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DESCRIPTION

TECHNICAL FIELD

[0001] This invention is in the field of vaccines, particularly against meningococcal infection and
disease.

BACKGROUND ART

[0002] Neisseria meningitidis is a Gram negative human pathogen. It colonises the pharynx,
causing meningitis and, occasionally, septicaemia in the absence of meningitis. It is closely related to
N.gonorrhoeae, although one feature that clearly differentiates meningococcus is the presence of a
polysaccharide capsule that is present in all pathogenic meningococci.

[0003] 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). Group A is the pathogen most often
implicated in epidemic disease in sub-Saharan Africa. Serogroups B and C are responsible for the
vast majority of cases in USA and in most developed countries. Serogroups W135 and Y are
responsible for the remaining cases in USA and developed countries.

[0004] Capsular polysaccharides from N.meningitidis are typically prepared by a process
comprising the steps of polysaccharide precipitation (e.g. using a cationic detergent), ethanol
fractionation, cold phenol extraction (to remove protein) and ultracentrifugation (to remove LPS) [e.g.
ref. 1].

[0005] A tetravalent vaccine of capsular polysaccharides from serogroups A, C, Y and W135 has
been known for many years [2, 3] and has been licensed for human use. Although effective in
adolescents and adults, it induces a poor immune response and short duration of protection and
cannot be used in infants [e.g. 4] . This is because polysaccharides are T cell-independent antigens
that induce a weak immune response that cannot be boosted. The polysaccharides in this vaccine
are not conjugated and are present at a 1:1:1:1 ratio [5]. MENCEVAX ACWY™ contains 50ug of
each purified polysaccharide once reconstituted from its lyophilised form.

[0006] Conjugated serogroup C oligosaccharides have also been approved for human use [e.g.
Menjugate™; ref. 6]. There remains, however, a need for improvements in conjugate vaccines
against serogroups A, W135 and Y, and in their manufacture.

[0007] EP 0 072 513 B1 describes a process for the preparation of purified bacterial capsular
antigenic polysaccharides, the obtained products and their use. Scott JE (1965) (Methods in
Carbohydrate Chemistry pages 38-44) describes fractionation by precipitation with quaternary
ammonium salts. Scott JE (1961) (Methods of Biochemical Analysis vol VIII pages 145-197)
describes aliphatic ammonium salts in the assay of acidic polysaccharides from tissues.

DISCLOSURE OF THE INVENTION
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[0008] The invention provides a process for purifying a bacterial capsular polysaccharide,
comprising the steps of (a) precipitation of the polysaccharide, (b) solubilisation of the precipitated
polysaccharide using an alcohol, (c) treating the polysaccharide obtained in step (b) to remove
contaminants using one or more steps of size filtration or ultrafiltration, then (d) precipitating the
polysaccharide obtained in step (c) by exchanging cations, wherein step (a) uses one or more

cationic detergents have the following general formula:
Ry

I
Ry — N' R, X

|
R;

wherein: R4, Ro and Rj are the same or different and each signifies alkyl or aryl; or Ry and R»

together with the nitrogen atom to which these are attached form a 5- or 6-membered saturated
heterocyclic ring, and Rj signifies alkyl or aryl; or R4, Ry and Rj together with the nitrogen atom to

which these are attached form a 5- or 6-membered heterocyclic ring, unsaturated at the nitrogen
atom,

R4 signifies alkyl or aryl, and

X signifies an anion.

Precipitation and ethanol solubilisation

[0009] Many techniques for precipitating soluble polysaccharides are known in the art. Preferred
methods use one or more cationic detergents. The detergents preferably have the following general

formula:
Ry
|
Ry— N'—R, X
|
Ry

wherein: R4, Ro and Rj are the same or different and each signifies alkyl or aryl; or Ry and R»

together with the nitrogen atom to which these are attached form a 5- or 6-membered saturated
heterocyclic ring, and R3 signifies alkyl or aryl; or R4, Ry and Rj together with the nitrogen atom to

which these are attached form a 5- or 6-membered heterocyclic ring, unsaturated at the nitrogen
atom,

R4 signifies alkyl or aryl, and

X signifies an anion.
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[0010] Particularly preferred detergents for use in the method are tetrabutylammonium and
cetyltrimethylammonium salts (e.g. the bromide salts). Cetyltrimethylammonium bromide ('CTAB') is
particularly preferred [8]. CTAB is also known as hexadecyltrimethylammonium bromide,
cetrimonium bromide, Cetavlon and Centimide. Other detergents include hexadimethrine bromide
and myristyltrimethylammonium salts.

[0011] Capsular polysaccharides are released into media during culture. Accordingly, the starting
material for precipitation will typically be the supernatant from a centrifuged bacterial culture or will
be a concentrated culture.

[0012] The precipitation step may be selective for polysaccharides, but it will typically also co-
precipitate other components (e.g. proteins, nucleic acid etc.).

[0013] Precipitated polysaccharide may be collected by centrifugation prior to solubilisation.

[0014] After precipitation, the polysaccharide (typically in the form of a complex with the cationic
detergent) is re-solubilised. It is preferred to use a solvent which is relatively selective for the
polysaccharide in order to minimise contaminants (e.g. proteins, nucleic acid efc.). Ethanol has been
found to be advantageous in this respect, and it is highly selective for the CTAB-polysaccharide
complex. Other lower alcohols may be used (e.g. methanol, propan-1-ol, propan-2-ol, butan-1-ol,
butan-2-ol, 2-methyl-propan-1-ol, 2-methyl-propan-2-ol, diols etc.)

[0015] The ethanol is preferably added to the precipitated polysaccharide to give a final ethanol
concentration (based on total content of ethanol and water) of between 50% and 95% (e.g. around
55%, 60%, 65%, 70%, 75%, 80%, 85%, or around 90%), and preferably between 75% and 95%. The
optimum final ethanol concentration may depend on the serogroup of the bacterium from which the
polysaccharide is obtained.

[0016] The ethanol may be added to the precipitated polysaccharide in pure form or may be added
in a form diluted with a miscible solvent (e.g. water). Preferred solvent mixtures are ethanol:water
mixtures, with a preferred ratio of between around 70:30 and around 95:5 (e.g. 75:25, 80:20, 85:15,
90:10).

[0017] Compared with conventional processes for preparing capsular polysaccharides, the two-step
process of precipitation followed by ethanol extraction is quicker and simpler.

[0018] In contrast to the process described in ref. 9, the process uses cationic detergent rather than
anionic detergent. Unlike the process of ref. 10, the polysaccharide is re-solubilised using ethanol,
rather than by cation exchange using calcium or magnesium salts. Unlike the process of ref. 11,
precipitation does not require an inert porous support. Furthermore, unlike prior art processes,
alcohol is used to re-solubilise the polysaccharide rather than to precipitate it.

[0019] The bacterial capsular polysaccharide will usually be from Neisseria. Preferably it is from
N.meningitidis, including serogroups A, B, C, W135 &Y. Preferred serogroups are A, W135 & Y.

[0020] The process is also suitable for preparing capsular polysaccharide from Haemophilus
influenzae (particularly type B, or 'Hib') and from Strepfococcus pneumoniae (pneumococcus).
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Further processing of the solubilised polysaccharide

[0021] After re-solubilisation, the polysaccharide may be further treated to remove contaminants.
This is particularly important in situations where even minor contamination is not acceptable (e.g. for
human vaccine production). This will typically involve one or more steps of filtration.

[0022] Depth filtration may be used. This is particularly useful for clarification.

[0023] Filtration through activated carbon may be used. This is useful for removing pigments and
trace organic compounds. It can be repeated until, for example, OD275,m<0.2.

[0024] Size filtration or ultrafiltration may be used.

[0025] Once filtered to remove contaminants, the polysaccharide may be precipitated for further
treatment and/or processing. This can be conveniently achieved by exchanging cations (e.g. by the
addition of calcium or sodium salts).

[0026] The polysaccharide may be chemically modified. For instance, it may be modified to replace
one or more hydroxyl groups with blocking groups. This is particularly useful for MenA [12].
Polysaccharides from serogroup B may be N-propionylated [13].

[0027] The (optionally modified) polysaccharide will typically be hydrolysed to form
oligosaccharides. This is preferably performed to give a final average degree of polymerisation (DP)
in the oligosaccharide of less than 30 (e.g. between 10 and 20, preferably around 10 for serogroup
A; between 15 and 25 for serogroups W135 and Y, preferably around 15-20; efc.). Oligosaccharides
are preferred to polysaccharides for use in vaccines. DP can conveniently be measured by ion
exchange chromatography or by colorimetric assays [14].

[0028] If hydrolysis is performed, the hydrolysate will generally be sized in order to remove short-
length oligosaccharides. This can be achieved in various ways, such as ultrafiltration followed by ion-
exchange chromatography. Oligosaccharides with a degree of polymerisation of less than or equal to
about 6 are preferably removed for serogroup A, and those less than around 4 are preferably
removed for serogroups W135 and Y.

[0029] To enhance immunogenicity, polysaccharides or oligosaccharides of the invention are
preferably conjugated to a carrier (Figure 18). Conjugation to carrier proteins is particularly useful for
paediatric vaccines [e.g. ref. 15] and is a well known technique [e.g. reviewed in refs. 16 to 24, etfc.].

[0030] Preferred carrier proteins are bacterial toxins or toxoids, such as diphtheria or tetanus
toxoids. The CRM g7 diphtheria toxoid [25, 26, 27] is particularly preferred. Other suitable carrier
proteins include the N.meningitidis outer membrane protein [28], synthetic peptides [29, 30], heat
shock proteins [31, 32], pertussis proteins [33, 34], cytokines [35], lymphokines [35], hormones [35],
growth factors [35], artificial proteins comprising multiple human CD4* T cell epitopes from various
pathogen-derived antigens [36, protein D from H.influenzae [37], toxin A or B from C.difficile [38],
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elc. It is possible to use mixtures of carrier proteins.

[0031] Conjugates with a saccharide:protein ratio (w/w) of between 0.5:1 (i.e. excess protein) and
5:1 (i.e. excess saccharide) are preferred, and those with a ratio between 1:1.25 and 1:2.5 are more
preferred.

