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METHOD OF TREATMENT 

Technical Field 

5 The present invention relates to the field of uses of conjugate vaccines against Neisseria 

meningitidis for the prevention or treatment of N. meningitidis infection. In particular, the 

present invention relates to the coadministration of N. meningitidis conjugate vaccines 

with vaccines containing DTP in a population which has been preimmunised with.at least 

one conjugate vaccine. A further aspect of the invention relates to the use of a further 

10 immunisation 

Background 
Invasive Neisseria meningitidis infection causes severe disease with approximately 10% 

mortality even when appropriate antibiotics and supportive therapy are administered [1]. 

15 In the United States the majority of invasive meningococcal disease (IMD) is caused by 

serogroups B, C and Y [2], while serogroups A, W-135 and X, which are important causes 

of disease outbreaks in many regions worldwide [3,4] are more rarely detected. Infants 

younger than 1 year of age have the highest incidence of IMD in the US (approximately 

1:18,500 population; 1998-2007) [2], Therefore, in order to impact meningococcal disease 

20 in US infants and children, meningococcal conjugate vaccines need to be effective from 

early ages [5]. 

The meningococcal serogroup C and Y vaccine, combined with Hib (HibMenCY-TT, 

MenHibrix™, GlaxoSmithKline Vaccines), was recently licensed in the US for use in 

infants as a 4-dose series beginning at 2 months of age [6], after demonstration of 

25 immunogenicity and safety in clinical trials conducted in infants and toddlers [7-14], One 

quadrivalent serogroups A, C, W-135 and Y (MenACWY) meningococcal conjugate 

vaccine is licensed in the US for use in children aged 9-12 months (Menactra™, sanofi 

pasteur): two doses of which are recommended by the Advisory Committee on 

Immunization Practices (ACIP) for children at increased risk for IMD due to complement 

30 deficiency or exposure due to travel/residence in an endemic area [15]. Another 

MenACWY conjugate vaccine is licensed for use from 2 years of age (Menveo™, 

Novartis). 

GlaxoSmithKline Vaccines' MenACWY vaccine with all serogroups conjugated to tetanus 

toxoid (TT) (MenACWY-TT: Nimenrix™), is licensed as a single dose in Europe, but 

35 remains investigational in the US. Clinical trials have demonstrated that one dose of 
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MenACWY-TT is immunogenic for all four serogroups and well tolerated in toddlers from 

12 months of age, children, adolescents and adults [16-23]. 

The paediatric immunisation schedule is crowded and there remains a need to evaluate 

5 the safety and immunogenicity of meningococcal conjugate vaccines when introduced 

into an immunisation schedule with othe paediatric vaccines. It is valuable to establish 

whether coadministration with other vaccines leads to interference problems or enhanced 

immunogenicity. 

The present study evaluates the immunogenicity and safety of meningococcal conjugate 

10 vaccines when administered as a further dose in the second year of life. In particular, it 

reports on the effect of co-adminstering with a dose of diphtheria-tetanus-acellular (DTPa) 

vaccine during the second year of life. 

The study has unexpectedly shown that co-adminstration of a multivalent meningococcal 

15 conjugate vaccine with DTPa containing vaccines in the second year of life leads to an 

enhanced immune response against the meningococcal conjugates compared to when 

the vaccines are administered at different time points. A simpler immunisation schedule in 

which meningococcal conjugate and DTPa are co-adminstered leads to the double benefit 

of fewer visits to a clinic and improved immunogenicity. 

20 

Accordingly to one aspect of the invention, there is provided a method of immunising 

against Neisseria meningitidis infection comprising the steps of a) immunising a human 

patient at a first age of between 0 and 11 months with at least one bacterial saccharide 

conjugated to a first carrier protein to form a bacterial saccharide conjugate; and b) 

25 immunising the human patient at a second age of between 12 and 24 months with a 

Neisseria meningitidis conjugate vaccine comprising at least two capsular saccharides 

selected from the group consisting of N. meningitidis serogroup A capsular saccharide 

(MenA), N. meningitidis serogroup A capsular saccharide N. meningitidis serogroup C 

capsular saccharide (MenC), N. meningitidis serogroup W135 capsular saccharide 

30 (MenW135), and N. meningitidis serogroup Y capsular saccharide (MenY) conjugated 

separately to a second carrier protein, wherein the Neisseria meningitidis conjugate 

vaccine is co-administered with a vaccine comprising diphtheria toxoid and tetanus toxoid. 

According to a further aspect of the invention, there is provided a medical use of a 

35 multivalent N. meningitidis conjugate vaccine in the prevention or treatment of N. 
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meningitidis disease wherein a human patient is immunised in a schedule comprising 

steps a) and b) wherein step a) immunises a human patient at a first age of between 0 

and 11 months with at least one bacterial saccharide conjugated to a first carrier protein to 

form a bacterial saccharide conjugate; and step b) immunises the human patient at a 

5 second age of between 12 and 24 months with a Neisseria meningitidis conjugate vaccine 

comprising at least two capsular saccharides selected from the group consisting of N. 

meningitidis serogroup A capsular saccharide (MenA), N. meningitidis serogroup A 

capsular saccharide N. meningitidis serogroup C capsular saccharide (MenC), N. 

meningitidis serogroup W135 capsular saccharide (MenW135), and N. meningitidis 

10 serogroup Y capsular saccharide (MenY) conjugated separately to a second carrier 

protein, wherein the Neisseria meningitidis conjugate vaccine is co-administered with a 

vaccine comprising diphtheria toxoid and tetanus toxoid. 

