusted to pH5 with HCI. EDAC was added in solid
form to the PS3 solution in order to reach a final
concentration of 0.5 mg EDAC/ mg PS. The pH was
adjusted to 5.0  0.05 with HCI and TTAH was 



manually added in 11 minutes (aliquots/min).The
resulting solution was incubated 109 min at + 25C with
stirring and pH regulation to obtain a final coupling
time of 120 min. Then the solution was neutralized by
addition of 1M Tris-HCI pH 7.5 and left 30 min at
+25C. The conjugate was finally clarified on a 5mm
membrane and injected on a Sephacryl S400HR column.2
PS03-TTAH process : PS03AH-TT21 5 Sizing by Emulsiflex
As above. Filtration of sized PS on 0.22 mm As above.
PS3 derivatization The derivatization step was
performed at 25C under continuous stirring in a T
controlled waterbath. PS3 was diluted in NaCI 2M to
obtain a final PS concentration of 3mg/ml. The PS
solution was set at pH6.0 before the addition of CDAP
(0.25mg/mg PS, dissolution at 100mg/ml in a mix of
acetonitrile/ WFI). The pH was increased to pH9.5 with
NaOH before the addition of ADH (8.9mg ADH/mg PS,
dissolution at 100mg/ml in 0.2M NaCI). The pH was kept
at 9.5 and regulated during 60 minutes. The percentage
of derivatization corresponded to 2.4% (2.4 mg ADH/
100 mg PS). This can be measured with known
techniques: TNBS for the estimating ADH; and DMAB or
resorcinol (Monsigny et al (1988) Anal. Biochem. 175,
525-530) for the PS quantification. In this case, TNBS
dosage was 228 mg/ml and PS dosage: 5250 mg/ml. Given
the Mw of ADH is 174.2, and the Mw of the repeat unit
of PS3 is 338.27 (having 1 COOH and 4 OH groups),
there is 1.3 mmoles of ADH / 15.52 mmole of repeat
unit, or 1.3 mmoles of ADH / 62.08 mmole of reactive
hydroxyl group. 2.09% of PS3 hydroxyl groups were ADH
modified hydroxyl groups. Diafiltration PS3AH
derivative was diafiltered in order to remove
unreacted ADH and CDAP by products. The diafiltration
was performed on a UFP-30-C-H24LA membrane (42 cm2, 30
kDa cut-off). The solution was dialysed against 20
volumes of 0.2M NaCI. The follow-up of the
diafiltration step was performed by a quantification
of ADH (TNBS assay) in the permeate after 5, 10, 15
and 20 volumes of diafiltration. Filtration on 0.22 mm
PSAH was finally filtered on 0.22 mm cut-off membrane
(Millipack 40) at a flow-rate of 10 ml/min. The
filtered PS3 AH was then stored at 4C.PS3 AH-TT
conjugate The conditions of the process were the
following: An initial PS3 concentration of 2 mg/ml in
2 M NaCI, an initial TT/PS3 AH ratio of 1.5/1 (w/w),
an EDAC concentration of 0.5 mg/mg PS, and a TT
concentration of 10 mg/ml in 0.15M NaCI. 50mg of PS3AH
was diluted in 0.2M NaCI to obtain a final PS
concentration of 2 mg/ml. The purified TT solution was
diluted in 0.2M NaCI to reach a concentration of 10
mg/ml. The PS3 AH solution was adjusted to pH5 with
HCI. EDAC was added in solid form to the PS3 AH
solution in order to reach a final concentration of
0.5 mg EDAC/ mg PS. The pH was adjusted to 5.0  0.05
with HCI and TT was added in 10 minutes using a
peristaltic pump. The resulting solution was incubated
110 min at + 25C with stirring and pH regulation to
obtain a final coupling time of 120 min. Then the
solution was neutralized by addition of 1M Tris-HCI pH
7.5 and left 30 min at +25C. The conjugate was finally
clarified on a 5mm membrane and injected on a
Sephacryl S400HR column. 3) PS03AH-TT process :
PS3AH-TT21 7 Sizing by Emulsiflex As above. Filtration
of sized PS on 0.22 mm As above. PS3 derivatization As
for 215 conjugate. Diafiltration As for 2 15
conjugate. Filtration on 0.22 mm As for 2 15
conjugate.PS3 AH-TT conjugate The conditions of the
process were the following: An initial PS3
concentration of 2 mg/ml in 2 M NaCI, an initial
TT/PS3 AH ratio of 1.5/1 (w/w), an EDAC concentration
of 0.5 mg/mg PS, and a TT concentration of 10 mg/ml in
0.15M NaCI. 50mg of PS3 AH was diluted in 0.2M NaCI to
obtain a final PS concentration of 2 mg/ml. The
purified TT solution was diluted in 0.2M NaCI to reach
a concentration of 10 mg/ml. The PS3 AH and TT
solutions were mixed and adjusted to pH5 with HCI.
EDAC was dissolved in a Tris 1M pH7.5 buffer. 40ml of
EDAC were added each minute (10 minutes to reach the
EDAC/PS ratio (0.5mg EDAC/ mg PS)).The resulting
solution was incubated 110 min at + 250C under
stirring and pH regulation to obtain a final coupling
time of 120 min. Then the solution was neutralized by
addition of 1M Tris-HCI pH 7.5 and left 30 min at
+25C. The conjugate was finally clarified on a 5mm
membrane and injected on a Sephacryl S400HR column. 4)
PS03AH-TT process : PS3AH-TT21 8 Sizing by Emulsiflex
A s above. Filtration of sized PS on 0.22 mm As above.
PS3 derivatization The derivatization step was
performed at 25C with continuous stirring in a T
controlled waterbath. PS3 was diluted in NaCI 2M to
obtain a final PS concentration of 3mg/ml. EDAC was
added in solid form to reach an EDAC/ PS ratio of 0.1
mg/mg PS. After complete dissolution, the pH of the
solution was set at 5. ADH (8.9mg ADH/mg PS,
dissolution at 100mg/ml in 0.2M NaCI) was then added
using a peristaltic pump in 44 minutes (though as such
an excess of ADH was present, direct addition would
also have been OK). The pH was kept at 5.0+/-0.1 and
regulated during 120 minutes (44' + 76'). The reaction
was stopped by increasing the pH to 7.5 using sodium
hydroxide. The percentage of derivatization
corresponded to 3.7% (mg ADH/ mg PS). TNBS dosage was
220 mg/ml and PS dosage was 5902 mg/ml, thus there is
1.26 mmoles of ADH / 17.44 mmole of repeat unit
(=mmole of reactive COOH group). Thus, 7.22% of PS3
carboxyl groups were ADH modified COOH
groups.Diafiltration PS3AH derivative was diafiltered
in order to remove unreacted ADH and EDAC by products.
The diafiltration was performed on a UFP-30-C-H24LA
membrane (42 cm2, 30 kDa cut-off). The solution was
dialysed against 23 volumes of 0.2M NaCI. The
follow-up of the diafiltration step was performed by a
quantification of ADH (TNBS assay) in the permeate
after 5, 10, 15 and 20 volumes of diafiltration
Filtration on 0.22 mm PSAH was finally filtered on
0.22 mm cut-off membrane (Millipack 40) at a flow-rate
of 10 ml/min. The filtered PS3 AH was then stored at
4C. PS3 AH-TT conjugate The conditions of the process
were the following: An initial PS3AH concentration of
2 mg/ml in 2 M NaCI, an initial TT/PS3 AH ratio of
1.5/1 (w/w), an EDAC concentration of 0.5 mg/mg PS,
and a TT concentration of 10 mg/ml in 0.15M NaCI. 50mg
of PS3 AH was diluted in 0.2M NaCI to obtain a final
PS concentration of 2 mg/ml. The purified TT solution
was diluted in 0.2M NaCI to reach a concentration of
10 mg/ml. The PS3AH and TT solutions were mixed
together. The pH was adjusted to 5.0  0.05 with HCI
and EDAC was manually added in 10 minutes (equal
part-aliquots added each minute).The resulting
solution was incubated 110 min at + 25C with stirring
and pH regulation to obtain a final coupling time of
120 min. Then the solution was neutralized by addition
of 1M Tris-HCI pH 7.5 and left 30 min at +25C. The
conjugate was finally clarified on a 5mm membrane and
injected on a Sephacryl S400HR column. Conclusions:
Different conjugates were made using carbodiimide
chemistry in the conjugation step. The last component
added in the reaction solution can be either the TT
protein or the EDAC reagent. The time of addition can
have an effect on the resulting conjugates. PS3AHTT21
5 & 217 conjugates: The same components and conditions
were used to prepare both conjugates. The way in which
the last component was added was different. PS3 AHTT21
7 conjugate led to a product which met in-vitro
criteria. This one was made by adding EDAC in 10
minutes.PS3 AHTT21 5 conjugate, however, could not be
filtered on sterile membrane. For this one, the last
component added in the reaction medium was the TT (in
10 minutes). Final TT/PS ratios were highly different
for both conjugates. (0.98/1 vs 0.50/1 ). If EDAC is
added first to the PSAH (having both reactive amino
and carboxyl groups) this can lead to intra
cross-linking of hydrazine and carboxylic groups
present on the polysaccharide, and thus could lead to
a more cross-linked conjugate with a weaker final
ratio after the addition of TT in 10 minutes. This
effect is not observed for the PS3 AHTT21 7 conjugate.
The TT incorporation worked better by the addition of
EDAC in 10 minutes, perhaps due to lower intra
cross-linking, and better inter cross-linking between
hydrazine groups of the PS3AH and carboxylic groups of
the protein. In the case of the 218 conjugate, as the
PS3 EDAC derivatisation only partially derivatises the
polysaccharide (to keep the majority of the
polysaccharides epitopes intact), again both reactive
amino and carboxyl groups are present, hence why slow
addition of EDAC in a final conjugation step is also
beneficial. Slow TT addition in the final conjugation
step was beneficial (however) for the 208 conjugate
where the TT was ADH derivatised (and comprises amino
and carboxyl groups), whereas the PS3 was left with
its native reactive -OH and -COOH groups as part of
its repeating subunit. The addition of EDAC to PS 3
did not have the above crosslinking effect, and the
slow addition of the derivatised TT yielded conjugate
with good in vitro characteristics - see below.