[0032] A single carrier protein may carry multiple different saccharides [39]. Conjugates may be
used in conjunction with free carrier protein [40].

[0033] Any suitable conjugation reaction can be used, with any suitable linker where necessary.

[0034] The saccharide will typically be activated or functionalised prior to conjugation. Activation
may involve, for example, cyanylating reagents such as CDAP (e.g. 1-cyano-4-dimethylamino
pyridinium tetrafluoroborate [41, 42, efc.]). Other suitable techniques use carbodiimides, hydrazides,
active esters, norborane, p-nitrobenzoic acid, N-hydroxysuccinimide, S-NHS, EDC, TSTU; see also
the introduction to reference 22).

[0035] Linkages via a linker group may be made using any known procedure, for example, the
procedures described in references 43 and 44. One type of linkage involves reductive amination of
the polysaccharide, coupling the resulting amino group with one end of an adipic acid linker group,
and then coupling a protein to the other end of the adipic acid linker group [20, 45, 46]. Other linkers
include B-propionamido [47], nitrophenyl-ethylamine [48], haloacyl halides [49], glycosidic linkages
[50], 6-aminocaproic acid [51], ADH [52], C4 to Cq2 moieties [53] efc. As an alternative to using a
linker, direct linkage can be used. Direct linkages to the protein may comprise oxidation of the
polysaccharide followed by reductive amination with the protein, as described in, for example,
references 54 and 55.

[0036] A process involving the introduction of amino groups into the saccharide (e.g. by replacing
terminal =O groups with -NHy) followed by derivatisation with an adipic diester (e.g. adipic acid N-

hydroxysuccinimido diester) and reaction with carrier protein is preferred.

[0037] After conjugation, free and conjugated saccharides can be separated. There are many
suitable methods, including hydrophobic chromatography, tangential ultrafiltration, diafiltration efc.
[see also refs. 56 & 57, efc.].

Mixtures and compositions comprising the saccharides

[0038] The oligosaccharides, polysaccharides and conjugates of the invention may mixed with other
biological molecules. Mixtures of saccharides from more than one serogroup of N.meningitidis are
preferred e.g. compositions comprising saccharides from serogroups A+C, A+W135, A+Y, C+W135,
C+Y, W135+Y, A+C+W135, A+C+Y, C+tW135+Y, A+C+W135+Y, efc. It is preferred that the protective
efficacy of individual saccharide antigens is not removed by combining them, although actual
immunogenicity (e.g. ELISA titres) may be reduced.

[0039] Where a saccharide from serogroup C is used, this preferably has from ~12 to ~22
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repeating units.

[0040] Saccharides from different serogroups of N.meningitidis may be conjugated to the same or
different carrier proteins.

[0041] Where a mixture comprises capsular saccharides from both serogroups A and C, it is
preferred that the ratio (w/w) of MenA saccharide:MenC saccharide is greater than 1 (e.g. 2:1, 3:1,
4:1, 5:1, 10:1 or higher). Surprisingly, improved immunogenicity of the MenA component has been
observed when it is present in excess (mass/dose) to the MenC component.

[0042] Where a mixture comprises capsular saccharides (e.g. oligosaccharides) from serogroup
W135 and at least one of serogroups A, C and Y, it has surprisingly been found that the
immunogenicity of the MenW135 saccharide is greater when administered in combination with the
saccharide(s) from the other serogroup(s) than when administered alone (at the same dosage efc.)
[cf. ref. 58]. Thus the capacity of the MenW135 antigen to elicit an immune response is greater than
the immune response elicited by an equivalent amount of the same antigen when delivered without
association with the antigens from the other serogroups. Such enhanced immunogenicity can be
determined by administering the MenW135 antigen to control animals and the mixture to test
animals and comparing antibody titres against the two using standard assays such as bactericidal
titres, radioimmunoassay and ELISAs efc. Vaccines comprising synergistic combinations of
saccharides from serogroup W135 and other serogroups are immunologically advantageous. They
allow enhanced anti-W135 responses and/or lower W135 doses.

[0043] Where a mixture comprises capsular saccharides from serogroup Y and one or both of
serogroups C and W135, it is preferred that the ratio (w/w) of MenY saccharide:MenW135
saccharide is greater than 1 (e.g. 2:1, 3:1, 4:1, 5:1, 10:1 or higher) and/or that the ratio (w/w) of
MenY saccharide:MenC saccharide is less than 1 (e.g. 1:2, 1:3, 1:4, 1:5, or lower).

[0044] Preferred ratios (w/w) for saccharides from serogroups A:C:W135:Y are: 1:1:1:1; 1:1:1:2;
2:1:1:1; 4:2:1:1; 8:4:2:1; 4:2:1:2; 8:4:1:2; 4:2:2:1; 2:2:1:1; 4:4:2:1; 2:2:1:2; 4:4:1:2; and 2:2:2:1.

[0045] The mixtures may also comprise proteins. It is preferred to include proteins from serogroup
B of N.meningitidis [e.g. refs. 59 to 64] or OMV preparations [e.g. refs. 65 to 68 etfc.].

[0046] Non-meningococcal and non-neisserial antigens, preferably ones that do not diminish the
immune response against the meningococcal components, may also be included. Ref. 69, for
instance, discloses combinations of oligosaccharides from N.meningitidis serogroups B and C
together with the Hib saccharide. Antigens from pneumococcus, hepatitis A virus, hepatitis B virus,
B.pertussis, diphtheria, tetanus, Helicobacter pylori, polio and/or H.influenzae are preferred.
Particularly preferred non-neisserial antigens include:

» antigens from Helicobacter pylori such as CagA [70 to 73], VacA [74, 75], NAP [76, 77, 78],
HopX [e.g. 79], HopY [e.g. 79] and/or urease.

¢ a saccharide antigen from Strepfococcus pneumoniae [e.g. 80, 81, 82].

« an antigen from hepatitis A virus, such as inactivated virus [e.g. 83, 84].

« an antigen from hepatitis B virus, such as the surface and/or core antigens [e.g. 84, 85], with
surface antigen preferably being adsorbed onto an aluminium phosphate [86].
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a saccharide antigen from Haemophilus influenzae B [e.g. 87], preferably non-adsorbed or

adsorbed onto an aluminium phosphate [88].

¢ an antigen from hepatitis C virus [e.g. 89].

« an antigen from N.gonorrhoeae [e.g. 59 to 62].

« an antigen from Chlamydia pneumoniae [e.g. refs. 90 to 96].

« an antigen from Chlamydia trachomatis [e.g. 97].

« an antigen from Porphyromonas gingivalis [e.g. 98].

= polio antigen(s) [e.g. 99, 100] such as IPV.

« rabies antigen(s) [e.g. 101] such as lyophilised inactivated virus [e.g. 102, RabAvert™].

* measles, mumps and/or rubella antigens [e.g. chapters 9, 10 & 11 of ref. 103].

¢ influenza antigen(s) [e.g. chapter 19 of ref. 103], such as the haemagglutinin and/or
neuraminidase surface proteins.

¢ an antigen from Moraxella catarrhalis [e.g. 104].

¢ an antigen from Streptococcus agalactiae (group B streptococcus) [e.g. 105, 1086].

+ an antigen from Streptococcus pyogenes (group A streptococcus) [e.g. 106, 107, 108].

« an antigen from Staphylococcus aureus [e.g. 109].

» antigen(s) from a paramyxovirus such as respiratory syncytial virus (RSV [110, 111]) and/or
parainfluenza virus (PIV3 [112]).

« an antigen from Bacillus anthracis [e.g. 113, 114, 115].

« an antigen from a virus in the flaviviridae family (genus flavivirus), such as from yellow fever
virus, Japanese encephalitis virus, four serotypes of Dengue viruses, tick-borne encephalitis
virus, West Nile virus.

¢ a pestivirus antigen, such as from classical porcine fever virus, bovine viral diarrhoea virus,
and/or border disease virus.

¢ a parvovirus antigen e.g. from parvovirus B19.

¢ a tetanus toxoid [e.g. ref. 116].

¢ pertussis holotoxin (PT) and filamentous haemagglutinin (FHA) from B.pertussis, optionally
also in combination with pertactin and/or agglutinogens 2 and 3 [e.g. refs. 117 & 118].

« cellular pertussis antigen.

[0047] The mixture may comprise one or more of these further antigens, which may be detoxified
where necessary (e.g. detoxification of pertussis toxin by chemical and/or genetic means).

[0048] Where a diphtheria antigen is included in the mixture it is preferred also to include tetanus
antigen and pertussis antigens. Similarly, where a tetanus antigen is included it is preferred also to
include diphtheria and pertussis antigens. Similarly, where a pertussis antigen is included it is
preferred also to include diphtheria and tetanus antigens.

[0049] Antigens in the mixture will typically be present at a concentration of at least 1pg/ml each. In
general, the concentration of any given antigen will be sufficient to elicit an immune response against
that antigen.

[0050] As an alternative to using proteins antigens in the mixture, nucleic acid encoding the antigen
may be used. Protein components of the mixture may thus be replaced by nucleic acid (preferably
DNA e.g. in the form of a plasmid) that encodes the protein.
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Multivalent saccharide vaccines

[0051] The invention also provides vaccines and immunogenic compositions comprising capsular
saccharides from at least two (i.e. 2, 3 or 4) of serogroups A, C, W135 and Y of N.meningitidis,
wherein said capsular saccharides are conjugated to carrier protein(s) and/or are oligosaccharides.
Where the vaccine has only two conjugated oligosaccharides or polysaccharides from serogroups A,
C, W135 and Y, these are preferably not from serogroups A and C (cf. refs. 6, 119 & 120). Preferred
compositions comprise saccharides from serogroups C and Y. Other preferred compositions
comprise saccharides from serogroups C, W135 and Y.

[0052] Also disclosed is an immunogenic composition comprising a serogroup A oligosaccharide
conjugate and a serogroup C oligosaccharide conjugate, and further comprising (i) an aluminium
phosphate or an aluminium hydroxide adjuvant and (ii) a buffer. Where the composition comprises
an aluminium phosphate adjuvant, the buffer is preferably a phosphate buffer; where it comprises an
aluminium hydroxide adjuvant, the buffer is preferably a histidine buffer.