Description of Figures 

15 Figure 1: Subject flow through the study 

See Supplemental table 3 for details of the reasons why subjects withdrew from the study 

or were eliminated from the According to Protocol immunogenicity cohort during the 

Fourth dose phase 

* subjects did not participate in the Fourth dose Phase because they were unwilling to 

20 participate (n=83); were lost to follow up (n=47); or were not eligible to participate (n=78). 

Figure 2: Percentage of subjects with hSBA titers >1:8 one month after vaccination 

with MenACWY-TT or HibMenCY-TT at 12-15 months of age, with MenACWY-TT + DTaP 

at 15-18 months of age or with DTaP at 15-18 months of age (Control group) (ATP 

immunogenicity cohort, Fourth Dose Phase). 

25 ATP = According to protocol; hSBA = serum bactericidal activity using human 

complement source 

Figure 3: hSBA GMTs one month after vaccination with MenACWY-TT or 

HibMenCY-TT at 12-15 months of age, or with MenACWY-TT + DTaP at 15-18 months of 

age or with DTaP at 15-18 months of age (Control group) (ATP immunogenicity cohort, 

30 Fourth Dose Phase). 

ATP = According to protocol; hSBA = serum bactericidal activity using human 

complement source; GMT = geometric mean titer 

* Represents differences observed between the coadminstration group and other groups. 
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Figure 4: Local and general solicited symptoms within 8 days after vaccination with 

MenACWY-TT or HibMenCY-TT at 12-15 months of age, or of DTaP and MenACWY-TT 

(Coad group) at 15-18 months of age (Total vaccinated cohort, Fourth Dose Phase). 

For all groups, local symptoms refer to the percentage of subjects with at least one local 

5 symptom at the MenACWY-TT or HibMenCY-TT injection site. Any fever (any route) 

>38.0°C; Grade 3: Redness and swelling >30mm; Pain - cried when limb was 

touched/spontaneously painful; Fever (any route)>40°C; Irritability/Fussiness and 

Drowsiness - prevented normal activity; Loss of appetite - not eating at all. 

10 Detailed description 

The present invention discloses a method of immunising against Neisseria meningitidis 

infection comprising the steps of a) immunising a human patient at a first age of between 

0 and 11 months with at least one bacterial capsular saccharide conjugated to a first 

15 carrier protein to form a bacterial capsular saccharide conjugate; and b) immunising the 

human patient at a second age of between 12 and 24 months with a Neisseria 

meningitidis conjugate vaccine comprising at least two capsular saccharides selected 

from the group consisting of N. meningitidis serogroup A capsular saccharide (MenA), N. 

meningitidis serogroup A capsular saccharide N. meningitidis serogroup C capsular 

20 saccharide (MenC), N. meningitidis serogroup W135 capsular saccharide (MenW135), 

and N. meningitidis serogroup Y capsular saccharide (MenY) conjugated separately to a 

second carrier protein, wherein the Neisseria meningitidis conjugate vaccine is co­

administered with a vaccine comprising diphtheria toxoid and tetanus toxoid. 

25 Step a) is an immunisation in the first year of life, typically taking place in human infants at 

an age of 0-8, 1-7 or 2-6 months. In an embodiment, the step a) immunisation comprises 

a Haemophilus influenza (Hib) saccharide conjugate and/or a N.meningitidis serogroup 

C (MenC) capsular saccharide conjugate and/or a N. meningitidis serogroup Y (MenY) 

capsular saccharide conjugate. 

30 

In an embodiment, the, or each of the conjugate(s) administered in step a) contains a 

carrier protein selected from tetanus toxoid, diphtheria toxoid or CRM197. In a preferred 

embodiment,where multiple comjugates are administered in step a), the same type of 
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carrier protein is independently conjugated to each saccharide. In a preferred embodiment 

the first carrier protein is tetanus toxoid. 

In an embodiment, the immunisation of step a) involves the administration of 2 or 3 doses 

5 of the bacterial saccharide conjugate(s), for example by immunising a human infant at 2, 4 

and 6 months of age. 

In an embodiment during step a) the bacterial capsular saccharide conjugate(s), for 

example Hib, MenC and/or MenY are administered at the same time as a vaccine 

10 comprising diphtheria, tetanus and pertussis antigens (DTP). The diphtheria antigen is 

typically diphtheria toxoid, the tetanus antigen is typically tetanus toxoid and the pertussis 

antigen may be wholecell pertussis or acellular pertussis, optionally comprising one or 

more of pertussis toxoid, FHA or pertactin. In an embodiment, the DTP vaccine further 

comprises a hepatitis B surface antigen and/or IPV. In an embodiment, the immunisation 

15 of step a) administers a HibMenCY-TT vaccine containing 2.5ng of Hib PRP conjugated to 

tetanus toxoid and 5ng of each of MenC and Y capsular saccharide conjugated to tetanus 

toxoid with a total TT content of 5-40, 10-30, 15-20 ng or about 18|ag. 