In-vitro characterization: Conj.
Derivatization/Chemistry Conjugation/ Chemistry Final
component addition 208 TT/ADH EDAC PS-TT AH EDAC TTAH
added in 11 minutes 215 PS3/ ADH - CDAP PSAH -p EDAC
TT added in 10 minutes 217 PS3/ ADH - CDAP PSAH -p
EDAC EDAC added in 10 minutes 218 PS3/ ADH - EDAC PSAH
-TF EDAC EDAC added in 10 minutesSizing by Emulsiflex
PS was weighed on the basis of 15% theoretical
moisture content. The native PS is 



dissolved overnight in WFI at an initial concentration
of 7 mg/ml. Before the sizing, the solution of native
PS is clarified on 10 mm cut-off filter at a flow-rate
of 50 ml/min. A homogenizer EMULSIFLEX C-50 apparatus
was used to reduce the molecular weight and the
viscosity of the polysaccharide before the activation
step. The efficiency of the sizing depends on the
circuit pressure, the plunger alimentation pressure
and on the total cycles number. In order to improve
the efficiency of sizing (and consequently reduce the
total number of cycles), the homogenizing cell of
Emulsiflex was replaced by a cell with a fixed
geometry (Microfluidics F20Y-0.75 mm interaction
chamber). The aim of the sizing is to reduce the
molecular weight and the viscosity of the PS without a
critical decrease of its antigenicity. The size
reduction was realized at 15000  500 psi and followed
in-process by a measure of viscosity. The sizing is
stopped when the target of 5.0  0.3 cp is reached.
Filtration of sized PS on 0.22 mm Sized PS is filtered
on a Millipak 40 membrane (cut-off 0.22 mm) at a
flow-rate of 10 ml/min. The filtered sized PS is
stored at -200C.Derivatization of polysaccharide Vi
1.5 g of sized Vi PS was dissolved at 25C in EPI under
agitation (5 mg/ml). 13.35 g of ADH (8.9 mg ADH/mg PS)
is added to the PS solution. After complete
dissolution pH was adjusted at pH 5.0  0.05 with 1N
HCI. EDAC (0.1 mg/mg PS) was added in a solid form.
The solution was left 60 min at 25C. Then the solution
was neutralized by addition of 1M Tris-HCI pH 7.5 and
left at least 30 min at 25C (maximum 2 hours). The
level of derivatization was estimated to be 4.55%
using the TNBS dosage (mg ADH/ 100 mg PS). TNBS dosage
was 200 mg/ml and PS dosage was 4034 mg/ml; thus
0.0697 mmoles of ADH / 16.46 mmole of repeat unit (Mw
245). 1.3 mmoles of ADH / 16.46 mmole of reactive COOH
group on Vi, thus 7% of Vi COOH groups were ADH
modified COOH groups. Diafiltration PSViAH derivative
was diafiltered in order to remove unreacted ADH and
EDAC by products. The diafiltration was performed on a
centramate membrane (0.09 m2, 10 kDa cut-off). The
solution was dialysed against 20 volumes of 0.2M NaCI.
The follow-up of the diafiltration step was performed
by a quantification of ADH (TNBS assay) in the
permeate after 3, 5, 10 and 20 volumes of
diafiltration Filtration on 0.22 mm PSViAH was finally
filtered on 0.22 mm cut-off membrane (Millipack 40) at
a flow-rate of 10 ml/min. The filtered PSViAH was
stored at +2/+8C for a maximum of 4 days. PSVU H-TT
conjugates The conditions of process were the
following: An initial PSViAH concentration of 2 mg/ml
in 0.2 M NaCI, an initial TT/PSViAH ratio of 2.5/1
(w/w), an EDAC concentration of 0.25 mg/mg PS and a TT
concentration of 10 mg/ml in 0.2M NaCI. 1g of PSV AH
was diluted in 0.2M NaCI to obtain a final PS
concentration of 2 mg/ml (uronic acid dosage). The
purified TT solution was diluted in 0.2M NaCI to reach
a concentration of 10 mg/ml. TT was added to the
PSViAH solution in order to reach a final ratio of 2.5
mg TT/ mg PS. The pH is adjusted to 5.0  0.05 with 1N
HCI. The EDAC solution (7.5 mg/ml in 0.1 M Tris pH
7.5) was then added (in 10 minutes with a peristaltic
pump) to reach 0.25 mg EDAC/ mg PSViAH- The resulting
solution was incubated 50 min at + 25C with stirring
and pH regulation to obtain a final coupling time of
60 min. Then the solution was neutralized by addition
of 1M Tris-HCI pH 7.5 and left 30 min at +250C. The
conjugate was transferred at 4C and is left overnight
under continuous slow stirring before the
chromatography step.Purification Prior to the elution
on Sephacryl S400HR, the conjugate was clarified using
a 10 mm Kleenpak filter. The flow rate was fixed at
100 ml/min. The conjugate was then injected on
Sephacryl S400HR and the collection pool was based on
a Kd value. The following criterion was used for the
pool collection: from OD= 0.05 at 280 nm harvesting
started, and finished when Kd= 0.22. Sterilizing
filtration Before filtration, the bulk was brought
back to room temperature. Then the conjugate was
filtered on an Opticap 4" sterilizing membrane. The
flow rate was fixed at 30 ml/min. Analytical The
resulting conjugate had a final TTfPS ratio (w/w) of
2.44/1, a free PS content of 3.7% and a aPS/ aPS
antigenicity of 58%. Example 1d - preparation of other
polysaccharide conjugates The covalent binding of
Haemophilus influenzae (Hib) PRP polysaccharide to TT
was carried out by a coupling chemistry developed by
Chu et al (Infection and Immunity 1983, 40 (1);
245-256). Hib PRP polysaccharide was activated by
adding CNBr and incubating at pH10.5 for 6 minutes.
The pH was lowered to pH8.75 and adipic acid
dihydrazide (ADH) was added and incubation continued
for a further 90 minutes. The activated PRP was
coupled to purifed tetanus toxoid via carbodiimide
condensation using 1-ethyl-3-(3-
dimethyl-aminopropyl)carbodiimide (EDAC). EDAC was
added to the activated PRP to reach a final ratio of
0.6mg EDAC/mg activated PRP. The pH was adjusted to
5.0 and purified tetanus toxoid was added to reach 2mg
TT/mg activated PRP. The resulting solution was left
for three days with mild stirring. After filtration
through a 0.45mm membrane, the conjugate was purifed
on a sephacryl S500HR (Pharmacia, Sweden) column
equilibrated in 0.2M NaCI. MenC -TT conjugates were
produced using native polysaccharides (of over 15OkDa
as measured by MALLS) or were slightly microfluidised.
MenA-TT conjugates were produced using either native
polysaccharide or slightly microfluidised
polysaccharide of over 6OkDa as measured by the MALLS
method of example 2. MenW and MenY-TT conjugates were
produced using sized polysaccharides of around
100-20OkDa as measured by MALLS (see example 2).
Sizing was by microfluidisation using a homogenizer
Emulsiflex C-50 apparatus. The polysaccharides were
then filtered through a 0.2mm filter. Activation and
direct coupling were performed as described in
WO96/29094 and WO 00/56360. Briefly, the
polysaccharide at a concentration of 10-20mg/ml in 2M
NaCI pH5.5-6.0 was mixed with CDAPsolution (100mg/ml
freshly prepared in acetonitrile/WFI, 50/50) to a
final CDAP/polysaccharide ratio of 0.75/1 or 1.5/1 .
After 1.5 minutes, the pH was raised with sodium
hydroxide to pH10.0. After three minutes tetanus
toxoid was added to reach a protein/polysaccharide
ratio of 1.5/1 for MenW, 1.2/1 for MenY, 1.5/1 for
MenA or 1.5/1 for MenC. The reaction continued for one
to two hours. After the coupling step, glycine was
added to a final ratio of glycine/PS (w/w) of 7.5/1
and the pH was adjusted to pH9.0. The mixture was left
for 30 minutes. The conjugate was clarified using a
10mm Kleenpak filter and was then loaded onto a
Sephacryl S400HR column using an elution buffer of
15OmM NaCI, 1OmM or 5mM Tris pH7.5. Clinical lots were
filtered on an Opticap 4 sterilizing membrane. The
resultant conjugates had an average
polysaccharide:protein ratio of 1:1-1 :5 (w/w).
Example 2 - determination of molecular weight using
MALLS Detectors were coupled to a HPLC size exclusion
column from which the samples were eluted. On one
hand, the laser light scattering detector measured the
light intensities scattered at 16 angles by the
macromolecular solution and on the other hand, an
interferometric refractometer placed on-line allowed
the determination of the quantity of sample eluted.
From these intensities, the size and shape of the
macromolecules in solution can be determined. The mean
molecular weight in weight (Mw) is defined as the sum
of the weights of all the species multiplied by their
respective molecular weight and divided by the sum of
weights of all the species. a) Weight-average
molecular weight: -Mwb) Number-average molecular
weight: -Mn- M =  , m0 c) Root mean square radius:
-Rw- and R2Wis the square radius defined by:(-rrii- is
the mass of a scattering centre i and -h- is the
distance between the scattering centre i and the
center of gravity of the macromolecule). d) The
polydispersity is defined as the ratio -Mw / Mn-.