[0053] Where the vaccine comprises capsular saccharide from serogroup A, it is preferred that the
serogroup A saccharide is combined with the other saccharide(s) shortly before use, in order to
minimise its hydrolysis (c¢f. Hib saccharides). This can conveniently be achieved by having the
serogroup A component in lyophilised form and the other serogroup component(s) in liquid form,
with the liquid component being used to reconstitute the lyophilised component when ready for use.
The liquid component preferably comprises an aluminium salt adjuvant, whereas the Iyophilised
serogroup A component may or may not comprise an aluminium salt adjuvant.

[0054] Also disclosed is a kit comprising: (a) capsular saccharide from N.meningitidis serogroup A,
in lyophilised form; and (b) capsular saccharide(s) from one or more (e.g. 1, 2, 3) of N.meningitidis
serogroups C, W135 and Y, in liquid form. The saccharides are preferably conjugated to carrier
protein(s) and/or are oligosaccharides. The kit may take the form of two vials.

[0055] Also disclosed is a method for preparing a vaccine composition disclosed herein, comprising
mixing a lyophilised capsular saccharide from N.meningitidis serogroup A with capsular
saccharide(s) from one or more (e.g. 1, 2, 3) of N.meningitidis serogroups C, W135 and Y, wherein
said one or more saccharides are in liquid form.

[0056] Also disclosed is a kit comprising: (a) conjugated capsular oligosaccharide from
N.meningitidis serogroup A, in lyophilised form; and (b) one or more further antigens in liquid form.
The further antigen may or may not be conjugated capsular oligosaccharide from N.meningitidis
serogroup C.

Immunogenic compositions and vaccines

[0057] Polysaccharides, oligosaccharides and conjugates of the invention are particularly suited to
inclusion in immunogenic compositions and vaccines. A process of the invention may therefore
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include the step of formulating the polysaccharide, oligosaccharide or conjugate as an immunogenic
composition or vaccine. The invention provides a composition or vaccine obtainable in this way.

[0058] Immunogenic compositions and vaccines of the invention wil, in addition to the
meningococcal saccharides, typically comprise 'pharmaceutically acceptable carriers', which include
any carrier that does not itself induce the production of antibodies harmful to the individual receiving
the composition. Suitable carriers are typically large, slowly metabolised macromolecules such as
proteins, polysaccharides, polylactic acids, polyglycolic acids, polymeric amino acids, amino acid
copolymers, trehalose [121], lipid aggregates (such as oil droplets or liposomes), and inactive virus
particles. Such carriers are well known to those of ordinary skill in the art. The vaccines may also
contain diluents, such as water, saline, glycerol, etc. Additionally, auxiliary substances, such as
wetting or emulsifying agents, pH buffering substances, and the like, may be present. A thorough
discussion of pharmaceutically acceptable excipients is available in ref. 122.

[0059] Immunogenic compositions used as vaccines comprise an immunologically effective amount
of saccharide antigen, as well as any other of the above-mentioned components, as needed. By
'immunologically effective amount', it is meant that the administration of that amount to an individual,
either in a single dose or as part of a series, is effective for treatment or prevention. This amount
varies depending upon the health and physical condition of the individual to be treated, age, the
taxonomic group of individual to be treated (e.g. non-human primate, primate, etc.), the capacity of
the individual's immune system to synthesise antibodies, the degree of protection desired, the
formulation of the vaccine, the treating doctor's assessment of the medical situation, and other
relevant factors. It is expected that the amount wil fall in a relatively broad range that can be
determined through routine trials. Dosage treatment may be a single dose schedule or a multiple
dose schedule (e.g. including booster doses). The vaccine may be administered in conjunction with
other immunoregulatory agents.

[0060] The vaccine may be administered in conjunction with other immunoregulatory agents.

[0061] The vaccine may include an adjuvant. Preferred adjuvants to enhance effectiveness of the
composition include, but are not limited to: (1) aluminium salts (alum), such as aluminium hydroxides
(including oxyhydroxides), aluminium phosphates (including hydroxyphosphates), aluminium sulfate,
efc [Chapters 8 & 9 in ref. 123]; (2) oil-in-water emulsion formulations (with or without other specific
immunostimulating agents such as muramyl peptides [Muramyl peptides include N-acetyl-muramyl-
L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-normuramyl-L-alanyl-D-isoglutamine (nor-MDP), N-
acetylmuramyl-L-alanyl-D-isoglutaminyl-L-alanine-2-(1'-2'-dipalmitoyl-sn-glycero-3-

hydroxyphosphoryloxy)-ethylamine MTP-PE), efc.] or bacterial cell wall components), such as for
example (a) MF59™ [Chapter 10 in ref. 123; 124, 125], containing 5% Squalene, 0.5% Tween 80,
and 0.5% Span 85 (optionally containing MTP-PE) formulated into submicron particles using a
microfluidizer, (b) SAF, containing 10% Squalane, 0.4% Tween 80, 5% pluronic-blocked polymer
L121, and thr-MDP either microfluidized into a submicron emulsion or vortexed to generate a larger
particle size emulsion, and (c) Ribi™ adjuvant system (RAS), (Ribi Immunochem, Hamilton, MT)
containing 2% Squalene, 0.2% Tween 80, and one or more bacterial cell wall components from the
group consisting of monophosphorylipid A (MPL), trehalose dimycolate (TDM), and cell wall skeleton
(CWS), preferably MPL + CWS (Detox™); (3) saponin adjuvants [chapter 22 of ref. 123], such as
QS21 or Stimulon™ (Cambridge Bioscience, Worcester, MA), either in simple form or in the form of
particles generated therefrom such as ISCOMs (immunostimulating complexes; chapter 23 of ref.
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123), which ISCOMS may be devoid of additional detergent e.g. ref. 126; (4) Complete Freund's
Adjuvant (CFA) and Incomplete Freund's Adjuvant (IFA); (5) cytokines, such as interleukins (e.g. IL-
1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-12 [127], efc.), interferons (e.g. gamma interferon), macrophage
colony stimulating factor (M-CSF), tumor necrosis factor (TNF), etc.; (6) monophosphoryl lipid A
(MPL) or 3-O-deacylated MPL (3dMPL) e.g. refs. 128 & 129, optionally in the substantial absence of
alum when used with pneumococcal saccharides e.g. ref. 130; (7) combinations of 3dMPL with, for
example, QS21 and/or oil-in-water emulsions e.g. refs. 131, 132 & 133; (8) oligonucleotides
comprising CpG motifs (Roman et al., Nat. Med., 1997, 3, 849-854; Weiner et al., PNAS USA, 1997,
94, 10833-10837; Davis et al., J. Immunol., 1998, 160, 870-876; Chu et al., J. Exp. Med., 1997, 186,
1623-1631; Lipford et al., Eur. J. Immunol., 1997, 27, 2340-2344; Moldoveanu et al., Vaccine, 1988,
16, 1216-1224, Krieg et al., Nature, 1995, 374, 546-549; Klinman et al., PNAS USA, 1996, 93, 2879-
2883; Ballas et al., J. Immunol., 1996, 157, 1840-1845; Cowdery et al., J. Immunol., 1996, 156,
4570-4575; Halpern et al., Cell. Immunol., 1996, 167, 72-78; Yamamoto et al., Jpn. J. Cancer Res.,
1988, 79, 866-873; Stacey et al,, J. Immunol., 1996, 157, 2116-2122; Messina et al., J. Immunol.,
1991, 147, 1759-1764; Yi et al., J. Immunol., 1996, 157, 4918-4925; Yi et al., J. Immunol., 1996,
157, 5394-5402; Yi et al., J. Immunol., 1998, 160, 4755-4761; and Yi et al., J. Immunol., 1998, 160,
5898-5906; International patent applications WO096/02555, WO98/16247, WO098/18810,
WQ098/40100, WO098/55495, WO98/37919 and WO98/52581) i.e. containing at least one CG
dinucleotide, with 5-methylcytosine optionally being used in place of cytosine; (8) a polyoxyethylene
ether or a polyoxyethylene ester e.g. ref. 134; (9) a polyoxyethylene sorbitan ester surfactant in
combination with an octoxynol [135] or a polyoxyethylene alkyl ether or ester surfactant in
combination with at least one additional non-ionic surfactant such as an octoxynol [136]; (10) a
saponin and an immunostimulatory oligonucleotide (e.g. a CpG oligonucleotide) [137]; (11) an
immunostimulant and a particle of metal salt e.g. ref. 138; (12) a saponin and an oil-in-water
emulsion e.g. ref. 139; (13) a saponin (e.g. QS21) + 3dMPL + IL-12 (optionally + a sterol) e.g. ref.
140; (14) E.coli heat-labile enterotoxin ("LT"), or detoxified mutants thereof, such as the K63 or R72
mutants [e.g. Chapter 5 of ref. 141]; (15) cholera toxin ("CT"), or detoxified mutants thereof [e.g.
Chapter 5 of ref. 141]; (16) liposomes [chapters 13 & 14 of ref. 123]; (17) chitosan [e.g. ref. 142];
(18) double-stranded RNA; (19) microparticles (i.e. a particle of ~100nm to ~150um in diameter,
more preferably ~200nm to ~30um in diameter, and most preferably ~500nm to ~10um in
diameter) formed from materials that are biodegradable and non-toxic (e.g. a poly(a-hydroxy acid)
such as poly(lactide-co-glycolide), a polyhydroxybutyric acid, a polyorthoester, a polyanhydride, a
polycaprolactone efc.). optionally treated to have a negatively-charged surface (e.g. with SDS) or a
positively-charged surface (e.g. with a cationic detergent, such as CTAB); or (20) other substances
that act as immunostimulating agents to enhance the effectiveness of the composition [e.g. chapter
7 of ref. 123].