Step b) involves immunising the same human patient in the second year of life, i.e. 

20 between 12 and 24, preferably 13 and 20, 12 and 18, 14 and 18 or 15-18 months of age. 

The step b) immunisation involves coadminstration of i) a multivalent N. meningitidis 

capsular saccharide conjugate vaccine with ii) a vaccine comprising diphtheria toxoid and 

tetanus toxoid. The multivalent N. meningitidis capsular saccharide conjugate vaccine 

comprises at least two of MenA, MenC, MenW135 and MenY; for example, conjugates of 

25 : serogroup C and Y capsular polysaccharides (MenCY), serogroup C and A capsular 

polysaccharides (MenAC), serogroup C and W135 capsular polysaccharides (MenCW), 

serogroup A and Y capsular polysaccharide (MenAY), serogroup A and W135 capsular 

polysaccharides (MenAW), serogroup W135 and Y capsular polysaccharides (Men WY), 

serogroup A, C and W135 capsular polysaccharide (MenACW), serogroup A, C and Y 

30 capsular polysaccharides (MenACY); serogroup A, W135 and Y capsular polysaccharides 

(MenAWY), serogroup C, W135 and Y capsular polysaccharides (MenCWY); or 

serogroup A, C, W135 and Y capsular polysaccharides (MenACWY). 

In an embodiment, the multivalent N. meningitidis capsular saccharide conjugate vaccine 

35 uses a carrier protein (second carrier protein) that is selected from the group consisting of 
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tetanus toxoid, diphtheria toxoid or CRM197. In an embodiment, the second carrier is 

tetanus toxoid. In a preferred embodiment, the first carrier protein and the second carrier 

protein are the same, preferably tetanus toxoid. 

5 In an embodiment, the coadminstered vaccine containing diphtheria toxoid and tetanus 

toxoid is a DTP vaccine additionally containing pertussis components which are whole cell 

pertussis or acellular pertussus, for example containing pertussis toxoid, FHA and 

pertactin. In an embodiment, the vaccine containing diphtheria toxoid and tetanus toxoid 

comprises further antigens, for example HBV and/or IPV. 

10 
In an embodiment, coadminstration of the multivalent N. meningitidis conjugate vaccine 

with a vaccine containing diphtheria toxoid and tetanus toxoid results in increased 

immunogenicity of at least one meningococcal components; for example, MenC, MenY, 

MenW135, MenC and MenY, MenC and MenW135 or MenC, MenW135 and MenY. In an 

15 embodiment, the increased immunogenicity is measured by SBA assay (optionally using a 

human complement source), optionally fcarried out on serum taken one onth after 

vaccination with the multivalent N. meningitidis conjugate vaccine in the second year of 

life. In an embodiment, the GMT is increased following co-adminstration with a vaccine 

comprising diphtheria toxoid and tetanus toxoid by at least 10%, 20%, 30%, 40%, 50%, 

20 60%, 70%, 80%, 90% or 100% compared to the GMT following administration for the 

multivalent N. meningitidis conjugate vaccine alone. 

In an embodiment the carrier protein of step b) is present in the Neisseria meningitidis 

conjugate dose at a total dose of 10-100, 20-90, 20-80, 30-70, 35-60 or 40-50^g. For 

25 example for a tetravalent N. meningitidis conjugate vaccine with TT, DT or CRM 197 as 

carrier protein a total carrier protein dose of 20-80 ng is contemplated. For a bivalent N. 

meningitids conjugate vaccine a total carrier protein dose for TT, DT or CRM197 of 20-

40^g is contemplated. 

30 The details set out above in relation to a method of immunisation are equally application 

to uses of a multivalent N. meningitidis conjugate vaccine in the prevention or treatment of 

N. meningitidis disease. 

35 

In an embodiment, the average size (or molecular weight) of at least one, two, three, four 

or each N. meningitidis polysaccharide is 50KDa - 1500kDa, 50kDa - 500kDa, 50 kDa -
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300 KDa, 101kDa - 1500kDa, 101kDa - 500kDa, or 101kDa - 300kDa as determined by 

MALLS. 

In an embodiment, the MenA polysaccharide, where present, has a molecular weight of 

5 50-500kDa, 50-100kDa, 100-500kDa, 55-90KDa, 60-70kDa or 70-80kDa or 60-80kDa as 

determined by MALLS. 

In an embodiment, the MenC polysaccharide, where present, has a molecular weight of 

100-200kDa, 50-100kDa, 100-150kDa, 101-130kDa, 150-21 OkDa or 180-21 OkDa as 

10 determined by MALLS. 

In an embodiment the MenY polysaccharide, where present, has a molecular weight of 

60-190kDa, 70-180kDa, 80-170kDa, 90-160kDa, 100-150kDa or 110-140kDa, 50-100kDa, 

100-140kDa, 140-170kDa or 150-160kDa as determined by MALLS. 