Meningococcal polysaccharides were analysed by MALLS
by loading onto two HPLC columns (TSKG6000 and
5000PWxI) used in combination. 25ml of the
polysaccharide were loaded onto the column and was
eluted with 0.75ml of filtered water. The
polyaccharides are detected using a light scattering
detector ( Wyatt Dawn DSP equipped with a 1OmW argon
laser at 488nm) and an inferometric refractometer (
Wyatt Otilab DSP equipped with a P100 cell and a red
filter at 498nm). The molecular weight
polydispersities and recoveries of all samples were
calculated by the Debye method using a polynomial fit
order of 1 in the Astra 4.72 software. Example 3 -
Clinical trial assessing the effect of a linker in
MenA in a MenACWY conjugate vaccine A single dose of
different formulations of MenACWY vaccine was
administered to teenagers of 15-19 years in 5 groups
of 25 subjects in a 1:1 :1:1 :1 randomised trial. The
formulations tested were: F 1 - MenACWY conjugated to
tetanus toxoid with the MenA conjugate containing an
AH (ADH) spacer (made according to example 1) -
5/5/5/5mg F2 - MenACWY conjugated to tetanus toxoid
with the MenA conjugate containing an AH spacer (made
according to example 1) - 2.5/5/2. 5/2.5mg F3 -
MenACWY conjugated to tetanus toxoid with the MenA
conjugate containing an AH spacer (made according to
example 1) - 5/5/2. 5/2.5mg F4 - MenACWY conjugated to
tetanus toxoid with no spacer in any conjugate -
5/5/5/5mg Control group - Mencevax(tm) ACWY On day 30
after inoculation, a blood sample was taken from the
patients.The blood samples were used to asess the
percentage of SBA-MenA, SBA-MenC, SBAMenW135 and
SBA-MenY responders one month after the vaccine dose.
A vaccine response was defined as 1) for initially
seronegative subjects - a post-vaccination antibody
titre > 1/32 at 1 month or 2) for initially
seropositive subjects - antibody titre of > 4 fold the
pre-vaccination antibody titre. Results As shown in
the Table below, the use of a spacer in the MenA
conjugate led to an increased immune response against
MenA. The percentage of responders rose from 66% to
90-95% when the AH spacer was added. This was
reflected in an increase in SBA GMT from 4335 to 10000
and an increase in GMC from 5 to 20-40. Surprisingly,
the use of a AH spacer also led to an increased immune
response against MenC as seen by an increase in the
percentage of responders and an increase in the SBA
GMT. An increase could also be seen in the SBA-GMT
against MenY (6742-7122) and against MenW (4621-5418)
when a spacer was introduced.Example 4 - Clinical
trial assessing the effect of a linker in MenA and
MenC conjugates in a MenACWY conjugate vaccine A
single dose of different formulations of MenACWY
vaccine was administered to teenagers of 15-19 years
in 5 groups of 25 subjects in a 1:1 :1 :1 :1
randomised trial. The formulations tested were: F 1 -
MenACWY conjugated to tetanus toxoid with the MenA and
MenC conjugates containing an AH spacer (made
according to example 1) - 2.5/2.5/2. 5/2.5mg 



F2 - MenACWY conjugated to tetanus toxoid with the
MenA and MenC conjugates containing an AH spacer (made
according to example 1) - 5/5/2.5/2.5mg F3 - MenACWY
conjugated to tetanus toxoid with the MenA and MenC
conjugates containing an AH spacer (made according to
example 1) - 5/5/5/5mg F4 - MenACWY conjugated to
tetanus toxoid with the MenA conjugate containing an
AH spacer (made according to example 1) - 5/5/5/5mg
Control group - Mencevax(tm) ACWY On day 30 after
inoculation, a blood sample was taken from the
patients. The blood samples were used to asess the
percentage of SBA-MenA, SBA-MenC, SBAMenW135 and
SBA-MenY responders one month after the vaccine dose.
A vaccine response was defined as 1) for initially
seronegative subjects - a post-vaccination antibody
titre > 1/32 at 1 month or 2) for initially
seropositive subjects - antibody titre of > 4 fold the
pre-vaccination antibody titre. Results The
introduction of an AH spacer into the MenC conjugate
led to an increase in the immune response against MenC
as shown in the Table below. This is demonstrated by
an increase in SBA GMT from 1943 to 4329 and an
increase in anti-PSC GMC from 7.65 to 13.13. Good
immune responses against MenA, MenW and MenY were
maintained.ANTI-MALARIA VACCINE The present invention
relates to a novel use of a malaria antigen to
immunise against malaria infection and disease. The
invention relates in particular to the use of
sporozoite antigens, in particular circumsporozoite
(CS) protein or immunogenic fragments or derivatives
thereof, combined with suitable adjuvants, to immunise
malaria naive individuals expecting to travel to
endemic regions against malaria infection. Malaria is
one of the world's major health problems. During the
20th century, economic and social development,
together with anti-malarial campaigns, have resulted
in the eradication of malaria from large areas of the
world, reducing the affected area of the earth's land
surface from 50% to 27%. Nonetheless, given expected
population growth it is projected that by 2010 half of
the world's population, nearly 3.5 billion people,
will be living in areas where malaria is transmitted
(Hay, 2004) . Current estimates suggest that there are
well in excess of 1 million deaths due to malaria
every year, and the economic costs for Africa alone
are staggering (Bremen, 2004). These figures highlight
the global malaria crisis and the challenges it poses
to the international health community. The reasons for
this crisis are multiple and range from the emergence
of widespread resistance to available, affordable and
previously highly effective drugs, to the breakdown
and inadequacy of health systems and the lack of
resources. Unless ways are found to control this
disease, global efforts to improve health and child
survival, reduce poverty, increase security and
strengthen the most vulnerable societies will fail.
Malaria also poses risks to those traveling to or
working in endemic regions who normally live in
malaria free countries. The risks may be greater to
this traveler population because they do not have any
background immunity to malaria from natural exposure.
Another aspect of the risk incurred by a traveler to a
malaria endemic region is that the disease is often
mis-diagnosed in its early stages due to the flu-like
symptoms. When the severity increases and malaria is
finally diagnosed, it can be too late. Within afew
days of the increased symptoms, death can result, for
example, from cerebral malaria, or sometimes organ
(e.g. liver or kidney) failure. One of the most acute
forms of the disease is caused by the protozoan
parasite Plasmodiumfalciparum which is responsible for
most of the mortality attributable to malaria. Another
form of the disease is caused by Plasmodium vivax. P.
vivax is the most widespread of all malarias. In
addition to being present in tropical and sub-tropical
regions, the ability of the parasite to complete its
mosquito cycle at temperatures as low as 15 degrees
Celsius, has allowed it to spread in temperate
climates. However due to the fact that P. vivax
infection is rarely fatal, the efforts to control P.
vivax malaria (through vaccine development) are
lagging behind those for P.falciparum. An observation
made 30 years ago provides strong support for the
belief that an effective malaria vaccine will
eventually be developed. Mice and humans can be
protected against malaria by immunisation with live,
radiation-attenuated malaria sporozoites. The
persistence of intra-hepatic stage in vivo is required
to produce and maintain protective immunity, but the
underlying mechanisms have not yet been completely
defined. Antibodies, CD8 and CD4 T-cells (Hoffman,
1996) have been implicated as critical effector immune
mediators. The life cycle of Plasmodium sp
(eg.P.falciparum or P. vivax) is complex, requiring
two hosts, man and mosquito for completion. The
infection of man is initiated by the inoculation of
sporozoites in the saliva of an infected mosquito. The
sporozoites migrate to the liver and there infect
hepatocytes (liver stage) where they differentiate,
via the exoerythrocytic intracellular stage, into the
merozoite stage which infects red blood cells (RBC) to
initiate cyclical replication in the asexual blood
stage. The cycle is completed by the differentiation
of a number of merozoites in the RBC into sexual stage
gametocytes which are ingested by the mosquito, where
they develop through a series of stages in the midgut
to produce sporozoites which migrate to the salivary
gland.The sporozoite stage of Plasmodium sp
(eg.P.falciparum or P. vivax) has been identified as
one potential target of a malaria vaccine. The major
surface protein of the sporozoite is known as
circumsporozoite protein (CS protein). This protein
has been cloned, expressed and sequenced for a variety
of strains, for example for P.falciparum the NF54
strain, clone 3D7 (Caspers, 1989). The protein from
strain 3D7 is characterised by having a central
immunodominant repeat region comprising a tetrapeptide
Asn-Ala-Asn-Pro repeated 40 times but interspersed
with four minor repeats of the tetrapeptide
Asn-VaI-Asp-Pro. In other strains the number of major
and minor repeats varies as well as their relative
position. This central portion is flanked by an N and
C terminal portion composed of non-repetitive amino
acid sequences designated as the repeatless portion of
the CS protein. GlaxoSmithKline Biologicals' RTS S
malaria vaccine based on CS protein has been under
development since 1987 and is currently the most
advanced malaria vaccine candidate being studied
(Ballou, 2004). This vaccine specifically targets the
preerythrocytic stage o P.falciparum. RTS,S/AS02A
(RTS,S plus adjuvant AS02A which contains
immunostimulants QS21, 3D-MPL and an oil in water
emulsion) was used in consecutive Phase I studies
undertaken in The Gambia involving adults (Doherty,
1999), children aged 6-11 and 1-5 years (Bojang,
2005), which confirmed that the vaccine was safe,
well-tolerated and immunogenic. Subsequently a
paediatric vaccine dose was selected and studied in a
Phase I study involving Mozambican children aged 1-4
years where it was found to be safe, well tolerated
and immunogenic (Macete). The RTS,S/AS02A vaccine has
also shown evidence of efficacy in clinical trials in
the USA and in the field in West Africa. RTS,S/AS02A
induces significant IgG antibody responses to
P.falciparum circumsporozoite protein and substantial
T-cell immunity (Lalvani, 1999; Sun, 2003). Efficacy
against P.falciparum experimental challenge in
malaria-nave volunteers in the USA has been estimated
to be about 30-50% on average (Stoute, 1997; Stoute
1998; Kester, 2001) . The first of these studies
(Stoute, 1997) was86% effective in a small scale trial
in which 6 out of 7 individuals immunized with
RTS,S/AS02A were protected. Furthermore, a field study
of semi-immune adults in The Gambia (preceeded by a
safety study in Gambian adults (Doherty, 1999)) showed
an overall efficacy of 34% over a period of one
transmission season of 15 weeks, with 71% efficacy in
the first nine weeks of follow-up and 0% efficacy
thereafter (Bojang, 2001). These studies (Stoute,
1997; Stoute, 1998; Bojang, 2001; Kester, 2001) show
efficacy against infection. Results were recently
reported from a trial using RTS,S/AS02A in young
African children. It was discovered that the CS
protein based RTS,S vaccine can confer not only
protection against infection under natural exposure
but also protection against a wide spectrum of
clinical illness caused by P.falciparum. Children who
received the RTS S vaccine experienced fewer serious
adverse events, hospitalisations, and severe
complications from malaria, including death, than did
those in the control group (Alonso, 2004).