[0062] Aluminium salts (especially aluminium phosphates and/or hydroxides) and MF59 are
preferred for use with the saccharide antigens of the present invention. Where an aluminium
phosphate it used, it is possible to adsorb one or more of the saccharides to the aluminium salt, but
it is preferred not to adsorb the saccharides to the salt, and this is favoured by including free
phosphate ions in solution (e.g. by the use of a phosphate buffer). Where an aluminium hydroxide is
used, it is preferred to adsorb the saccharides to the salt. The use of aluminium hydroxide as
adjuvant is particularly advantageous for saccharide from serogroup A.

[0063] It is possible in compositions of the invention to adsorb some antigens to an aluminium
hydroxide but to have other antigens in association with an aluminium phosphate. For tetravalent
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N.meningitidis serogroup combinations, for example, the following permutations are available:

Serogroup Aluminium salt (H = a hydroxide; P = a phosphate)
A PIHiP{H{H{H{P{P{P{H{H{H{P}{Pi{iP{H
C P{iHiH{P{iH{H{P{H{H{P{P{H{P{iH{P}{P
W135 P{iHIiH{HiP{H{H{P{H{H{P{P{P{Pi{H}{P
Y P{HIiH{H{iH{P{H{H{P{P{H{P{H{P{iP}{P

[0064] For trivalent N.meningitidis serogroup combinations, the following permutations are
available:

Serogroup Aluminium salt (H = a hydroxide; P = a phosphate)
C P H H H P P P H
W135 P H H P H P H P
Y P H P H H H P P

[0065] Once formulated, the compositions of the invention can be administered directly to the
subject. The subjects to be treated can be animals; in particular, human subjects can be treated.
The vaccines are particularly useful for vaccinating children and teenagers. They may be delivered
by systemic and/or mucosal routes.

[0066] Typically, the immunogenic compositions are prepared as injectables, either as liquid
solutions or suspensions; solid forms suitable for solution in, or suspension in, liquid vehicles prior to
injection may also be prepared. The preparation also may be emulsified or encapsulated in
liposomes for enhanced adjuvant effect. Direct delivery of the compositions will generally be
parenteral (e.g. by injection, either subcutaneously, intraperitoneally, intravenously or intramuscularly
or delivered to the interstitial space of a tissue). The compositions can also be administered into a
lesion. Other modes of administration include oral and pulmonary administration, suppositories, and
transdermal or transcutaneous applications (e.g. see ref. 143), needles, and hyposprays. Dosage
treatment may be a single dose schedule or a multiple dose schedule (e.g. including booster doses).

[0067] Vaccines of the invention are preferably sterile. They are preferably pyrogen-free. They are
preferably buffered e.g. at between pH 6 and pH 8, generally around pH 7. Where a vaccine
comprises an aluminium hydroxide salt, it is preferred to use a histidine buffer [144].

[0068] Vaccines of the invention may comprise detergent (e.g. a Tween, such as Tween 80) at low
levels (e.g. <0.01%). Vaccines of the invention may comprise a sugar alcohol (e.g. mannitol) or
trehalose e.g. at around 15mg/ml, particularly if they are to be lyophilised.

[0069] Optimum doses of individual antigens can be assessed empirically. In general, however,
saccharide antigens of the invention will be administered at a dose of between 0.1 and 100ug of
each saccharide per dose, with a typical dosage volume of 0.5ml. The dose is typically between 5
and 20ug per saccharide per dose. These values are measured as saccharide.
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[0070] Vaccines according to the invention may either be prophylactic (i.e. to prevent infection) or
therapeutic (i.e. to treat disease after infection), but will typically be prophylactic.

[0071] Disclosed herein a method of raising an immune response in a patient, comprising
administering to a patient a vaccine. The immune response is preferably protective against
meningococcal disease, and may comprise a humoral immune response and/or a cellular immune
response. The patient is preferably a child.

[0072] The method may raise a booster response, in a patient that has already been primed
against N. meningitidis.

[0073] The invention also provides the use of a polysaccharide, oligosaccharide or conjugate of the
invention in the manufacture of a medicament for raising an immune response in an animal. The
medicament is preferably an immunogenic composition (e.g. a vaccine). The medicament is
preferably for the prevention and/or treatment of a disease caused by a Neisseria (e.g. meningitis,
septicaemia, gonorrhoea efc.), by H.influenzae (e.g. otitis media, bronchitis, pneumonia, cellulitis,
pericarditis, meningitis efc.) or by pneumococcus (e.g. meningitis, sepsis, pneumonia efc). The
prevention and/or treatment of bacterial meningitis is thus preferred.

[0074] Vaccines can be tested in standard animal models (e.g. see ref. 145).

[0075] The invention also provides a process for solubilising a precipitated bacterial capsular
polysaccharide, wherein ethanol is used as a solvent.

Definitions

[0076] The term "comprising” means "including" as well as "consisting" e.g. a composition
"comprising" X may consist exclusively of X or may include something additional e.g. X + Y.

[0077] The term "about" in relation to a numerical value x means, for example, xt10%.

BRIEF DESCRIPTION OF DRAWINGS

[0078]
Figure 1 shows the effect of varying ethanol:water ratios on polysaccharide solubilisation.

Figures 2 to 4 show IgG titres obtained in mice against oligosaccharide antigens: Figure 2 shows
results using serogroup A oligosaccharide; Figure 3 shows results for serogroup Y; and Figure 4
shows results for serogroup W135.

Figure 5 shows post-1l IgG titres obtained in mice with a mixture of oligosaccharide conjugates for
serogroups A and C: Figure 5a shows the anti-serogroup A responses; and Figure 5b shows anti-
serogroup C responses.
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Figures 6 to 8 show IgG titres obtained in mice with a mixture of oligosaccharide conjugates for
serogroups C, W135 and Y: Figure 6 shows the anti-serogroup W135 responses; Figure 7 shows
anti-serogroup Y responses; and Figure 8 shows anti-serogroup C responses.

Figures 9 to 11 show post-1l IgG titres obtained in mice with a mixture of oligosaccharide conjugates
for serogroups A, C, W135 and Y: Figure 9 shows the anti-serogroup W135 responses; Figure 10
shows anti-serogroup Y responses; and Figure 11 shows anti-serogroup A responses.

Figure 12 is a calibration curve obtained using test MenA polysaccharide samples at different
hydrolysis times. The curve shows the linear relationship between the reciprocal of the degree of
polymerisation and optical rotatory power.

Figure 13 is a calibration curve obtained using test MenY polysaccharide samples at different
hydrolysis times. The curve shows the linear relationship between the log of the degree of
polymerisation and KD (distribution coefficient).

Figures 14 to 16 show post-Il IgG titres, split by 1gG subclass, obtained in mice after immunisation
with oligosaccharide conjugates for serogroups: (14) A; (15) C; (16) W135 and (17) Y.

Figure 17 shows post-Il 1gG titres, split by IgG subclass, obtained in mice after immunisation with a
tetravalent mixture of oligosaccharide conjugates.

Figure 18 illustrates the preparation of an oligosaccharide conjugate.

Figure 19 shows (A) anti-MenA and (B) anti-MenC GMT (z 95% confidence intervals) obtained in a
guinea pig model. Values above bars are serum bactericidal assay (SBA) titres i.e. the reciprocal of
the sera dilution yielding the 50 % of killing.

MODES FOR CARRYING OUT THE INVENTION

A. Production and purification of meningococcal polysaccharides

[0079] Meningococci of serogroups A, W135 and Y were grown in 500 ml flasks containing 150 ml
of Franz A as medium, for 12 hours at 35+1°C. Agitation was set at 150 rpm using a 35 mm throw
Shaker. 85 ml of the culture was then inoculated in 20 L fermentor containing Watson as medium.

[0080] After 18.5 hours (W135 and Y) or 16.5 hours (A), when OD=10 was reached, the
fermentation was interrupted by adding 300 ml of formalin and then, after 2 hours of incubation, and
the fermentor was cooled to 10°C. The supernatant was collected by centrifugation followed by
filtration (0.22 pm), and ultrafiltration with a 30 kDa membrane.

[0081] The crude concentrated polysaccharide was then precipitated by addition of CTAB as a 100
mg/ml water solution. The volumes added are shown in the following table. After 12 hours at room
temperature, the CTAB complexes were recovered by centrifugation. The CTAB complex was
extracted by adding a 95% ethanol solution at room temperature for 16-20 hrs under vigorous
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stirring. The volume of ethanol added is shown in the following table:

Serogroup { CTAB volume (ml) { Volume of 95% ethanol (litres per kg wet paste)
A 475 3.5t06
W135 200 4106
Y 650 3.4

[0082] The resulting suspensions were filtered through a CUNO 10 SP depth filter. The filtrate was
recirculated through a CUNO zetacarbon™ cartridge until ODo75n,m<0.2. The Z carbon filtrate was

then collected and filtered through a 0.22um filter. The polysaccharide was eventually precipitated
from the ethanol phase by addition of a CaCly 2M water solution (10-12 ml/l of EtOH final solution).
The purified polysaccharide was then collected by centrifugation, washed with 95% ethanol and
dried under vacuum.

[0083] In other experiments, the final concentration of ethanol used for extraction was varied
(Figure 1). For serogroup A polysaccharide, a range of between 80 and 95% ethanol was most
effective, with extraction efficiency decreasing at lower percentages. For serogroup W135, good
extraction was achieved with between 75% and 90% ethanol, with 95% being less effective. For
serogroup Y, the best results were achieved with between 75% and 85% ethanol, with higher
percentages (e.g. 90%, 95%) being less effective. In general, it was noted that ethanol percentages
below those reported here tended to increase the co-extraction of contaminants such as proteins.
Ethanol percentages given in this paragraph are expressed as a final concentration (ethanol as
percentage of total volume of ethanol + water) and are based on a water content in the CTAB-
polysaccharide pastes recovered by centrifugation of about 50% (i.e. 500g H>O per kg wet paste).

This value was determined empirically in small scale-up experiments.

B. Conjugation of serogroup A polysaccharides

a) Hydrolysis

[0084] The serogroup A meningococcal polysaccharide was hydrolysed in 50mM sodium acetate
buffer, pH 4.7 for about 3 hrs at 73°C. The hydrolysis was controlled in order to obtain
oligosaccharides with an average degree of polymerisation (DP) of approximately 10, as determined
by the (w/w) ratio between the total organic phosphorus and the monoester phosphate.