15 
In an embodiment the MenW polysaccharide, where present, has a molecular weight of 

60-190kDa, 70-180kDa, 80-170kDa, 90-160kDa, 100-150kDa, 110-140kDa, 50-100kDa or 

120-140kDa as determined by MALLS. 

20 The molecular weight or average molecular weight of a polysaccharide herein refers to 

the weight-average molecular weight (Mw) of the polysaccharide 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 

25 example 2. For MALLS analysis of meningococcal saccharides, two columns (TSKG6000 

and 5000PWxl 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 10mW argon laser at 488nm) and an inferometric 

refractometer (for instance Wyatt Otilab DSP equipped with a P100 cell and a red filter at 

30 498nm). 

In an embodiment the N. meningitidis polysaccharides are native polysaccharides or 

native polysaccharides which have reduced in size during a normal extraction process. 
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In an embodiment, the N. meningitidis polysaccharides 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, 

5 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 polysaccharides that are 

sized by a factor of no more than x20. For example, polysaccharides from MenC and/or 

10 MenA are native. For example, polysaccharides from MenY and/or MenW are sized by a 

factor of no more than x20, x10, x8, x6, x5, x4, x3 , x2 or x1.5. 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 x20, x10, x8, x6, x5, x4, x3 

, x2 or x1.5 and/or is microfluidised. For example, an immunogenic composition contains 

15 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 than x20, x10, x8, x6, x5, x4, x3 , 

x2 or x1.5 and/or is microfluidised. For example, an immunogenic composition comprises 

20 a conjugate made from native MenC and MenY which is sized by a factor of no more than 

x20, x10, x8, x6, x5, x4, x3 , x2 or x1.5 and/or is microfluidised. 

In an embodiment, the polydispersity of the polysaccharide 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 

25 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. 

Polysaccharides 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. 

30 

In an embodiment, the multivalent N. meningitidis conjugate vaccine 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. The antigen is optionally an outer membrane vesicle 
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preparation from N. meningitidis serogroup B as described in EP301992, WO 01/09350, 

WO 04/14417, WO 04/14418 and WO 04/14419. 

In an embodiment, the multivalent N. meningitidis conjugate vaccine further comprises a 

5 H. influenzae b (Hib) capsular saccharide conjugated to a carrier protein. 

The N. meningitidis polysaccharide(s) (and optionally Hib capsular saccharide) included in 

pharmaceutical compositions of the invention are conjugated to a carrier protein such as 

tetanus toxoid, tetanus toxoid fragment C, non-toxic mutants of tetanus toxin, diphtheria 

10 toxoid, 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 Gly and other mutations 

15 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 5843711], 

In an embodiment, the multivalent N. meningitidis conjugate vaccine of the invention uses 

20 the same carrier protein (independently) in at least two, three, four or each of the N. 

meningitidis polysaccharides. In an embodiment where Hib is present, Hib may be 

conjugated to the same carrier protein as the at least one, two, three, four or each of the 

N. meningitidis polysaccharides. For example, 1, 2, 3 or 4 of the N. meningitidis 

polysaccharides are independently conjugated to tetanus toxoid to make 1, 2, 3 or 4 

25 conjugates. 

In an embodiment, a single carrier protein may carry more than one saccharide antigen 

(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 

30 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. 

The multivalent N. meningitidis conjugate vaccine optionally comprises at least one 

35 meningococcal saccharide (for example MenA; MenC; MenW; MenY; MenA amd MenC; 
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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 MwnY; 

MenC, MenW and MenY or MenA, MenC, MenW and MenY) conjugate having a ratio of 

Men saccharide to carrier protein (particularly tetanus toxoid) of between 1:5 and 5:1, 

5 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 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 

10 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). 

15 In an embodiment, the N. meningitidis capsular 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 

20 carbon atoms. A possible linker is ADH. Other linkers include B-propionamido (WO 

00/10599), nitrophenyl-ethylamine (Geveretal (1979) Med. Microbiol. Immunol. 165; 171-

288), haloalkyl halides (US4057685), glycosidic linkages (US4673574, US4808700), 

hexane diamine and 6-aminocaproic acid (US4459286). 

25 The polysaccharide conjugates used in 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 

30 cysteamine to give a thiolated polysaccharide which could be coupled to the carrier via a 

thioether linkage obtained after reaction with a maleimide-activated 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 

35 the amino-derivatised saccharide is conjugated to the carrier protein using using 

10 

ipdept
Rectangle



WO 2014/147044 PCT/EP2014/055355 

carbodiimide (e.g. EDAC or EDC) chemistry. Such conjugates are described in PCT 

published application WO 93/15760 Uniformed Services University and WO 95/08348 and 

WO 96/29094. 

5 Other suitable techniques use carbiinides, hydrazides, active esters, norborane, p-

nitrobenzoic 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 

10 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. 

15 
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. 

20 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. 

25 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 

30 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 polysaccharide(s) is conjugated to the linker first before the linker 

is conjugated to the carrier protein. 
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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. 

5 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 polysaccharides is directly 

conjugated to a carrier protein; optionally Men W and/or MenY and/or MenC 

10 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 polysaccharides is directly conjugated by CDAP. For example 

MenW; MenY; MenC; MenW and MenY; MenW and MenC; MenY and MenC; or MenW, 

15 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 polysaccharides are 

conjugated to tetanus toxoid. 