Furthermore, the RTS,S vaccine efficacy against both
new infections or clinical episodes appears either not
to wane or to do so slowly. At the end of the 6 months
follow up in the trial, the vaccine remained
efficacious as there was a significant difference in
the prevalence of infection. This is in contrast with
previous trials in malaria naive volunteers or Gambian
adults which suggested that vaccine efficacy with
RTS,S was short lived (Stoute, 1998; Bojang, 2001).
Furthermore, after an additional follow-up period of
12 months, it was observed that the efficacy of the
vaccine against an episode of clinical malaria did not
significantly wane (Alonso, 2005). Although the
vaccine formulation described above shows clinical
efficacy, additional improvements are still needed in
order to increase both the number of individuals
protected as well as the persistence of protection.
New adjuvant formulations such as a formulation which
contains QS21 and 3D-MPL in a liposome containing
formulation (referred to herein as adjuvant B) have
demonstrated a higher potency to boost T-cell immune
response in various pre-clinical and clinical
investigations.In particular, what is needed for a
vaccine for people who do not come from a malaria
endemic region but are traveling for a limited period
of time to regions where malaria is endemic, is better
protection against infection. Clinical manifestation
of malaria can only occur if there is a productive
infection of the liver leading to the formation of
merozoites and their release from the hepatic stage.
These merezoites can then infect RBC and initiate the
pathogenic blood stage of the parasite resulting in
symptomatic clinical malaria. If there is no
productive infection following exposure (i.e. no
infection of the liver and/or no release of liver
merozoites), then this is known as sterile immunity. A
vaccine that would significantly reduce the risk of a
productive liver infection, as defined above,
following mosquito bites would be highly desirable for
a traveler population that does not have pre-existing
immunity, because by preventing the productive hepatic
infection the vaccine would prevent any subsequent
clinical manifestation. This can be contrasted with
the aim of vaccine development targeting children or
people in endemic regions, where the major aim would
be to decrease the severity of disease and/or to
decrease the number of episodes of disease, but not
necessarily to prevent them completely. In theory, it
would not be possible to indefinitely maintain sterile
protection in people in endemic regions, and therefore
they need to build up their own immunity by exposure
to malaria infection. Furthermore, it may not be
advisable to confer sterile protection on people
living in endemic regions for an extended yet limited
period of time. We describe herein a challenge
clinical trial consisting of a head to head comparison
of RTS,S/AS02A versus RTS,S with a different adjuvant
(adjuvant B) which contains QS21 and 3D-MPL in a
formulation with cholesterol-containing liposomes, in
a malaria naive population (see Examples). Both T- and
B-cell mediated immunity were investigated. The
results show that in a malaria nave adult population
the RTS S antigen in combination with adjuvant B is
greater than 50% more effective at protecting against
productive hepatic infection following malaria
challenge than RTS,S/AS02A. Thus, the RTS S antigen in
combination with adjuvant B is more effective in terms
of the sterile protection which is required for
malaria naive individuals traveling to regions
wheremalaria is endemic. This increased efficacy
conferred by adjuvant B is associated with an
increased antigen specific immune response (antibodies
and CD4-Thl T-cells). 



Therefore the present invention provides the use of a
Plasmodium antigen or an immunogenic fragment or
derivative thereof and an adjuvant comprising a lipid
A derivative and a saponin in a liposome formulation,
in the manufacture of a medicament for immunising
travelers to endemic regions against productive
malaria infection. Generally, travelers to endemic
regions will be malaria nave. Thus, the invention
applies to malaria nave individuals. The invention is
particularly concerned with reducing the incidence of
productive malaria infections in travelers to endemic
regions, who may be any age but in particular adults.
A second aspect of the invention provides a
formulation comprising a Plasmodium antigen or an
immunogenic fragment or derivative thereof and an
adjuvant, comprising a lipid A derivative and a
saponin in a liposome formulation, for use in the
immunisation of travelers to endemic regions against
productive malaria infection. A third aspect of the
invention provides a method of prophylaxis of
productive malaria infection in travelers to endemic
regions comprising the administration of suitable
amounts of a formulation comprising a Plasmodium
antigen or an immunogenic fragment or derivative
thereof and an adjuvant, comprising a lipid A
derivative and a saponin in a liposome formulation. hi
one embodiment of the invention the Plasmodium antigen
is a P.falciparum antigen. In another embodiment of
the invention the Plasmodium antigen is a P. vivax
antigen. Suitably the antigen is a pre-erythrocytic
antigen.The antigen may for example be selected from
any antigen which is expressed on the sporozoite or
other pre-erythrocytic stage of the parasite such as
the liver stage. For example the antigen may be
selected from circumsporozoite (CS) protein, liver
stage antigen- 1 (LSA-I) (see eg WO2004/044167), liver
stage antigen-3 (LSA-3) (described e.g. in EP 0 570
489 and EP 0 833 917), Pfs 16kD (described in WO
91/18922 and EP 597 843), Exported antigen - 1 (Exp-1)
(described for example in Meraldi et al 2002, Parasite
Immunol vol 24(3): 141),
sporozoite-threonine-asparagine-rich protein (STARP),
sporozoite and liver stage antigen (SALSA),
thrombospondin related anonymous protein (TRAP)
(described in WO 90/01496, WO 91/1 1516 and WO 92/1
1868) and apical merezoite antigen- 1 (AMA-I)
(described in EP 0 372 019) which has recently been
shown to be present at the liver stage (in addition to
the erythrocytic stage). All of these antigens are
well known in the field. The antigen may be the entire
protein or an immunogenic fragment thereof or a
derivative of either of these. Immunogenic fragments
of malaria antigens are well know, for example the
ectodomain from AMA-I (described e.g. in WO
02/077195). Derivatives include for example fusions
with other proteins which may be malaria proteins or
non-malaria proteins such as HBsAg. Derivatives
according to the invention are capable of raising an
immune response against the native antigen. The
Plasmodium antigen may be fused to the surface antigen
from hepatitis B (HBsAg). One particular antigen for
use in the invention is derived from the
circumsporozoite (CS) protein and may be in the form
of a hybrid protein with HBsAg. The antigen may be the
entire CS protein or part thereof, including a
fragment or fragments of the CS protein which
fragments may be fused together. The CS protein based
antigen may be in the form of a hybrid protein
comprising substantially all the C-terminal portion of
the CS protein of Plasmodium, four or more tandem
repeats of the CS protein immunodominant region, and
the surface antigen from hepatitis B (HBsAg). The
hybrid protein may comprise a sequence which contains
at least 160 amino acids and which is substantially
homologous to the C-terminal portion ofthe CS protein.
In particular "substantially all" the C terminal
portion of the CS protein includes the C terminus
devoid of the hydrophobic anchor sequence. Further, in
the case of the antigen from Plasmodiumfalciparum, it
contains 4 or more eg 10 or more Asn- Ala-Asn-Pro
tetrapeptide repeat motifs. The CS protein may be
devoid of the last 12 amino-acids from the C terminal.
The hybrid protein for use in the invention may be a
protein which comprises a portion of the CS protein of
P.falciparum substantially as corresponding to amino
acids 207-395 of P.falciparum 3D7 clone, derived from
the strain NF54 (Caspers, 1989) fused in frame via a
linear linker to the N-terminal of HBsAg. The linker
may comprise a portion of preS2 from HBsAg. CS
constructs for use in the present invention are as
outlined in WO 93/10152. One particular construct is
the hybrid protein known as RTS as described in WO
93/10152 (wherein it is denoted RTS*) and WO 98/05355,
the whole contents of both of which are incorporated
herein by reference. A particular hybrid protein for
use in the invention is the hybrid protein known as
RTS which consists of:  A methionine-residue, encoded
by nucleotides 1059 to 1061, derived from the
Sacchromyes cerevisiae TDH3 gene sequence. (Musti,
1983).  Three amino acids, Met Ala Pro, derived from a
nucleotide sequence (1062 to 1070) created by the
cloning procedure used to construct the hybrid gene.