[0085] The DP ratio of (total organic phosphorus) to (phosphorus monoester) is inversely
proportional to optical rotatory power (a), as shown in Figure 12. This relationship can be used to
monitor the extent of hydrolysis more conveniently than direct phosphorus measurements.

b) Sizing
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[0086] This step removes short-length oligosaccharides generated during the hydrolysis process.
The hydrolysate obtained above was ultrafiltered through a 30kDa cut-off membrane (12 diafiltration
volumes of 5 mM acetate buffer, pH 6.5). The retentate, containing the high Mw species, was
discarded; the permeate was loaded onto a onto a Q-Sepharose Fast Flow column equilibrated in
acetate buffer 5 mM, pH 6.5. The column was then washed with 5 column volumes (CV) of
equilibrating buffer, then with 10 CV of 5 mM acetate buffer/125 mM NaCl pH 6.5 in order to remove
oligosaccharides with DP<6. The sized oligosaccharide was then eluted with 5 CV of 5mM acetate
buffer/0.5 M NaCl pH 6.5.

[0087] The eluted oligosaccharide population has an average DP of about 15.

c) Introduction of a primary amino group at the reducing terminus

[0088] Ammonium salt (acetate or chloride) was added to the sized oligosaccharide solution for a
final concentration ranging from 49-300 g/L, then sodium-cyano-borohydride was added to a final
concentration ranging from 12-73 g/L. After adjusting the pH to between 6-7.3, the mixture was
incubated at 37°C for 5 days.

[0089] The amino-oligosaccharides were then purified by tangential flow ultrafiltration with a 1kDa
or 3kDa cut-off membrane using 13 diafiltration volumes of 0.5 M NaCl followed by 7 diafiltration
volumes of 20mM NaCl. The purified amino-oligosaccharide solution was analysed for phosphorus
content (one chemical activity of the antigen) by the procedure of ref. 146 and the amount of
introduced amino groups by the procedure of ref. 147.

[0090] The purified oligosaccharides were then dried with rotary evaporator to remove water.

d) Derivatisation to active ester

[0091] The dried amino-oligosaccharides were solubilised in distilled water at a 40mM amino group
concentration, then 9 volumes of DMSO were added followed by friethyl-amine at a final
concentration of 200mM. To the resulting solution, adipic acid N-hydroxysuccinimido diester was
added for a final concentration of 480 mM.

[0092] The reaction was maintained under stirring at room temperature for 2 hours, then the
activated oligosaccharide was precipitated with acetone (80% v/v final concentration). The
precipitate was collected by centrifugation and washed several times with acetone to remove
unreacted adipic acid N-hydroxysuccinimido diester and by-products. Finally the activated
oligosaccharide was dried under vacuum.

[0093] The amount of active ester groups introduced into the oligosaccharide structure was
determined by a colorimetric method as described in ref. 148.

e) Conjugation to CRM4g7
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[0094] The dried activated oligosaccharide was added to a 45 mg/ml solution of CRM4g7 in 0.01M
phosphate buffer pH 7.2 for an active ester/protein (mole/mole) ratio of 12:1. The reaction was
maintained under stirring at room temperature overnight. After this period, the conjugate was
purified by hydrophobic chromatography or tangential flow ultrafiltration. The purified MenA-CRM g7

conjugate was sterile filtered and stored at -20°C or -60°C until vaccine formulation.

[0095] The conjugate was analysed for: protein content (microBCA Protein Assay), MenA
saccharide content (colorimetric analysis of phosphorus), free saccharide content, HPLC profile (on
TSKgel G4000SW 7.5mm IDx30cm), and SDS-PAGE. Characteristics of typical preparations are
shown in the following table:

Lot Code Saccharide (mg/ml) §{ protein (mg/ml) | Glycosylation KD
210201/A 0,257 0,864 0,3 0,489
210201/BS 0,308 1,354 0,23 0,503
210201/BL 0,28 1,482 0,19 0,501
351230595 0,138 0,3 0,46
010900 0,092 0,337 0,27
DP29 0,105 0,245 0,43
A1 (UNSIZED) 0,08 0,291 0,27
A2 (SIZED) 0,446 2,421 0,18

C. Conjugation of serogroup W135 polysaccharides

a) Hydrolysis

[0096] The group W meningococcal polysaccharide was hydrolysed in acetic 50 mM sodium
acetate buffer, pH 4.7 for about 3 hours at 80°C. This resulted in oligosaccharides with an average
DP of about 15 to 20 as determined by ratio between sialic acid (SA) and reduced terminal SA.

[0097] The DP ratio of (total SA) to (reduced terminal SA) is related to the KD of the as determined
by HPLC-SEC, as shown in Figure 13. This relationship can be used to monitor the extent of
hydrolysis more conveniently than direct SA measurements.

b) Sizing

[0098] The hydrolysate was ultrafiltered through a 30kDa cut-off membrane (12 to 20 diafiltration
volumes of 5mM acetate buffer /15-30 mM NaCl pH 6.5). The retentate, containing the high MW
species, was discarded while the permeate was loaded onto a Q-Sepharose Fast Flow column
equilibrated in 5 mM acetate buffer/15 mM NaCl pH 6.5. The column was then washed with 10 CV
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equilibrating buffer, in order to remove oligosaccharides with DP <3-4 and eluted with 3 CV 5 mM
acetate buffer/500 mM NaCl pH 6.5 .

c) Introduction of a primary amino group at the reducing terminus

[0099] Ammonium chloride or ammonium acetate was added to the sized oligosaccharide solution
to a final concentration of 300g/L, then sodium-cyano-borohydride was added to 49g/L or 73g/L final
concentration. The mixture was incubated at 50 °C for 3 days.

[0100] The amino-oligosaccharides were then purified by tangential flow ultrafiltration as described
for serogroup A. The purified material was analysed for its content of sialic acid (colorimetric method
according to ref. 149 and/or galactose (HPLC) (chemical activities of the MenW135 antigen). The
purified oligosaccharides were then dried with rotary evaporator to remove water.

d) Derivatisation to active ester

[0101] The dried amino-oligosaccharides were derivatised as described above for serogroup A.

e) Conjugation to CRM4g7

[0102] Conjugation was performed as described above for serogroup A but, to purify the conjugate,
diafiltration with a 30 kDa membrane was used (50 diafiltration volumes of 10 mM phosphate buffer,
pH 7.2). The purified conjugate was sterile filtered and stored at -20°C or -60°C until vaccine
formulation.

[0103] The conjugate was analysed for the same parameters as described above for serogroup A.
MenW saccharide content was assayed by colorimetric sialic acid determination:

Lot code saccharide (mg/ml) { protein (mg/ml) { Glycosylation KD
lot 1 5,73 3,52 1,63 0,296
lot 2/4.,5 3,51 2,88 1,22 0,308
lot 3S 2,49 2,25 1,11 0,380
lot 3Sd 2,03 2,24 0,91 0,394
lot 3L 2,32 2,3 1,01 0,391
lot 3Ld 1,94 2,29 0,85 0,383
Lot 3S/pr. Glic6 0,363 0,82 0,44 0,498
Lot 3S/pr. Glic9 0,424 0,739 0,57 0,447
Lot 3S/pr. Glic12 0,479 0,714 0,671 0,414

D. Conjugation of serogroup Y polysaccharides
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a) Hydrolysis

[0104] The group Y meningococcal polysaccharide was hydrolysed as described above for
serogroup W135. This gave oligosaccharides with an average DP of about 15 to 20 as determined
by ratio between SA and reduced terminal SA (conveniently measured indirectly as described under
C(a) above).

b) Sizing. c) Introduction of amino group. d) Derivatisation to active ester and e) Conjugation

[0105] These steps were performed as described above for serogroup W135. The purified
conjugate was sterile filtered and stored at -20°C or -60°C until vaccine formulation.

[0106] The conjugate was analysed in the same way as described above for serogroup W135:

Lot Code saccharide (mg/ml) protein (mg/ml) Glycosylation KD
lot 1A 1,16 0,92 1,26 0,303
lot 1B 4,57 3,55 1,29 0,339

Lot 2/4,5 2,32 6,1 0,38 0,467
lot 2/6 1,75 5,73 0,3 0,498

E. Immunogenicity of individual conjugates

[0107] The frozen bulk conjugates were thawed. Each was diluted, under stirring, to a final
concentration of 20ug saccharide/ml, 5mM phosphate, 9 mg/ml NaCl, aluminium phosphate (to give

an AlI3* concentration of 0.6mg/ml), pH 7.2. The mixtures were then kept, without stirring, at 2-8°C
overnight and further diluted with saline to 4pg saccharide/ml for mouse immunisation.

[0108] A second set of vaccines was prepared for each serogroup in the same way, but the addition
of aluminium phosphate was replaced with same volume of water.

[0109] Ten Balb/c mice for each immunisation group were injected s.c. twice with 0.5 ml vaccine at
weeks 0 and 4. Bleedings were performed before immunisation, the day before the second dose and
2 weeks after the second dose. Immunisations were performed with (a) the conjugate vaccine with
or without alum, (b) saline control and (c) unconjugated polysaccharide control.

[0110] Specific anti-polysaccharide IgG antibodies were determined in the sera of immunised
animals essentially as described in ref. 150. Each individual mouse serum was analysed in duplicate
by a titration curve and GMT was calculated for each immunisation group. Titres were calculated in
Mouse Elisa Units (MEU) using 'Titerun' software (FDA). Anti-polysaccharide titre specificity was
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determined by competitive ELISA with the relevant polysaccharide as competitor.

[0111] As shown in Figure 2, the MenA conjugate induced high antibody titres in animals. As
expected, the unconjugated polysaccharide was not immunogenic. The conjugate formulation with
an aluminium phosphate as adjuvant induced a higher level of antibodies compared to the titre
obtained by the conjugate alone. Similar results were seen for MenY (Figure 3) and MenW135
(Figure 4).