Optionally the ratio of Men W and/or Y saccharide to carrier protein is between 1:0.5 and 

20 1:2 (w/w) and/or the ratio of MenC saccharide to carrier protein is between 1:0.5 and 1:4 

or 1:1.25-1:1.5 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 polysaccharide(s) is 

25 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. 

30 

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 polysaccharide is conjugated to a carrier 

35 protein via a linker using CDAP and EDAC. For example, MenA; MenC; or MenA and 

12 

ipdept
Rectangle



WO 2014/147044 PCT/EP2014/055355 

MenC are conjugated to a protein via a linker (for example those with two hydrozino 

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 

5 polysaccharide 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 polysaccharide, where present is is at least 

partially O-acetylated such that at least 50%, 60%, 70%, 80%, 90%, 95% or 98% of the 

10 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 polysaccharide, where present is is at least 

15 partially O-acetylated 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. O-acetylation is for example present at the 0-7 and/or 0-8 position of at least 

30%. 40%, 50%, 60%, 70%, 80%, 90%, 95% or 98% of the repeat units. 

20 In an embodiment, the MenW capsular polysaccharide, 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 0-7 and/or 0-9 position of at least 30%. 40%, 50%, 60%, 70%, 

80%, 90%, 95% or 98% of the repeat units. 

25 

In an embodiment, the MenY capsular polysaccharide, where present 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%, 

30 95% or 98% of the repeat units. 

The percentage of O-acetylation refers to the percentage of the repeat units containing O-

acetylation. This may be measured in the polysaccharide prior to conjugate and/or after 

conjugation. 

35 
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The term "saccharide" includes polysaccharides or oligosaccharides. 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 

5 and/or to improve filterability for conjugated products. Oligosaccharides are characterised 

by typically being hydrolysed polysaccharides with a low number of repeat units (typically 

5-30 repeat units). 

The mean dose is determined by adding the doses of all the further polysaccharides and 

10 dividing by the number of further polysaccharides. Further polysaccharides are all the 

polysaccharides within the immunogenic composition apart from Hib and can include N. 

meningitidis capsular polysaccharides. The "dose" is in the amount of immunogenic 

composition or vaccine that is administered to a human. 

15 A Hib saccharide is the polyribosyl phosphate (PRP) capsular polysaccharide of 

Haemophilus influenzae type b or an oligosaccharide derived therefrom. 

In an embodiment, the multivalent N. meningitidis conjugate vaccine contains each N. 

meningitidis capsular saccharide at a dose of between 0.1-20^g; 1-10|ng; 2-10|ag, 2.5-5^g, 

20 around or exactly 5^g; or around or exactly 2.5^g. 

"Around" or "approximately" are defined as within 10% more or less of the given figure for 

the purposes of the invention. 

25 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. 

The multivalent N. meningitidis conjugate vaccine optionally contains MenA, MenC, 

30 MenW135 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 vaccines used in the method or use of the invention optionally contain a 

pharmaceutical^ acceptable excipient. 

35 
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In an embodiment the multivalent N. meningitidis conjugate vaccine 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 multivalent N. meningitidis conjugate vaccine is optionally lyophilised in the presence 

5 of a stabilising agent for example a polyol such as sucrose or trehalose. 

Optionally, the multivalent N. meningitidis conjugate vaccine 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 

10 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. 

15 
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 

20 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. Such factors are known in the 

vaccine art and it is well within the skill of immunologists to make such determinations 

25 without undue experimentation. 

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 

30 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 

35 homogeneous suspension cannot be maintained. In the case of single-dosed units, the 
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amount is that of a single therapeutic application. Generally, it is expected that each dose 

will comprise 1-IOO^ig of protein antigen, optionally 5-50^g or 5-25^g. Examples of doses 

of bacterial saccharides are 10-20^g, 5-1 Ojag, 2.5-5^g or 1-2.5^g. The preferred amount 

of the substance varies from substance to substance but is easily determinable by one of 

5 skill in the art. 

The vaccine preparations of the present invention may be used to protect or treat 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), or a 

10 toddler (12-24, 12-16 or 12-14 months). These administrations may include injection via 

the intramuscular, intraperitoneal, intradermal or subcutaneous routes; or via mucosal 

administration to the oral/alimentary, respiratory, genitourinary tracts. 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 

15 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. 

20 The inventors have further determined that a later booster dose of a Neisseria 

meningitidis conjugate vaccine comprising at least two capsular saccharides selected 

from the group consisting of N. meningitidis serogroup A capsular saccharide (MenA), N. 

meningitidis serogroup C capsular saccharide (MenC), N. meningitidis serogroup W135 

capsular saccharide (MenW135) and N. meningitidis serogroup Y capsular saccharide 

25 (MenY) can produce an even stronger immune response against capsular saccharide 

antigens. The data provided in example 3 show that a booster immunisation given several 

years following an initial immunisation gives a much higher GMT ass assessed by SBA 

assay. Additional booster doses of meningococcal conjugate vaccines could extend the 

duration of vaccine -induced protection. An additional booster doses can be considered to 

30 be both an independent aspect of the invention or a further step of the coadministration 

aspect of the invention. 