A stretch of 189 amino acids, encoded by nucleotides
1071 to 1637 representing amino acids 207 to 395 of
the circumsporozoite protein (CSP) of Plasmodium
falciparum strain 3D7 (Caspers, 1989). An amino acid
(GIy) encoded by nucleotides 1638 to 1640, created by
the cloning procedure used to construct the hybrid
gene.  Four amino acids, Pro VaI Thr Asn, encoded by
nucleotides 1641 to 1652, and representing the four
carboxy terminal residues of the hepatitis B virus
(adw serotype) preS2 protein (Valenzuela, 1979).  A
stretch of 226 amino acids, encoded by nucleotides
1653 to 2330, and specifying the S protein of
hepatitis B virus (adw serotype). The RTS may be in
the form of RTS,S mixed particles. The RTS,S particles
comprise two polypeptides RTS and S that may be
synthesized simultaneously and spontaneously form
composite particulate structures (RTS, S) e.g. during
purification. The RTS protein may be expressed in
yeast, for example S. cerevisiae. In such a host, RTS
will be expressed as lipoprotein particles. The
recipient yeast strain may already carry in its genome
several integrated copies of an hepatitis B S
expression cassette. The resulting strain synthesizes
therefore two polypeptides, S and RTS, that
spontaneously co-assemble into mixed (RTS,S)
lipoprotein particles. These particles may present the
CSP sequences of the hybrid at their surface. The RTS
and S in these mixed particles may be present at a
particular ratio, for example 1:4. The use of a
further malaria antigen or fragment or derivative
thereof in the invention is also encompassed within
the invention. Other pre-erythrocytic antigens such as
AMA-I, LSA-I, LSA-3 (described e.g. in EP 0 570 489
and EP 0 833 917) and Pfs 16kD, may be used in
combination with RTS,S. Alternatively RTS,S may be
used in combination with a blood stage antigen such as
merezoite surface protein- 1 (MSP-I) (described e.g.
in US 4,837,016), erythrocyte binding antigen-175
(EBA-175) or MSP-3 (described e.g. in EP 0 666
916).Immunogenic fragments of any of the antigens as
described herein will contain at least one epitope of
the antigen and display malaria antigenicity and are
capable of raising an immune response when presented
in a suitable construct, such as for example when
fused to other malaria antigens or other non-malaria
antigens, or presented on a carrier, the immune
response being directed against the native antigen.
Typically the immunogenic fragments contain at least
20, or at least 50, or at least 100 contiguous amino
acids from the malaria antigen. Derivatives of the
antigens or fragments as described herein will
similarly contain at least one epitope of the antigen
and display malaria antigenicity and are capable of
raising an immune response, the immune response being
directed against the native antigen. Derivatives
include for example fusions of the malaria antigen to
another protein which may or may not be another
malaria protein and may be, for example, HBsAg. In
accordance with the invention, an aqueous solution of
the purified hybrid protein may be used directly and
combined with the suitable adjuvant according to the
invention. Alternatively, the protein can be
lyophilized prior to mixing with the adjuvant. The
adjuvant may be a liquid and is thus used to
reconstitute the antigen into a liquid vaccine form.
Thus the invention further provides the use of a
Plasmodium antigen or an immunogenic fragment or
derivative thereof and an adjuvant comprising a lipid
A derivative and a saponin in a liposome formulation,
as described herein, in the manufacture of a kit for
immunising travelers to endemic regions against
malaria infection, wherein the antigen is provided in
lyophilised form and the antigen and the adjuvant are
mixed prior to administration. The vaccine dose in
accordance with the invention may be between 1-100 ug
RTS,S per dose, for example 25 to 75 ug RTS S, for
example a dose of 50 ug RTS,S protein, which may be
present in 500 ul (final liquid formulation). This is
a suitable dose for use inadults. A suitable dose for
use in children is half the adult dose, that is 25 ug
RTS,S, which may be present in 250 ul (final liquid
formulation). Similar doses may be used for other
antigens. In accordance with the invention the antigen
is combined with an adjuvant which comprises a lipid A
derivative and a saponin in a liposome formulation.
Suitable adjuvants according to the invention are
detoxified lipid A from any source and non-toxic
derivatives of lipid A, which are preferential
stimulators of a ThI cell response (also herein called
a ThI type response). An immune response may be
broadly divided into two extreme categories, being a
humoral or cell mediated immune response
(traditionally characterised by antibody and cellular
effector mechanisms of protection respectively). These
categories of response have been termed ThI -type
responses (cell-mediated response), and Th2-type
immune responses (humoral response). Extreme ThI -type
immune responses may be characterised by the
generation of antigen specific, haplotype restricted
cytotoxic T lymphocytes, and natural killer cell
responses. In mice ThI -type responses are often
characterised by the generation of antibodies of the
IgG2a subtype, whilst in the human these correspond to
IgGl type antibodies. Th2-type immune responses are
characterised by the generation of a range of
immunoglobulin isotypes including in mice IgGl It can
be considered that the driving force behind the
development of these two types of immune responses are
cytokines. High levels of ThI -type cytokines tend to
favour the induction of cell mediated immune responses
to the given antigen, whilst high levels of Th2-type
cytokines tend to favour the induction of humoral
immune responses to the antigen.The distinction of ThI
and Th2-type immune responses is not absolute, and can
take the form of a continuum between these two
extremes. 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 families of cytokines
in terms of that described in murine CD4 +ve T cell
clones by Mosmann and Coffman (Mosmann, 1989).
Traditionally, ThI -type responses are associated with
the production of the INF-gamma cytokines by
T-lymphocytes. Other cytokines often directly
associated with the induction of ThI -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-IO and tumour
necrosis factor-beta (TNF-beta). It is known that
certain vaccine adjuvants are particularly suited to
the stimulation of 



either ThI or Th2-type cytokine responses.
Traditionally, indicators of the Thl:Th2 balance of
the immune response after a vaccination or infection
include direct measurement of the production of ThI or
Th2 cytokines by T lymphocytes in vitro after
restimulation with antigen, and/or the measurement (at
least in mice) of the IgGl :IgG2a ratio of antigen
specific antibody responses. Thus, a Thl-type adjuvant
is one which stimulates isolated T-cell populations to
produce high levels of Thl-type cytokines when
re-stimulated with antigen in vitro, and induces
antigen specific immunoglobulin responses associated
with Thl-type isotype. Adjuvants which are capable of
preferential stimulation of the ThI cell response are
described in WO 94/00153 and WO 95/17209. It has long
been known that enterobacterial lipopolysaccharide
(LPS) is a potent stimulator of the immune system,
although its use in adjuvants has been curtailed by
its toxic effects. A non-toxic derivative of LPS,
monophosphoryl lipid A (MPL), produced by removal of
the core carbohydrate group and the phosphate from the
reducing-end glucosamine, has been described (Ribi,
1986) and has the following structure:A further
detoxified version of MPL results from the removal of
the acyl chain from the 3-position of the disaccharide
backbone, and is called 3-O-Deacylated monophosphoryl
lipid A (3D-MPL). It can be purified and prepared by
the methods taught in GB 2122204B, which reference
also discloses the preparation of diphosphoryl lipid
A, and 3- O-deacylated variants thereof. A particular
form of 3D-MPL for use in the present invention is in
the form of an emulsion having a small particle size
less than 0.2um in diameter, and its method of
manufacture is disclosed in WO 94/21292. Aqueous
formulations comprising monophosphoryl lipid A and a
surfactant have been described in WO98/43670. The
bacterial lipopolysaccharide derived adjuvants to be
used in the present invention may be purified and
processed from bacterial sources, or alternatively
they may be synthetic. For example, purified
monophosphoryl lipid A is described in Ribi et al
(Ribi, 1986), and 3-O-Deacylated monophosphoryl or
diphosphoryl lipid A derived from Salmonella sp. is
described in GB 222021 1 and US 4912094. Other
purified and synthetic lipopolysaccharides have been
described (Hilgers, 1986; Hilgers, 1987; EP 0 549
074Bl). One particular bacterial lipopolysaccharide
adjuvant for use in the invention is 3DMPL.
Accordingly, the LPS derivatives that may be used in
the present invention are those immunostimulants that
are similar in structure to that of LPS or MPL or
3D-MPL. hi another alternative the LPS derivatives may
be an acylated monosaccharide, which is a sub-portion
to the above structure of MPL. Saponins are also ThI
immunostimulants. Saponins are well known adjuvants (
Lacaille- Dubois, 1996). Suitable saponins for use in
the invention include immunologically active saponins
for example, Quil A (derived from the bark of the
South American tree Quillaja Saponaria Molina), and
immunologically active fractions thereof, are
described in US 5,057,540 and "Saponins as vaccine
adjuvants" (Kensil, 1996) and EP 0 362 279 Bl. The
haemolytic saponins QS21 and QS17 (HPLC purified
fractions of Quil A) have been described as potent
systemic adjuvants, and the method of their production
is disclosed in US Patent No. 5,057,540 and EP 0 362
279 Bl. Also described in these references is the use
of QS7 (a non-haemolytic fraction of Quil-A) which
acts as a potent adjuvant for systemic vaccines. Use
of QS21 is further described in Kensil et al. (Kensil,
1991). Combinations of QS21 and polysorbate or
cyclodextrin are also known (WO 99/10008). Particulate
adjuvant systems comprising fractions of QuilA, such
as QS21 and QS7 are described in WO 96/33739 and WO
96/1171 1. The lipopolysaccharide and saponin
immunostimulants described above for use in the
invention are formulated together with a liposome
carrier. For example, the carrier may comprise
cholesterol containing liposomes as described in WO
96/33739. Combinations of a monophosphoryl lipid A and
a saponin derivative are described in WO 94/00153; WO
95/17210; WO 96/33739; WO 98/56414; WO 99/12565; WO
99/1 1241, and the combination of QS21 and 3D-MPL is
disclosed in WO 94/00153.Thus, suitable adjuvant
systems for use in the invention include, for example,
a combination of a monophosphoryl lipid A, such as
3D-MPL, together with a saponin derivative,
particularly the combination of QS21 and 3D-MPL as
disclosed in WO 94/00153. The adjuvant system includes
a liposome carrier, for example cholesterolcontaining
liposomes, for example in a composition where the QS21
is quenched in cholesterol containing liposomes (DQ)
as disclosed in WO 96/33739. Thus the saponin such as
QS21 may also be present in or associated with the
membranes of the liposomes, as described in WO
96/33739. The 3D-MPL or other lipid A derivative may
be present either entrapped in the membrane of the
liposomes, or outside the liposomes, or both. One
particular adjuvant for use in the invention comprises
the two immunostimulants QS21 and 3D-MPL, in a
formulation with cholesterol-containing liposomes, in
which the 3D-MPL is entrapped within the liposomes and
the QS21 is associated with the liposomes. The amount
of the protein of the present invention present 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 which specific adjuvant.