[0112] The IgG subclass of the post-ll immune responses was measured for various groups.
Specific subclasses were determined using the same ELISA method as used for the determination of
the total 1gG titer in section E above, but using alkaline phosphatase-anti mouse -IgG1, -IgG2a,-
IgG2b or -lgG3 (Zymed) as the secondary antibody. Titres were expressed as ODgygsnm Obtained

after 30 minutes of substrate development using serum diluted 1:3200, and are shown in Figures 14
(MenA), 15 (MenW135) and 16 (MenY). Responses are primarily in subclass IgG1, which is the
subclass predominantly induced in mice by T-dependent antigens. Because polysaccharides are
inherently T-independent antigens which are not able to induce immunological memory, these data
show that conjugation has had the desired effect.

[0113] Post-1l sera were also tested for bactericidal activity using an in vitro assay to measure
complement-mediated lysis of bacteria. Post-Il sera were inactivated for 30 minutes at 56°C before
the use in the assay, and 25% baby rabbit complement was used as source of complement.
Bactericidal titre was expressed as the reciprocal serum dilution yielding 50% killing of bacteria
against the following strains: MenA G8238, A1, F6124; MenW135 5554(OAc+) and 242317(0Ac-);
MenY 242975(0Ac-) and 240539(0Ac+).

[0114] Results for MenA included:

Carrier { Polyloligo Approx. | Aluminium { GMT Bactericidal activity
saccharide oaDP adjuvant
CRM,g7 O 15 - 461 {F8238: 2048-4096; F6124:
2048-4096

CRM497 O 15 phosphate § 920 §F8238: 4096; F6124: 4096
- P - phosphate 3 {F8238: 8; F6124: 128

CRMyg7 O 15 - 290 {F8238: 512-1024
- P - - 2 {F8238: <4

CRMyg7 O 15 - 155 {F8238: 512-1024

CRMyg7 O 15 - 393 {F8238: 1024

CRMyg7 O 15 - 396 §-

CRMyg7 O 15 phosphate {1396 jF8238: 4096

CRMyg7 O 15 phosphate {1461 {F8238: 2048-4096

CRMyg7 O 15 phosphate {1654 {F8238: 2048

CRMyg7 O 29 phosphate {1053 {F8238: 2048

CRM4g7i unsized O 10 phosphate {1449 {F8238: 2048
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Carrier { Polyloligo Approx. | Aluminium { GMT Bactericidal activity
saccharide oaDP adjuvant

CRM,g7 @) 15 phosphate { 626 {F8238: 2048-4096

CRMyg7 O 15 - 742 i-

CRMyg7 O 15 - 2207 -

CRMyg7 @) 29 - 1363 -

CRM197 unsized O 10 - 615 -

CRMyg7 O 15 phosphate {1515 {-

CRMyg7 O 15 phosphate { 876 {-

CRMyg7 O 15 phosphate {1232 {-

CRMyg7 O 15 phosphate { 852 {-

CRMyg7 O 15 phosphate § 863 {F8238: 2048; A1: 2048;
F6124: >2048

CRM1g7 @) 27 phosphate {1733 {F8238: 4096-8192; F6124:
4096-8192

CRMyg7 @) 15 phosphate { 172 {F8238: 1024; A1: 1024-
2048; F6124: 2048

CRMyg7 @) 15 hydroxide §{ 619 §F8238: 1024; A1: 2048;
F6124: 2048

[0115] Results for MenW135 included:

Carrier Poly/oligo OAci{ Aluminium GMT Bactericidal activity

saccharide adjuvant
CRMg7 O + - 14 15554: 256-512
CRMg7 @) + phosphate 23 {5554: 256-512
- P - - {5554:4

CRM197 O + - 45 §5554: 1024

CRMyg7 @) + - 101 {5554: 64-128

CRMyg7 @) + - 80 {5554: 256-512

CRMyg7 @) + phosphate 221 {5554: 1024-2048; 242317:
1024-2048

CRMg7 - - 52 $5554:512-1024

CRMg7 - phosphate 329 {5554: 1024-2048; 242317:
1024-2048

CRMg7 O + - 41 15554: 256-512

CRMyg7 @) + phosphate 24 {5554:1024; 242317: 128-
256

CRMg7 @) - - 116 {5554: 256-512
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Carrier Poly/oligo OAc; Aluminium GMT Bactericidal activity
saccharide adjuvant
CRMg7 @) - phosphate 185 §5554: 1024; 242317: 512-
1024
CRMyg7 O + phosphate 565 §5554:2048
CRMg7 @) + phosphate 328 {5554:512-1024
CRMg7 @) + phosphate 490 {5554: 1024-2048
CRMg7 @) + hydroxide 189 {5554: 512-1024; 242317
512-1024
CRMg7 @) + phosphate 80 §5554: 512-1024; 242317
512-1024
CRMg7 @) + hydroxide 277 {5554: 512-1024; 242317
1024-2048
[0116] Results for MenY included:
Carrier Poly/oligo aDP}{ Aluminium {GMT Bactericidal activity
saccharide adjuvant
CRMg7 @) >15 - 751 {242975: 8192
CRMg7 @) >15 phosphate 1190§242975: 8192-16384; 240539:
8192-16384
CRMg7 @) >15 - 284 {242975: 2048-4096
CRMyg7 O >15 phosphate 775 §242975: 2048-4096
- P - - - {1242975: 256
CRMg7 @) >15 - 1618{242975: 4096-8192
CRM1g7 @) >15 - 2123{242975: 2048
CRMg7 @) <10 - 253 {242975: 512-1024
CRM1g7 @) <10 - 1060{242975: 256-512
CRMg7 @) >15 hydroxide 1167 {242975: 8192; 240539: 8192-
16384
CRMg7 @) >15 phosphate 665 {242975: 8192; 240539: 8192-
16384
CRM1g7 @) >15 phosphate 328 {242975: 4096; 240539: 2048-
4096
CRMg7 @) >15 hydroxide 452 {242975: 2048; 240539: 1024-
2048

F. Imnmunogenicity of MenA conjugate in combination with MenC conjugate
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[0117] CRM-MenC concentrated bulk (from Chiron Vaccines, ltaly) was mixed with CRM-MenA
concentrated bulk (obtained as described above) were diluted and mixed by stirring. Three different
preparations were made. Each contained 20ug saccharide/ml for MenA, but different amounts of
MenC conjugate were included: (i) 20pg saccharide/ml (i) 10pg saccharide/ml; (iii) 5Spg
saccharide/ml. Ratios of MenA:MenC (w/w) were thus: (i) 1:1; (ii) 2:1; (iii) 4:1.

[0118] Each preparation also contained 5mM sodium phosphate, 9 mg/ml NaCl, aluminium

phosphate (to give an AI3* concentration of 0.6mg/ml), pH 7.2. Each mixture was then kept, without
stirring, at 2-8°C overnight and further diluted 1:5 with saline before mice immunisation.

[0119] A second set of vaccines was prepared in the same way, but the addition of aluminium
phosphate was replaced with same volume of water.

[0120] For each of the six vaccines, ten Balb/c mice were immunised as described above. Control
groups received saline or MenA conjugate alone.

[0121] Anti-polysaccharide antibodies for MenA and MenC were determined as described above.

[0122] The results obtained with the mixture of MenA+MenC conjugates clearly indicate that the
ratio (w/w) between A and C components plays a crucial role for MenA immunogenicity.

[0123] The specific anti-MenApS titre obtained with the MenA conjugate control was higher (with or
without alum adjuvant) than for the MenA+MenC combination at the same dosage (Figure 5a).
When a lower amount of MenC conjugate is used in the combination, a better anti-MenApS titre is
induced by the MenA conjugate component. At the same time, the anti-MenC titre remains
acceptable (Figure 5b).

[0124] Experiments were also performed using a guinea pig model. Three different preparations
were made, using the same aluminium phosphate adjuvant as before (amorphous

hydroxyphosphate, PO4/Al molar ratio between 0.84 and 0.92, 0.6mg AI3+/mI):

Preparation Men A* MenC * MenA : MenC ratio
A 20 ug/ml 20 ug/ml 1:1
B 40 ug/ml 20 ug/ml 2:1
C 20 pg/mi 10 pg/mi 1:%
* Expressed as saccharide

[0125] These preparations were diluted 1 : 2 with saline and used to immunise guinea pigs. Five
guinea pigs (Hartelley strain, female, 450-500 grams) for each immunisation group were injected s.c.
twice with 0.5 ml vaccine at days 0 and 28. Bleedings were performed before the first immunisation
and then at day 42. Sera were stored at -70°C prior to analysis by ELISA and serum bactericidal
assay (against MenA strain MK 83/94 or .MenC strain C11). Results are shown in Figure 19.

G. Combination vaccine for serogroups C, W135and Y
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[0126] Conjugates of polysaccharides from serogroups C, W135 and Y were mixed as described
above to give a final concentration of 20ug saccharide/ml for each conjugate. The vaccine contained
a final concentration of 5mM sodium phosphate and 9 mg/ml NaCl, pH 7.2. After overnight storage,
the mixture was diluted to contain 4pg saccharide/ml for each conjugate for immunisation.

[0127] Immunisations and analysis took place as before.

[0128] The results show that the immunogenicity of MenW135 conjugate is enhanced when
administered in combination with MenC and MenY conjugates, when compared to that obtained with
the MenW135 conjugate alone (Figure 6). MenY immunogenicity was comparable in the combination
to that obtained with the individual conjugate (Figure 7) and was also comparable to the
immunogenicity of the MenC conjugate (Figure 8).

H. Combination vaccine for serogroups A, C, W135and Y

[0129] Conjugates of polysaccharides from serogroups A, C, W135 and Y were mixed as described
above to give a final concentration of 20ug saccharide/ml for the serogroup A, W135 and Y
conjugates and 5ug saccharide/ml for the serogroup C conjugate. The vaccine contained a final
concentration of 5mM sodium phosphate, 9 mg/ml NaCl, aluminium phosphate (to give an A%t
concentration of 0.6mg/ml), pH 7.2. The mixture was then kept, without stirring, at 2-8°C overnight
and further diluted with saline to give 4ug saccharide/ml for the A, W135 and Y conjugates and 1pg

saccharide/ml for the C conjugate. This diluted mixture was used for immunisation.