Accordingly, there is provided a method of immunising against Neisseria meningitidis 

infection comprising the steps of immunising a human patient at an age of between 12 

35 and 24 months with a multivalent N. meningitidis conjugate vaccine comprising at least 
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two capsular saccharides selected from the group consisting of N. meningitidis serogroup 

A capsular saccharide (MenA), N. meningitidis serogroup C capsular saccharide (MenC), 

N. meningitidis serogroup W135 capsular saccharide (MenW135), and N. meningitidis 

serogroup Y capsular saccharide (MenY) conjugated separately to a carrier protein and 

5 re-immunising the human patient at an age of between 4 and 20, 5 and 15, 5 and 11,5 

and 9 or 5 and 6 years with a boosting N. meningitidis conjugate vaccine comprising at 

least two of MenA, MenC, MenW135 and MenY, each conjugated separately to a carrier 

protein. 

10 In an embodiment, the multivalent N. meningitidis conjugate vaccine comprises MenC and 

MenY conjugates and/or the boosting N. meningitidis conjugate vaccines comprises 

MenC and MenY conjugates. 

In an embodiment, the multivalent N. meningitidis conjugate vaccine comprises MenA, 

15 MenC, MenW135 and MenY conjugates and/or the boosting N. meningitidis conjugate 

vaccine comprises MenA, MenC, MenW135 and MenY conjugates. 

In an embodiment, each capsular saccharide of the boosting N. meningitidis conjugate 

vaccine is conjugated to a carrier protein selected from the group consisting of tetanus 

20 toxoid, diphtheria toxoid or CRM197, preferably the carrier protein is tetanus toxoid or 

CRM197, more preferably the carrier protein is tetanus toxoid. 

In an embodiment, each capsular saccharide of the multivalent N. meningitidis conjugate 

vaccine is conjugated to a carrier protein selected from the group consisting of tetanus 

25 toxoid, diphtheria toxoid or CRM197, preferably the carrier protein is tetanus toxoid or 

CRM197, more preferably the carrier protein is tetanus toxoid. 

It will be understood that the attributes of the meningococcal saccharides and conjugates 

set out above for the initial aspects of the invention are also applicable to the second 

30 aspect of the invention. Accordingly, the descriptions of meningococcal saccharides and 

conjugates set out above are optionally present in the multivalent N. meningitidis 

conjugate vaccine and the boosting N. meningitidis conjugate vaccine. 
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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. 

5 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 

10 by reference herein. 

In order that this invention may be better understood, the following examples are set forth. 

These examples are for purposes of illustration only, and are not to be construed as limiting 

the scope of the invention in any manner. 

15 
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Examples 

Example 1 

Study design 

This Phase III, randomized, controlled study was conducted in 59 centers in the US in 

5 accordance with Good Clinical Practice and the Declaration of Helsinki (1996 Somerset 

West). Written informed consent was obtained from each subject's parent/guardian prior 

to enrollment. 

Healthy infants were enrolled and randomized 5:1 to vaccination at 2, 4 and 6 months of 

age with HibMenCY-TT and DTaP-HBV-IPV, or Hib-TT + DTaP-HBV-IPV (Table 1, Figure 

10 1). At 12-15 months of age (Fourth dose phase), children vaccinated with HibMenCY-TT + 

DTaP-HBV-IPV were re-randomized (2:2:1) to receive MenACWY-TT at 12-15 months of 

age followed by DTaP at 15-18 months (MenACWY-TT group); MenACWY-TT co­

administered with DTaP at 15-18 months of age (Coad group); or HibMenCY-TT at 12-15 

months of age followed by DTaP at 15-18 months (HibMenCY-TT group). Hib-TT + DTaP-

15 HBV-IPV-primed children were not re-randomized and received DTaP at 15-18 months of 

age (Control group). Subjects in the Coad, MenACWT-TT and Control groups did not 

receive Hib booster vaccination because of an ongoing shortage of Hib conjugate vaccine 

in the US at the time of study conduct. Hib booster vaccinations were deferred until such 

time as Hib conjugate vaccine was once again available [25].The study was conducted 

20 prior to the availability of a meningococcal conjugate vaccine licensed in the US for use in 

children <2 years of age; therefore the Control group did not receive meningococcal 

vaccination during the study. All subjects were permitted to receive routine vaccines 

recommended by ACIP. 

The study was single-blind in the primary phase due to the different appearance of the 

25 vaccines. Prior to the fourth dose parents/guardians were informed which vaccines their 

child had received in the primary phase, and were aware of their treatment group in the 

fourth dose phase, due to the differing number of vaccines and serum sampling time 

points for the various treatment groups. 

A randomization list was used to number the vaccines. Random assignment for each 

30 study phase was performed using a central, web-based system which included a 

minimization procedure to ensure balanced allocation between groups at individual 

centers. 