Generally, it is expected that each dose will comprise
1-lOOOug of protein, for example 1-200 ug, for example
10- lOOug. An optimal amount for a particular vaccine
can be ascertained by standard studies involving
observation of antibody titres and other responses in
subjects. A suitable vaccination schedule for use with
the invention is a primary course prior to travel to a
malaria endemic region which may be completed for
example at least 2-4 weeks prior arrival in the
region. This primary course may involve between 1 and
3 doses, for example 2 or 3 doses, administered with
an interval of at least 7 days, or between 1 and 4
weeks or for example a month between doses. A primary
vaccination course may be followed by repeated boosts
every six months for as long as a risk of infection
exists. Periodic booster vaccinations may then be
appropriate prior to repeattravel to endemic regions.
Suitable amounts of RTS5S protein per dose are as
given herein above. The vaccines of the invention may
be administered by any of a variety of routes such as
oral, topical, subcutaneous, mucosal (typically
intravaginal), intraveneous, intramuscular,
intranasal, sublingual, intradermal and via
suppository. The invention may be further used in a
heterologous prime-boost regimen. Instead of or in
addition to repeat doses of the RTS,S or other
polypeptide containing composition, a different form
of the vaccine may be administered in a heterologous
"prime-boost" vaccination regime. The priming
composition and the boosting composition will have at
least one antigen in common, although it is not
necessarily an identical form of the antigen; it may
be a different form of the same antigen. Prime-boost
immunisations according to the invention may be
performed with a combination of protein and
polynucleotide, particularly DNA-based formulations.
Such a strategy is considered to be effective in
inducing broad immune responses. Adjuvanted protein
vaccines induce mainly antibodies and T helper immune
responses, while delivery of DNA as a plasmid or a
live vector induces strong cytotoxic T lymphocyte
(CTL) responses. Thus, the combination of protein and
DNA vaccination will provide for a wide variety of
immune responses. Thus the invention further provides
the use of a Plasmodium antigen or an immunogenic
fragment or derivative thereof and an adjuvant
comprising a lipid A derivative and a saponin in a
liposome formulation, as described herein, together
with a polynucleotide encoding the Plasmodium antigen
or an immunogenic fragment or derivative thereof, in
the manufacture of a pharmaceutical kit for immunising
travelers to endemic regions against productive
malaria infection.The invention also provides for a
kit comprising a Plasmodium antigen or an immunogenic
fragment or derivative thereof provided in lyophilised
form, an adjuvant comprising a lipid A derivative and
a saponin in a liposome formulation, and instructions
specifying that the antigen, adjuvant, and optionally
a further carrier, are to be mixed prior to
administration to a traveler to an endemic region,
thereby protecting said traveler against productive
malaria infection. Thus where RTS S or another
polypeptide based on CS protein is used as the
polypeptide component of a prime-boost regimen, the
polynucleotide component will encode CS protein or an
immunogenic fragment or derivative thereof. The DNA
may be delivered as naked DNA such as plasmid DNA, or
in the form of a recombinant live vector. Live vectors
for use in the invention may be replication defective.
Examples of live vectors which may be used are
poxvirus vectors including modified poxvirus vectors,
for example Modified Virus Ankara (MVA), alphavirus
vectors for example Venezuelian Equine Encephalitis
virus vectors, or adenovirus vectors for example a
non-human adenovirus vector such as a chimpanzee
adenovirus vector, or any other suitable live vector.
A suitable adenovirus for use as a live vector in a
prime boost vaccine according to the invention is a
low sero-prevalent human adenovirus such as Ad5 or
Ad35 or a non-human originating adenovirus such as a
non-human primate adenovirus such as a simian
adenovirus. The vectors may be replication defective.
Typically these viruses contain an El deletion and can
be grown on cell lines that are transformed with an El
gene. Suitable simian adenoviruses are viruses
isolated from chimpanzee. In particular C68 (also
known as Pan 9) (See US patent No 6083 716) and Pan 5,
6 and Pan 7 (WO 03/046124) may be used in the present
invention. These vectors can be manipulated to insert
a heterologous polynucleotide according to the
invention such that the polypeptides according to the
invention may be expressed. The use, formulation and
manufacture of such recombinant adenoviral vectors is
described in detail in WO 03/046142.Protein antigens
may be injected once or several times followed by one
or more DNA administrations, or DNA may be used first
for one or more administrations followed by one or
more protein immunisations. It may be beneficial to
administer DNA first, followed by protein. Thus a
particular example of prime-boost immunisation
according to the invention involves priming with a
single dose of a polynucleotide in the form of a
recombinant live vector such as any of those described
above, followed by boosting with one or more doses,
for example 2 or 3 doses, of the adjuvanted protein
such as RTS,S with an adjuvant described herein. The
polynucleotide encodes the same protein (e.g. CS
protein) or an immunogenic fragment or derivative
thereof. Thus the invention further provides a
pharmaceutical kit comprising a) a Plasmodium antigen
or an immunogenic fragment or derivative thereof and
an adjuvant comprising a lipid A derivative and a
saponin in a liposome formulation, and b) a
polynucleotide encoding the Plasmodium antigen or an
immunogenic fragment or derivative thereof; wherein a)
and b) are for use sequentially in any order, but
particularly wherein b) is used as the prime and a) is
used as the boost. The invention also provides for
instructions with said kit, specifying that, in
respect of a), the antigen, adjuvant, and optionally a
further carrier, are to be mixed prior to
administration to a traveler to an endemic region. The
composition a) may be any polypeptide composition as
described herein, in a suitable adjuvant as described
herein. For example a) may be a composition comprising
RTS,S and an adjuvant comprising QS21 and 3D-MPL in a
liposome formulation, and b) may be a live vector as
described herein such as an adenovirus vector e.g. a
chimpanzee adenovirus vector, encoding CS protein or
an immunogenic fragment or derivative 



thereof.Both the priming composition and the boosting
composition may be delivered in more than one dose.
Furthermore the initial priming and boosting doses may
be followed up with further doses which may be
alternated to result in e.g. a DNA prime / protein
boost / further DNA dose / further protein dose.
Appropriate pharmaceutically acceptable diluents or
excipients for use in the invention are well known in
the art and include for example water or buffers.
Vaccine preparation is generally described (Powell,
1995; Voller, 1978). Encapsulation within liposomes is
described, for example, by Fullerton, U.S. Patent
4,235,877. Conjugation of proteins to macromolecules
is disclosed, for example, by Likhite, U.S. Patent
4,372,945 and by Armor et al., U.S. Patent 4,474,757.
In another aspect the invention provides a method for
determining whether an individual is protected against
malaria following administration of a malaria antigen
composition, in particular a pre-erythrocytic malaria
antigen composition, to the individual, which method
comprises measuring the level of CD4 T cells raised in
the individual specific for the malaria antigen. Also
there is provided a method for determining whether an
individual is protected against malaria following
administration of a malaria antigen composition, in
particular a pre-erythrocytic malaria antigen
composition, to the individual, which method comprises
measuring the concentration of antibodies raised in
the individual specific for the malaria antigen. In a
further aspect the invention provides a method for
assessing the efficacy of a candidate vaccine,
particularly a pre-erythrocytic candidate vaccine, in
the prevention of malaria, which method comprises
measuring the level of CD4 cells raised in an
individual against the candidate vaccine.. Also there
is provided a method for assessing the efficacy of a
candidate vaccine, particularly a pre-erythrocytic
candidate vaccine, in the prevention of malaria, which
method comprises measuring the concentration of
specific antibodies raised in an individual against
the candidate vaccine. In a more specific embodiment
this vaccine comprises a Plasmodium antigen or an
immunogenicfragment or derivative thereof and an
adjuvant comprising a lipid A derivative and a saponin
in a liposome formulation Examples Example 1:
Vaccination using RTS,S and Adjuvant B and
experimental malaria challenge. The Vaccines RTS,S:
RTS is a 5 1 kDa hybrid polypeptide chain of 424 amino
acids (a.a.), consisting of 189 amino acids derived
from a sporozoite surface antigen (the CS protein
central tandem repeat and carboxyl-terminal regions,
189 amino acids in total) of the malaria parasite
P.falciparum strain NF54 (the CSP antigen, a.a. 207 to
395), fused to the amino terminal end of the hepatitis
B virus S protein. S is a 24 kDa polypeptide (226
amino acids long) corresponding to the surface antigen
of hepatitis B virus (HBsAg), and is the antigen used
in the GSK Biologicals Engerix-B(r) vaccine. The two
proteins are produced intracellularly in yeast (S.
cerevisiae) and spontaneously assemble into mixed
polymeric particulate structures that are each
estimated to contain approximately 100 polypeptides.
The preparation of RTS,S is described in WO 93/10152.
A full dose of RTS,S/AS02A (GlaxoSmithKline
Biologicals, Rixensart, Belgium) contains 50 ug of
lyophilised RTS S antigen reconstituted in 500 uL of
AS02A adjuvant - oil in water emulsion containing the
immunostimulants 3D-MPL(r) (GlaxoSmithKline
Biologicals, Montana, USA) and QS21, 50 ug of each. A
full dose of RTS,S/Adjuvant B (GlaxoSmithKline
Biologicals, Rixensart, Belgium) contains 50ug of
lyophilised RTS,S antigen reconstituted in 500 uL of
adjuvant Bcontaining the immunostimulants 3D-MPL(r)
and QS21 (50 ug of each) in a formulation with
cholesterol-containing liposomes. The liposomes can be
prepared from a mixture of de-oleic
phosphatidylcholine (DOPC), cholesterol and 3D-MPL in
organic solvent, wherein the mixture is dried down. An
aqueous solution is then added to suspend the lipid.