[0130] Immunisations and analysis took place as before, with controls including the individual
conjugates except for serogroup C.

[0131] Figure 9 shows that, as before, the immunogenicity of the MenW135 conjugate was
enhanced when administered in combination with the MenA, MenC and MenY conjugates. Figure 10
shows that the immunogenicity of the MenY conjugate is not significantly different when delivered in
combination with the MenA, MenC and MenW135 conjugates. Figure 11 shows that the
immunogenicity of the MenA conjugate decreases markedly in the combination, even with the MenC
conjugate administered at a lower dosage (%). This antigenic competition is not seen in the non-
conjugated tetravalent (ACWY) polysaccharide vaccine [5].

. Lyophilised serogroup A antigen

[0132] The capsular polysaccharide of serogroup A N.meningitidis is particularly susceptible to
hydrolysis. Conjugates of MenA capsular oligosaccharide were therefore prepared in Iyophilised
form, ready for re-constitution at the time of administration. The lyophilised form was prepared to
have components which give the following composition after reconstitution into a unit dose:

Component Concentration
CRM-MenA 20ug saccharide/ml
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Component Concentration
Potassium phosphate buffer 5mM
Mannitol 15 mg/ml

[0133] This composition has no adjuvant. Two adjuvants were prepared for its reconstitution:

Component

Concentration

Concentration

Aluminium hydroxide

0.68 mg AI**/ml

Aluminium phosphate* - 0.6mg AIF*/ml
Sodium phosphate buffer - 10 mM
Histidine buffer 10 mM -
Sodium chloride 9 mg/ml 9 mg/ml
Tween 80 0.005% 0.005%
PH 7.2+0.05 7.2+0.05

* amorphous hydroxyphosphate, PO4/Al molar ratio between 0.84 and 0.92

[0134] When reconstituted with water for injection, stability of the saccharide component was as

follows:
Stored at 2-8°C Stored at 36-38°C
Time Total Free Free Total Free Free
(days){ saccharide | saccharide {saccharidei saccharide | saccharide {saccharide
(ng/ml) (ng/ml) % (ng/ml) (ng/ml) %
0 17.72 1.04 59 17.72 1.04 59
15 17.01 0.88 52 16.52 2.26 13.7
30 17.82 0.89 50 17.29 2.64 15.3

[0135] Over the same 4 week time scale, pH was stable at 7.2 both at 2-8°C and at 36-38°C,
protein content was stable at around 24.5 ug/ml, and moisture content was below 2.5%.

[0136] When reconstituted with the aluminium phosphate adjuvant solution at and stored at 2-8°C,
stability was as follows:

Time (hours) Total saccharide Free saccharide (pg/ml)jFree saccharide %
(ng/ml)
0 16.62 1.09 6.6
24 16.51 0.98 5.9
48 16.83 0.99 5.9

J. Combination vaccine for serogroups A, C, W135 and Y (lyophilised serogroup A
conjugate)
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A trivalent mixture of the MenC, W135 and Y components either adsorbed onto an

aluminium hydroxide adjuvant (2mg/ml) or mixed with an aluminium phosphate adjuvant (amorphous

hydroxyphosphate, PO4/Al molar ratio between 0.84 and 0.92, 0.6mg/ml AI®* in presence of 10mM

phosphate buffer) was prepared. The compositions of the two trivalent mixtures were as follows:

Component

Concentration

Concentration

Aluminium hydroxide

0.68 mg AIR*/ml

Aluminium phosphate*

0.6mg Al3*/ml

CRM-MenC 20ug saccharide/ml 20ug saccharide/ml
CRM-MenY 20ug saccharide/ml 20ug saccharide/ml
CRM-MenW135 20ug saccharide/ml 20ug saccharide/ml
Sodium phosphate buffer - 10 mM
Histidine buffer 10 mM -
Sodium chloride 9 mg/ml 9 mg/ml
Tween 80 0.005% 0.005%

* amorphous hydroxyphosphate, PO4/Al molar ratio between 0.84 and 0.92

[0138] For the hydroxide mixture, stability of the saccharide components were as follows:

Time Stored at 2-8°C Stored at 36-38°C
(days) Free saccharide Free Free saccharide Free
(ng/ml) saccharide % (ng/ml) saccharide %
MenC bulk
0 <1.2 <6 <1.2 <6
15 <1.2 <6 <1.2 <6
30 <1.2 <6 <1.2 <6
MenC vials
0 <1.2 <6 <1.2 <6
15 <1.2 <6 <1.2 <6
30 <1.2 <6 1.3 6.6
MenW135 bulk
0 25 12.5 25 12.5
15 23 11.4 3.4 16.8
30 23 11.5 3.5 17.3
MenW135 vials
0 21 10.6 21 10.6
15 23 11.7 27 13.3
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MenW135 vials
30 20. 10.2 3.3 16.3
MenY bulk
0 1.7 8.3 1.7 8.3
15 <1.3 <6.3 2.0 10.2
30 1.3 6.3 2.4 12.2
MenY vials
0 14 71 1.4 71
15 1.5 7.6 2.1 10.7
30 1.3 6.3 2.9 14.3

[0139] Over the same 4 week time scale, pH was stable at 7.15+0.05 both at 2-8°C and at 36-38°C.

[0140] For the phosphate mixture, stability of the saccharide components were as follows:

Stored at 2-8°C Stored at 36-38°C
Time Total Free Free Total Free Free
(days){ saccharide | saccharide {saccharide] saccharide | saccharide {saccharide
(ng/ml) (ng/ml) % (ng/ml) (ng/ml) %o

MenC bulk

0 22.8 <1.0 <5 22.8 <1.0 <5

15 17.2 <1.0 <5 18.6 <1.0 <5

30 18.9 <1.0 <5 20.5 <1.0 <5
MenC vials

0 20.5 <1.0 <5 20.5 <1.0 <5

15 18.3 <1.0 <5 234 <1.0 <5

30 18.0 <1.0 <5 20.5 <1.0 <5
MenW135 bulk

0 20.7 2.0 104 20.7 2.0 10.4

15 21.9 2.3 11.6 21.2 2.1 10.3

30 19.6 2.1 10.6 21.0 2.4 11.8
MenW135 vials

0 23.4 1.7 8.4 234 1.7 8.4

15 21.2 1.9 9.5 20.1 2.2 11.1

30 20.1 2.2 11.2 21.3 3.2 16.1
MenY bulk

0 19.1 <1.1 <5.3 19.1 <1.1 <53

15 20.1 1.4 6.8 18.7 1.3 6.4

30 18.6 1.4 7.6 19.2 1.7 8.3
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MenY vials
0 21.4 <1.1 <5.3 214 <1.1 <5.3
15 19.6 14 6.8 19.0 1.5 7.4
30 17.7 1.2 6.2 18.4 1.9 9.4

[0141] Over the same 4 week time scale, pH was stable at 7.05+0.05 both at 2-8°C and at 36-38°C.

[0142] The ftrivalent liquid compositions wer diluted and 0.5ml used to reconstitute the lyophilised
MenA conjugate. The resulting tetravalent mixture was administered to ten Balb/c mice (female 6-8
weeks old) per group by subcutaneous injection at day 0 and 28. The mixture contained 2pg of each
saccharide conjugate per dose, which represents 1/5 of the single human dose (SHD). Controls
were saline or unconjugated homologous polysaccharides. Bleedings were performed before
immunization and then at day 42, with sera stored at -70°C. IgG was determined as described
above.

[0143] All the conjugates used were safe and immunogenic in the animals. GMT post-Il ELISA titres
(with 95% confidence intervals) were as follows:

Vaccine Adjuvant A Y W135 C

Aluminiumy 172 (69-
MenA (lyophilised {Phosphate 439)

and resuspended) {Aluminium| 619 (419-
hydroxide 906)

Aluminium 328 (147-

phosphate 731)

Aluminium 452 (344-
hydroxide 593)

Aluminium
phosphate

Aluminium 277 (185-

hydroxide 411)
Aluminium 317 (152-

phosphate 659)
Aluminium 723 (615-

hydroxide 851)
Aluminium 397 (252-
32 (15-68
MenA (lyophilized) + {Phosphate ( ) 627)

MenC,W135,Y  {Aluminium] 206 (112- | 141 (97- 139 (76- | 163 (122-
hydroxide 372) 205) 251) 218)

MenY

- - 80 (28-225) -
MenW

MenC

99 (35-288) | 114 (53-246)

[0144] Figure 17 shows the results of IgG subclass analysis for: (17A) MenA; (17B) MenC; (17C)
MenW135; and (17D) MenY. IgG1 is clearly the most prominent subclass.
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[0145] Serum bactericidal titres were as follows:

Anti- Anti-
MenW135 {MenC

F8238; A1 {F6124{242975{2405395554{242317; C11

MenA Aluminiumi 512- §1024-
(lyophilised) jphosphate; 1024 { 2048

Aluminiumi 1024- {1024~
hydroxide § 2048 { 2048
Aluminium 2048-

phosphatei{ ) ) 4096 { 4096 ) ) )

Aluminium 1024-
hydroxide] - 1 - | - 120% {208 | - - -

Aluminium ) ) ) ) ) 512 512- )
phosphate 1024

Aluminium 1024-
hydroxide! - | © | - - - {10248 ooa8 | -

Aluminium 2048-
phosphate 4096

Aluminium
hydroxide

Vaccine j Adjuvant{  pptiMena Anti-MenY

2048 1 - - - - -

2048 { - - - - -

MenY

MenW

MenC

- - - - - - - {4096

Aluminium? 128- 1024- 256-
MenA  { hosphate] 256 | 1024|2048 1 2048 | - 15qp} 1024 | 512

(lyophilized) + —

MenC W13, |Aluminium| . - 11024-| 1024- | 2048- 256- 51o.

hydroxide 204812048 1 4006 | - 15121 1924 {4004

K. Combination vaccine for serogroups A, C, W135 and Y (different dosages)

[0146] Mice were immunised as described above, but the vaccine compositions contained different
ratios of the various oligosaccharide conjugates. Doses were variously 0.5, 1, 2 or 4 pg/dose.
Lyophilised MenA oligo-conjugate was used in all experiments.