Study subjects and vaccines 
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Participants were healthy infants between 6-12 weeks of age, born after at least 36 weeks 

of gestation. Exclusion criteria included prior receipt of any blood product since birth, or 

receipt of vaccines other than pneumococcal conjugate vaccine or human rotavirus 

vaccine within 30 days of the first dose. A birth dose of hepatitis B vaccine was allowed. A 

5 history of disease due to N. meningitidis, Hib, diphtheria, tetanus, pertussis, hepatitis B, or 

polio, or vaccination against any of these diseases performed outside of the study 

resulted in exclusion from the primary and fourth dose phases. For inclusion in the fourth 

dose phase, subjects had to have received all 3 primary vaccination doses. 

One 0.5 ml dose of HibMenCY-TT contained 2.5|jg of Hib polyribosylribitol phosphate 

10 (PRP) conjugated to TT, and 5 |jg each of MenC polysaccharide and MenY 

polysaccharide conjugated to TT (total TT content ~18|jg). One 0.5 ml dose of 

MenACWY-TT contained 5|jg of each meningococcal serogroup A, C, W-135 and Y 

polysaccharide conjugated to TT (total TT content ~44|jg). The lyophilised meningococcal 

vaccines were reconstituted with sterile saline for injection, and were administered 

15 intramuscularly into the left thigh or arm. 

The composition of the licensed DTaP-HBV-IPV (Pediarix™, GlaxoSmithKline Vaccines) 

and Hib-TT (ActHIB™, Sanofi Pasteur) vaccines is described elsewhere [10].The 

composition of DTaP (Infanrix™, GlaxoSmithKline Vaccines) is the same as the DTaP 

component of DTaP-HBV-IPV. 

20 Study objectives 

The primary objectives were 1)To demonstrate the non-inferiority of MenACWY-TT with 

and without co-administration of DTaP to a fourth dose of HibMenCY-TT in terms of the 

percentage of subjects with serum bactericidal activity (using a human complement 

source: hSBA) titers >1:8 and geometric mean titers (GMTs) for serogroups C and Y; 2) 

25 To demonstrate the immunogenicity of a single dose of MenACWY-TT with or without co­

administration of DTaP in terms of the percentage of subjects with hSBA titers >1:8 for 

serogroups A and W-135; and 3) To demonstrate the non-inferiority of DTaP co­

administered with MenACWY-TT versus DTaP administration alone in terms of the 

percentage of subjects with anti-diphtheria and anti-tetanus antibody concentrations >1.0 

30 Ill/ml and anti-pertussis geometric mean concentrations. This paper describes the 

meningococcal endpoints according to the pre-defined statistical criteria. Endpoints and 

immune responses are summarized in Table 2. The endpoints related to the DTaP 

booster vaccine are reported elsewhere [24], 

Immunogenicity assessment 
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Blood samples were collected from subjects one month after vaccination (Table 1) and 

prior to vaccination in the Coad group at 15-18 months of age (to assess hSBA 

persistence at 15-18 months of age after 3-dose infant vaccination with HibMenCY-TT). 

Safety and reactogenicity assessment 

5 Specific local and general symptoms were recorded by parents on diary cards for 8 days 

(Day 0-7) after the fourth dose vaccination. All other adverse events (AEs) were recorded 

for 31 days after vaccination. Serious adverse events (SAEs) and the occurrence of 

specific AEs indicating new onset of chronic illness, and conditions prompting visits to the 

Emergency Room (ER) were reported from dose 1 until 6 months after the last 

10 vaccination via standardized telephone script. The occurrence of rashes was recorded 

during the fourth dose phase. An SAE was defined as an event resulting in death or that 

was life-threatening; an event requiring hospitalization or prolongation of existing 

hospitalization; an event resulting in disability or incapacity of the subject; or any other 

event considered serious by the investigator. 

15 Statistical analyses 

The analysis of immunogenicity was conducted on the According to Protocol (ATP) 

immunogenicity cohort that included all vaccinated subjects who complied with protocol-

defined procedures. The primary objectives were assessed in a hierarchical manner; that 

is, an objective could only be considered formally met after all previous objectives were 

20 met. 

Collection of a pre-vaccination blood sample in the Coad group (Table 1) allowed 

calculation of vaccine response rates and GMT ratios before and after vaccination in this 

group. A vaccine response was defined as an antibody titer >1:8 post-vaccination in 

initially seronegative subjects, and a >4 fold increase in the pre-vaccination antibody titer 

25 in initially seropositive subjects. 

Potential differences between groups were highlighted in exploratory analyses if the 

asymptotic standardized 95% confidence interval (CI) for the difference between 2 groups 

in percentages of subjects reaching specified cutoffs did not include 0, or if the 95% CI for 

the GMT ratio between groups did not include 1. These exploratory analyses should be 

30 interpreted with caution considering that there was no adjustment for multiplicity. 

The analysis of safety was performed on the total vaccinated cohort that included all 

vaccinated subjects. The incidence and intensity of symptoms were calculated with exact 

95% CI for each group. 

Analyses were performed using SAS® software version 9.1 (SAS Institute Inc., Cary, NC, 

35 United States) and ProcStatXact 7.0. 
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Results 
5 Study subjects 

A total of 1554 subjects were enrolled and vaccinated in the primary vaccination phase, of 

which 1447 completed this study phase. For the Fourth dose phase 1303 toddlers were 

enrolled and vaccinated (Figure 1), of which 1238 subjects completed the Fourth dose 

vaccination phase of the study and 1209 completed the extended safety follow-up phase. 