The suspension is microfluidised until the liposome
size is reduced to be sterile filterable through a 0.2
um filter. Typically the cholesterol:
phosphatidylcholine ratio is 1:4 (w/w), and the
aqueous solution is added to give a final cholesterol
concentration of 5 to 50 mg/ml. QS21 is added to the
cholesterol-containing liposomes. Methodology This
clinical trial has evaluated the safety,
reactogenicity, immunogenicity and preliminary
efficacy of a malaria vaccine containing the antigen
RTS,S adjuvanted with either AS02A or adjuvant B. 103
subjects were recruited into two cohorts and were
randomized to receive 3 doses of either vaccine
according to a 0, 1, 2 month vaccination schedule.
Because of the large numbers of subjects involved, the
cohorts were recruited and challenged sequentially.
For each cohort, volunteers were requested to undergo
a standardised primary malaria challenge (Chulay,
1986) two to four weeks following third dose. The
primary challenge involved allowing five P.falciparum
sporozoite infected Anophelese stevensi mosquitos to
feed on each challenge volunteer for a period of five
minutes. For each cohort, twelve unvaccinated control
volunteers were also challenged Approximately six
months after the primary challenge, volunteers who
were protected at the primary challenge were asked to
undergo a repeat challenge. No additional doses of
vaccine were administered between challenges. The
repeat challenge was carried out as for the primary
challenge. For each cohort, six unvaccinated control
volunteers were also challenged.After each challenge
subjects were followed daily for a period of at least
30 days to assess whether they had become infected
with malaria. The principle method of detecting
infection was an evaluation of a Giesma-stained
peripheral blood smear to detect asexual stage
parasites by light microscopy. This indicates that a
subject has undergone a productive infection, with
parasites having been released from the liver and
progressed to erythrocytic stage. Thus sterile
protection against challenge has not been achieved. At
the first sign of infection subjects were declared to
be positive for malaria and received a curative dose
of chloroquine. The primary efficacy readout was
sterile protection, that is the subject never
developed asexual stage parasitaemia. In addition the
time between the challenge and the appearance of
parasitaemia in those that were not fully protected
was recorded. In addition, peripheral blood
mononuclear cell (PBMC) samples were collected at
prevaccination, at 2-weeks post II and at 14-28 days
post III vaccination (Day of challenge: DOC). PBMCs
samples were used to evaluate CD4 and CD8 T-cell
responses by cytokine flow cytometry. The latter
technology allows the quantification of T-cells
specific to a given antigen. Antigen-specific CD4 and
CD8 T cells were enumerated by flow cytometry
following conventional immunofluorescence labeling of
cellular phenotype as well as intracellular cytokines
production. Briefly, peripheral blood antigen-specific
CD4 and CD8 T cells can be restimulated in vitro to
produce IL-2, CD40L, TNF-alpha or IFNgamma when
incubated with their corresponding antigen. Both HBs
(hepatitis B surface antigen) and CSP pools of peptide
were used as antigens to restimulate antigen-specific
T cells. Results were expressed as a frequency of CD4
or CD8 T-cells expressing at least two different
cytokines among CD40L, IL-2, TNF-alpha, or IFN-gamma
within the CD4 or CD8 T cell sub-population. Antibody
levels are determined by evaluating antibody (IgG)
responses to the P. falciparum CS-repeat region as
measured using standard ELISA methodologies with the
recombinant protein R32LR as capture antigen. Briefly,
the R32LR protein[corresponding to the repeated region
(NANP) of the Plasmodium falciparum circumsporozoite
protein (CSP)] is coated onto a 96-well plates. After
saturation of the plates, the serum samples serial
dilutions are added directly to the plates. Antibodies
to R32LR present in the serum sample will bind to the
pre-coated R32LR. The plates are washed. A peroxidase
labeled Goat anti-Human IgG(g)antibody is added, and
it will bind to anti-CS IgG antibodies. After another
washing step, the addition of a chromogen substrate
solution specific for the peroxidase provides a mean
of detecting anti-CS IgG bound to the pre-coated
antigen. The peroxidase catalyses a color reaction.
The intensity of the color formed is proportional to
the titre of the anti-CS IgG antibodies contained in
the serum. Anti-repeat antibody levels are determined
relative to a known serum standard run on each plate,
and are expressed in mg/ml. Results Cohort 1: Cohorts
1 & 2 combined for primary challenge:Thus in this
trial, adjuvant B was found to be more effective at
protecting naive individuals against malaria
infection. 50% of individuals challenged from the
adjuvant B group were protected compared to 32% of
individuals challenged from the AS02A group. This
represents an improvement in protection between the
two adjuvants of greater than 50%. Furthermore, in
cohort 1, adjuvant B was found to be significantly
more potent than AS02A to induce CD4 T-cell responses
directed against antigens present in RTS5S (Figure 1.
p=0.01663). The combined data for cohorts 1 and 2 was
less significant (Figure 2. p=0.07). Before
vaccination, there were no detectable CD4/CD8 T-cell
responses directed against HBs or CSP. In contrast, at
2-week post II vaccination as well as 2-week post III
vaccination (DOC: day of challenge), HBs- and
CSP-specific CD4 T-cells were detected in most
individuals vaccinated with both formulations. At the
same time points, no detectable CDS T-cell response
was observed. These observations demonstrate that the
assay used for T-cell immuno-monitoring is specific
and sensitive, which is a prerequisite to perform
formal comparison between groups having received
different vaccine formulations. Figure 1 shows that
individuals from cohort 1 vaccinated with
RTS,S/adjuvant B have a higher frequency of
CSP-specific CD4 T-cells compared to those vaccinated
with RTS,S/AS02A both at 2-week post II and post III
vaccination (DOC). A similar conclusion can be drawn
for HBs-specific CD4 T-cells producing IFN-gamma
andanother cytokine among IL-2, CD40L, TNF-alpha at
2-week post II vaccination (data not shown). Figure 2
shows the same study as Figure 1, except that it
incorporates the data from both cohorts. In Figures 1&
2, results are expressed as a frequency of CD4 T-cells
expressing at least two different cytokines among
CD40L, IL-2, TNF-alpha, or IFN-gamma within 106 CD4
T-cells. A similar picture can be seen in terms of
anti-CSP specific antibody responses. From Figure 5 it
can be seen that the concentration of antibodies
raised in response to RTS,S/Adjuvant B was
significantly greater than the concentration raised in
response to RTS,S/AS02A (see particularly DOC - 2
weeks post III vaccination (P = 0.00793), but an
effect is noticeable 2 weeks post II vaccination).
Results are expressed as geometric mean concentration
(GMC). Pre refers to the initial time point, before
any doses are administered. Ml refers to the time
point 2 weeks after the first dose. M2 refers to the
time point 2 weeks after the second dose. DOC refers
to the 'Date of Challenge', which is 2 weeks after the
third dose. Protection against malaria challenge is
associated with a significant higher CD4 T-cell
response and specific antibody response to CSP. 



Increased immunogenicity of RTS,S/adjuvant B compared
to RTS,S/AS02A does not necessary imply that it will
translate into a biologically relevant effect.
However, individuals vaccinated with RTS,S/adjuvant B
in this trial have shown increased level of protection
(18 out of 36 individuals: 50%) against malaria
challenge compared to those vaccinated with
RTS,S/AS02A (14 out of 44 individuals: 32%). A
possible link between amplitude of CD4 T-cell response
and protection to malaria has been therefore found.If
the above hypothesis is true, protected individuals
should have a higher CD4 T-cell response than
individuals vaccinated with RTS,S/AS02A or even
RTS,S/adjuvant B. Figures 3 and 4, for the 1st cohort
and the combined cohorts respectively (with both
adjuvant groups pooled), clearly confirm the above
hypothesis and support the idea that CSP-specific CD4
T-cells play a significant role in protection.
Consistently, statistical analysis made on samples
collected at 2-week post II as well as 2-week post III
vaccination demonstrate that the difference in
frequency between protected and non protected
individuals is statistically significant. In Figures 3
and 4 results are expressed as a frequency of CD4
T-cells expressing at least two different cytokines
among CD40L, IL-2, TNF-alpha, or IFN-gamma within 106
CD4 T-cells. Immunogenicity analysis also indicates
that, in contrast to CSP-specific CD4 Tcells,
HBs-specific CD4 T-cells are not associated with
protection against malaria at 2- week post II as well
as 2-week post III vaccination (p=0.14 and p=0.053,
receptively). This further consolidates the relevance
of the above results and strongly suggests that
protection is specifically linked with the presence of
CD4 T-cells capable of recognizing CSP but not HBs
peptides. Finally, since there is no detectable CD8
T-cell response, it can also be concluded that, most
likely, malaria pre-erythrocytic stage protection
conferred by RTS,S adjuvanted with adjuvant B or AS02A
is not likely due to induction of CSP-specific CD8
T-cells following vaccination. A similar picture is
observed from monitoring anti-CSP antibody responses.
Figure 6 shows antibody concentrations in protected
and unprotected individuals (results relate to both
cohorts with both adjuvant groups pooled). It is clear
that those individuals who are protected show a
significantly higher antibody concentration than those
who are not protected (P <0.0001). DiscussionThe above
results clearly demonstrate that an association
between CSP-specific CD4 Tcell and antibody responses
on the one hand and protective status on the other
hand against malaria challenge exists. The mechanism
by which CSP-specific CD4 T-cells or antibodies would
exert an anti-parasitic effect is not known. However,
analysis also clearly identified a minority of
individuals having a high CD4 T-cell or high antibody
response that are not protected. This means that
strong CD4 T-cell response or high antibody response
to CSP do not alone predict protection against malaria
challenge. Different technologies have been developed
to monitor T-cell responses such as
lymphoproloferation, cytokine secretion, tetramer
staining, elipsot or cytokine flow cytometry. The
latter has been recently selected as the lead
technology on the basis of excellent
repeatability/reproducibility data as well as relevant
marker detection (CD4, CD8, CD40L, IL-2, TNF, IFNg). A
specific analytical methodology has also been
identified, which resolves the high background issue
often seen with cytokine flow cytometry approaches.