[0147] ELISA titres were as follows:

Antigen quantity

(ng/dose) Aluminium GMT ELISA (95% confidence interval)
adjuvant
A{C  WI35]Y A C W135 Y
177 (107- | 367 (263- { 239 (135- §{ 239 (184-
2y 2 {2 Phosphate 291) 510) 424) 311)
, 390 (313- § 494 (345- | 338 (266- § 158 (96-
4 {2 2 2 Hydroxide 486) 706) 430) 260)

132 (59- § 582 (268- § 143 (75- | 247 (152-

212y 2 {2 Phosphate 296) 1155) 272) 400)
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Anti(ﬂg;‘d%l;:;‘tity Aluminium GMT ELISA (95% confidence interval)

ATCTwiss]y ] aduvant A c w135 M

24i2 2 2 Hydroxide 3317((2339- 5627(3532- 1 7;5( 1)1 . 010655)9-
4127 1 1 Phosphate 1 3379(7437' 1 9422(1%8' 18 (4-75) d 27(1 )7 *
4 {2 1 0.5 Phosphate 1 5227(1%5_ 2012(51;?0- 51 2(2)1 ) 22%613)25-
4121 1 {2} Phosphate | ' 1236(34)9' 2350488' 23 (6-91) 26877(7%1 )
412] 08 |1 Prosprate | LS| 2P0 | T ] 050
42 2 { 1| Phosphate | °7 5(2'?' 11287(85)1' 24 (8-72) 21;%)40'
212 1 1 Phosphate 21 5,5(51,32 ! ‘;9(2)32 1 110 8(36)6- 2020((1))41 -
2412 1 0.5 Phosphate 1 02575430- 38230(51350- 92?52)4- 204?4?‘39)6-
212 1 2 Phosphate 1 535357)1 ) 37§1(;,§)6- 5?0%? 50?5(2;)’5-
212108 | 1| Phosphate | Z | P00 | T G
22 2 1 Phosphate 1828(51;; > 3029(2?0- 73452)4- 4229%58-

[0148] Serum bactericidal titres were as follows:

A An(tti‘ggigoqsl:)mtity Aluminium Bactericidal antibody titre
adjuvant
ATCTwWissl Y A c W135 Y
ai2{ 2 |2 Phosphate | 256512 | bhiqs | boas  |4096-8192
. 1024- 1024-

al21 2 |2 Hydroxide 92t 256512 0ot 11024-2048
2121 2 12 Phosphate  {512-1024 12%%‘3' 128-256 ?g:?g;t
2121 2 12 Hydroxide 256 12%%‘3' 256 | 512-1024
4121 1 11 Phosphate . 1512-10241 2048 128 12048-4096
4121 1 1051 Phosphate {512-1024 12%%‘;' 128 {2048-4096
al21 1 12 Phosphate  {512-1024 i%”é%‘ 128 fggg;l
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A An(t:‘ggﬁgoil:;nt'ty Aluminium Bactericidal antibody titre
adjuvant

AlCIlwiss] v A c W135 Y
024- 8195

4 2 0.5 1 Phosphate 2048 8192 256-512 16384

4 {21 2 11 Phosphate ; i%‘g%' 128 14096-8192
1024- | 1024-

2 2 1 1 Phosphate 2048 2048 256 4096-8192
1024- | 2048-

2 2 1 0.5 Phosphate 2048 4096 256-512 {2048-4096

2121 1 12 Phosphate | 512-1024 12%%‘3' 128 ?3:,?521

2121 05 | 1 Phosphate 12%%‘;' 2048 | 256-512 14096-8192

5121 2 11 Phosphate | 128-256 1512-10241 64-128 |1024-2048

[0149] A second set of experiments was performed using a dosage of 2 pg/ml saccharide for MenA
and MenC, half that dosage for MenY, and a quarter dosage for MenW135. ELISA titres were as
follows:

A“t'(?‘:l'l‘ d%‘;')‘t'ty Aluminium GMT ELISA (95% confidence interval)
adjuvant
AlCiwilsl Y A c W135 Y
] 114 (53- | 99 (35- | 397 (252-
2 2 2 Phosphate 32 (15-68) 246) 288) 627)
. 206 (112- | 163 (122- | 139 (76- | 141 (97-
Hydroxide 372) 218) 251) 205)
96 (49- | 238 (101- | 42 (20- | 315 (114-
Phosphate 187) 561) 89) 867)
2121 1 io0s5
vdroxide | 293 (144 | 267 (158- | 83 (43- | 244 (152-
y 597) 451) 163) 392)
[0150] Serum bactericidal titres were as follows:
Antigen
quantity Aluminium A C W135 Y
(ng/dose) adjuvant
AlCIW!Y F8238] A1 | F6124 | C11 | 5554 242317 242975
128- 1024- 256-
L Phosphate | pow | 1024 | D2 | 512 | 200 | 1024 | 2048
. 1024- | 1024- | 512- | 256- 2048-
Hydroxide {512 1 5048 | 2048 | 1024 | 512 | 10%% | 4006
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Antigen
quantity Aluminium A Cc W135 Y
(ng/dose) adjuvant
AiCiW;{Y F8238{ A1 {F6124{ C11 { 5554 (242317242975
1024- 256- 2048-
Phosphate | 256 - 2048 512 512 1024 4096
2121 oe 512- { 512- | 512
Hydroxide 128 - 1024 1 1024 | 1024 1024 { 1024

L. MenA, W135 and Y oligosaccharide conjugates

[0151] The following table shows data relating to MenA, MenW135 and MenY conjugates suitable
for making combination compositions of the invention:

A W135 Y
DP after sizing 16,6 21,9 21,1
Saccharide/protein ratio 0,5 1,1 0,7
KD 0,44 0,36 0,41

Free saccharide 5% 10% 5%
Free protein <2% <2% <2%
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1
PATENTIKRHRAY
1. Fremgangsmade til oprensning af et bakterielt kapselpolysaccharid, omfattende
trinnene {a) udfalidning af polysaccharidet, {b) oplesning af det udfaeldede polysaccharid
vad anvendelse af en alkohol, () behandling af det | trin {b) opndede polysaccharid til
flernelse af kontaminanter ved anvendelse af ét eller flers trin mad storrelsesfiltrering eller
ultrafiltrering, derefter (d) udfeeldning af polysaccharidet opndet § trin () ved udskiftning
af kationer, hvor der i trin {8) anvendes &t eller flere kationiske detergenter med den fal-

gende generelle formel:
&;
R

twor: Ry, Rz og Ra er ens eller forskellige og hver betegner alky! sller aryl: sller Ry og
Rz sammen med nitrogenatomet, hvortil disse er bundet, danner en 5 eller 6-leddel mast-
tet heterocyklisk ring, og R beteger alkyl eller aryl; eller Ry, Ry og R: sammen med nitro-
genatomet, hvortil disse er bundet, danner en 5 eller G-leddet heterocyklisk ring, der er
umattet vad nitrogenatomet,

Ry betegner alkyl eller aryl, og

X betegner en anion.

2. Fremgangsmade ifelge krav 1, hver deri trin (a) anvendes cetyltrimethvlammoni-
umbromid,

3. Fremgangsmade ifelge krav 1 eller krav 2, hvor atkoholen anvendt § trin {B) om-
fatter ethanol.

4, Fremgangsmade ifelge krav 3, hvor ethanolet har en slutkoncentration pd mellemn
50% og 95%.

5. Fremgangsmade foige at hvitket som helst af de foreglende krav, hvor det bakte-
rielle kapselpolysaccharid er el meningokokpolysaccharid, og starrelsesfiltreringen i trin {¢)
er gennem e §,22 pm fliter,

6. Fremgangsmade ifplge et hvilket som helst af de foregdende krav, hvor udfasid-
ningen i trin (d) er ved tiissetning af calciunt~ eller natriumsalte

7. Fremgangsmade ifelge et hvilket som helst af de foregdende krav, hvor det bakte-
rielle kapseipolysaccharid er fra N. meningitidis.

8. Fremgangsmade ifsige krav 7, hvor N meningitidis er fra serogruppe A, W135 el-
ter Y.

9, Fremgangsmade ifolge et hvilket som helst af kravene 1 tif 6, hvor det bakterielle
kapselpolysaccharid er fra Haamophifus infiuenzae ellar Streplococcus preumonias.

10. Fremgangsmade ifelge ot hvilket som helst af de foregdende krav, der yderligere
omfatter hydrolyse til il dannelse af oligosaccharider.,

11. Fremgangsmade til oprensning og konjugering af et bakierielt kapselpolysaccha-
rid til et beererprotein omfattende: oprensning af polysaccharidet ved fremgangsmaden
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ifolge et hvitket som helst af de foregdende krav og konjugering af polysaccharidet til et
baererprotein.

12. Fremgangsmade ifplge krav 11, hvor beaererproteinet er diften elfler tetanustoxo-
id.

13, Fremgangsmade til fremstiliing af en blanding omfattende fremaangsmaden ifel-
ge et hvilket som helst af de foreg8ende krav og yderligere omfattende trinnet at blande
polysaccharidet eller konjugatet med andre biologiske molekyler tit opnielse af blandingen.

14. Framgangsmide ifelge krav 13, hvor [} de yderiigere biologiske molelyler er
valgt fra gruppen bestiende af: saccharidantigener fra serogruppe C af N, meningitidis, og
proteinantigener fra serogruppe B af N, meningitidis, eller i} saccharidantigener fra N. me-
ningitidis-stammerne A, C, W135 og/eller Y blandes,

15, Fremgangsmade ti formulering af en vaccine omfattende fremgangsméden ifolge
et hvitket som helst af de foregiende krav og yderfigere omfattende ét efler flere trin |
form af vaccineformulering.

16, Fremgangsmade ifolge krav 15, hvor trinnat/trinnene i form af vaccineformule-
ring omfatter blanding af saccharidantigenst/-generne med en adjuvans,

17. Fremgangsmade ifelge krav 16, hvor adjuvansen er et aluminfurmphosphat
ogfeller et aluminiumbydroxid,
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FIG. 17A
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