The present report demonstrates the feasibility of
using cytokine flow cytometry for robust monitoring of
T-cell responses in a human clinical trial.
Furthermore, it also demonstrates that it is possible
to identify a marker of protection that is not
directly linked to humoral immunity. Although adjuvant
B has been demonstrated to be significantly more
potent than AS02A formulation to induce CSP-specific
CD4 T-cells and antibodies, the difference in terms of
frequency of CD4 T-cells and antibody concentrations
is relatively modest and one could have concluded that
it might not be relevant biologically. Data obtained
in this clinical trial allow formal assessment of the
biological relevance of such differences using
protection against malaria data as a biologically
relevant marker. Analysis clearly indicates that
modest but significant differences between adjuvant in
terms of T-cell frequencies and antibody
concentrations translate into significantly higher
degree of protection against malaria challenge.
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U.S.A.Claims 1. The use of a Plasmodium antigen or an
immunogenic fragment or derivative thereof and an
adjuvant comprising a lipid A derivative and a saponin
in a liposome formulation, in the manufacture of a
medicament for immunising travelers to endemic regions
against productive malaria infection. 2. The use
according to claim 1 wherein the Plasmodium antigen is
the circumsporozoite (CS) protein or an immunogenic
fragment or derivative thereof capable of raising an
immune response against Plasmodium. 3. The use
according to claim 2 wherein the CS protein or
fragment is fused to the surface antigen from
hepatitis B (HBsAg). 4. The use according to claim 3
wherein the CS protein or fragment is in the form 



of a hybrid protein comprising substantially all the
C-terminal portion of the CS protein of Plasmodium,
four or more tandem repeats of the CS protein
immunodominant region, and the surface antigen from
hepatitis B (HBsAg). 5. The use according to any one
of claims 1 to 4, wherein the hybrid protein comprises
a sequence of CS protein of P.falciparum substantially
as corresponding to amino acids 207-395 of
P.falciparum NF54 strain 3D7 clone CS protein fused in
frame via a linear linker to the N-terminal of HBsAg.
6. The use according to claim 5 wherein the hybrid
protein is RTS. 7. The use according to claim 6
wherein the RTS is in the form of mixed particles
RTS,S.8. The use according to claim 7 wherein the
amount of RTS,S is 25 or 50 ug per dose. 9. The use
according to any one of claims 1 to 8 wherein the
adjuvant comprises 3D-MPL and QS21. 10. The use
according to claim 9 wherein the QS21 is quenched in
cholesterol containing liposomes. 11. The use
according to any one of claims 1-10, in conjunction
with a polynucleotide encoding the Plasmodium antigen
or an immunogenic fragment or derivative thereof,
wherein the antigen/adjuvant mixture and the
polynucleotide are for use sequentially in any order.
12. The use according to claim 11, wherein the
polynucleotide is used first. 13. A formulation
comprising a Plasmodium antigen or an immunogenic
fragment or derivative thereof and an adjuvant,
comprising a lipid A derivative and a saponin in a
liposome formulation, for use in the immunisation of
travelers to endemic regions against productive
malaria infection. 14. A formulation according to
claim 13 wherein the Plasmodium antigen is the
circumsporozoite (CS) protein or an immunogenic
fragment or derivative thereof capable of raising an
immune response against Plasmodium. 15. A formulation
according to claim 14 wherein the CS protein or
fragment is fused to the surface antigen from
hepatitis B (HBsAg). 16. A formulation according to
claim 15 wherein the CS protein or fragment is in the
form of a hybrid protein comprising substantially all
the C-terminal portion of the CSprotein of Plasmodium,
four or more tandem repeats of the CS protein
immunodominant region, and the surface antigen from
hepatitis B (HBsAg). 17. A formulation according to
any one of claims 13 to 16, wherein the hybrid protein
comprises a sequence of CS protein of P.falciparum
substantially as corresponding to amino acids 207-395
of P.falciparum NF54 strain 3D7 clone CS protein fused
in frame via a linear linker to the N-terminal of
HBsAg. 18. A formulation according to claim 17 wherein
the hybrid protein is RTS. 19. A formulation according
to claim 18 wherein the RTS is in the form of mixed
particles RTS,S. 20. A formulation according to claim
19 wherein the amount of RTS,S is 25 or 50 ug per
dose. 21. A formulation according to any one of claims
13 to 20 wherein the adjuvant comprises 3D-MPL and
QS21. 22. A formulation according to claim 2 1 wherein
the QS21 is quenched in cholesterol containing
liposomes. 23. A formulation of any one of claims 13
to 22, for use as part of a prime/boost regime,
wherein an additional part comprises a polynucleotide
encoding the Plasmodium antigen or an immunogenic
fragment or derivative thereof, wherein the
antigen/adjuvant mixture and the polynucleotide are
for use sequentially in any order. 24. The formulation
according to claim 23, wherein the polynucleotide is
used first. 25. A method for the prophylaxis of
productive malaria infection in travelers to endemic
regions comprising the administration of suitable
amounts of a formulationcomprising a Plasmodium
antigen or an immunogenic fragment or derivative
thereof and an adjuvant, comprising a lipid A
derivative and a saponin in a liposome formulation.
26. A method according to claim 25 wherein the
Plasmodium antigen is the circumsporozoite (CS)
protein or an immunogenic fragment or derivative
thereof capable of raising an immune response against
Plasmodium. 27. A method according to claim 26 wherein
the CS protein or fragment is fused to the surface
antigen from hepatitis B (HBsAg). 28. A method
according to claim 27 wherein the CS protein or
fragment is in the form of a hybrid protein comprising
substantially all the C-terminal portion of the CS
protein of Plasmodium, four or more tandem repeats of
the CS protein immunodominant region, and the surface
antigen from hepatitis B (HBsAg). 29. A method
according to any one of claims 25 to 28, wherein the
hybrid protein comprises a sequence of CS protein of
P.falciparum substantially as corresponding to amino
acids 207-395 of P.falciparum NF54 strain 3D7 clone CS
protein fused in frame via a linear linker to the
N-terminal of HBsAg. 30. A method according to claim
29 wherein the hybrid protein is RTS. 31. A method
according to claim 30 wherein the RTS is in the form
of mixed particles RTS,S. 32. A method according to
claim 31 wherein the amount of RTS,S is 25 or 50 ug
per dose. 33. A method according to any one of claims
25 to 32, wherein the adjuvant comprises 3D-MPL and
QS21.34. A method according to claim 33 wherein the
QS21 is quenched in cholesterol containing liposomes.
35. A method according to any one of claims 25 to 34
further comprising the administration of a
polynucleotide encoding the Plasmodium antigen or an
immunogenic fragment or derivative thereof, for use in
a prime/boost regime. 36. The method according to
claim 35, wherein the polynucleotide is used first.
37. The use of a Plasmodium antigen or an immunogenic
fragment or derivative thereof and an adjuvant
comprising a lipid A derivative and a saponin in a
liposome formulation, in the manufacture of a kit for
immunising travelers to endemic regions against
malaria infection, wherein the antigen is provided in
lyophilised form and the antigen and the adjuvant are
mixed prior to administration. 38. The use according
to claim 37 wherein the Plasmodium antigen is the
circumsporozoite (CS) protein or an immunogenic
fragment or derivative thereof capable of raising an
immune response against Plasmodium. 39. A kit
comprising;  a Plasmodium antigen or an immunogenic
fragment or derivative thereof provided in lyophilised
form, an adjuvant comprising a lipid A derivative and
a saponin in a liposome formulation, and  instructions
specifying that the antigen, adjuvant, and optionally
a further carrier, are to be mixed prior to
administration to a traveler to an endemic region,
thereby protecting said traveler against productive
malaria infection. 40. A kit according to claim 39,
further comprising a polynucleotide encoding the
Plasmodium antigen or an immunogenic fragment or
derivative thereof;wherein the antigen/adjuvant
mixture and the polynucleotide are for use
sequentially in any order, but particularly wherein
the polynucleotide is used as the prime and the
antigen/adjuvant mixture is used as the boost. 4 1. A
kit according to claims 39 or 40 wherein the
Plasmodium antigen is the circumsporozoite (CS)
protein or an immunogenic fragment or derivative
thereof capable of raising an immune response against
Plasmodium. 42. A method for assessing the efficacy of
a candidate vaccine, in particular a preerythrocytic
candidate vaccine, in the prevention of malaria, which
method comprises measuring the level of CD4 cells
raised in an individual against the candidate vaccine.
43. A method for assessing the efficacy of a candidate
vaccine, in particular a preerythrocytic candidate
vaccine, in the prevention of malaria, which method
comprises measuring the concentration of specific
antibodies raised in an individual against the
candidate vaccine. 44. A method according to claim 42
or claim 43, wherein the vaccine comprises a
Plasmodium antigen or an immunogenic fragment or
derivative thereof and an adjuvant comprising a lipid
A derivative and a saponin in a liposome formulation.
45. A method for determining whether an individual is
protected against malaria following administration of
a malaria antigen composition, in particular a
preerythrocytic malaria antigen composition, to the
individual, which method comprises measuring the level
of CD4 T cells raised in the individual specific for
the malaria antigen. 46. A method for determining
whether an individual is protected against malaria
following administration of a malaria antigen
composition, in particular a preerythrocytic malaria
antigen composition, to the individual, which method
comprisesmeasuring the concentration of antibodies
raised in the individual specific for the malaria
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