10 A summary of the reasons subjects withdrew from the study or were eliminated from the 

ATP cohorts is given in Table 3 (supplementary).Two subjects, one from the MenACWY-

TT group and one from the HibMenCY-TT group, withdrew during the Fourth dose 

vaccination phase due to an AE. Both subjects experienced a febrile convulsion prior to 

the scheduled fifth dose of DTaP: one with onset 38 days after the fourth dose and one 

15 with onset 43 days after the fourth dose. Neither event was considered to be related to 

vaccination by the investigator. There were 955 subjects in the ATP immunogenicity 

cohort. There were more males than females in the Co-ad group (165 versus 138, 

respectively) and more females than males in the Control group (97 versus 78, 

respectively). Study groups were otherwise comparable in terms of demographic 

20 characteristics (Table 4: supplementary). 

Immunogenicity 

After vaccination with HibMenCY-TT or MenACWY-TT at 12-15 months of age or with 

MenACWY-TT + DTaP at 15-18 months of age, 100% of subjects had hSBA titers >1:8 for 

serogroups C and Y (Figure 2), against which they had been previously primed. At least 

25 96.1% of subjects vaccinated with MenACWY-TT also had hSBA titers >1:8 for 

serogroups A and W-135 (Figure 2). Very few subjects (<7.8%) in the Control group had 

hSBA titers >1:8 for any vaccine serogroup. 

Exploratory analyses did not detect any differences between the MenACWY-TT and Coad 

groups compared to the HibMenCY-TT group for serogroups C and Y in terms of the 

30 percentage of subjects with hSBA titers >1:8, one month after vaccination. However, the 

results suggested higher post-vaccination GMTs: 1) for serogroups C and Y in the 

MenACWY-TT and Coad groups compared to the HibMenCY-TT group and 2) for 

serogroups C, W-135 and Y in the Coad group compared to the MenACWY-TT group 

(Figure 3). 
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The percentage of subjects in the Coad group with a vaccine response was 95.9% (95% 

CI 92.3%;98.1%) for serogroup A, 99.2% (97.3%;99.9%) for serogroup C, 97.7% 

(94.8%;99.3%) for serogroup W-135 and 98.9% (96.8%;99.8%) for serogroup Y. At least 

96.1% of initially seronegative subjects had a vaccine response against one or more 

5 serogroups. 

Prior to vaccination in the Coad group, 90.7% and 96.3% of subjects maintained 

seroprotective hSBA titers (>1:4) against serogroups C and Y following 3-dose priming 

with HibMenCY-TT. In the Coad group, GMTs increased from pre to post vaccination by 

107-fold for serogroup C and 53-fold for serogroup Y, indicative of a booster response 

10 following HibMenCY-TT priming; and by 44-fold for serogroup A and 244-fold for 

serogroup W-135, showing good immunogenicity to the first exposure to these vaccine 

antigens. 

Post-dose 4 seroprotection rates and GMTs to serogroup W-135 were high in the 

MenACWY-TT and Coad groups, as well as in HibMenCY-TT recipients who did not 

15 receive the W-135 vaccine antigen at dose 4. No response to serogroup W-135 was 

observed in Controls. 

Reactogenicity 

The percentages of subjects reporting local and general symptoms were in the same 

20 range in the 3 investigational groups (Figure 4). The percentages of subjects reporting 

SAEs, new onset of chronic disease and AEs results in an ER visit from the onset of 

primary vaccination until 6 months after the fourth dose were similar across the 3 groups 

(Table 5). Three SAEs reported in two subjects were considered to be vaccine related: 

There was one case of a floppy infant that occurred 47 days after dose 4 (Coad group), 

25 which resolved after 2 days. In addition, there was one reported case of convulsion 

occurred 65 days after the first primary vaccination dose (HibMenCY-TT group) that 

resolved in an infant who later died of a second SAE (sudden infant death syndrome) 89 

days post-dose 1. There were three other deaths during the study (all in the primary 

phase), none of which were considered to be vaccine related: one subject died from 

30 sudden infant death syndrome 33 days post-dose 1; one subject from dehydration, 

hemolytic uremic syndrome and septic shock 43 days post-dose 1, and one subject from 

leukemia (onset 57 days post-dose 3) and eventual respiratoryfailure. 

35 
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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 

5 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. 

10 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. 

15 a) Weight-average molecular weight: -Mw-

ZWrM,_ »h 

20 

30 

Mw 
2^Wi "h 

b) Number-average molecular weight: -Mn-

T,NrM, _ m, M„ =• I". 
c) Root mean square radius: -Rw- and R2w is the square radius defined by: 

2 2 Xmi-rf 25 R w or (r )w = z III; 
(-mi- is the mass of a scattering centre i and -n- 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-. 
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Meningococcal polysaccharides were analysed by MALLS by loading onto two HPLC 

columns (TSKG6000 and 5000PWxl) used in combination. 25|jJ 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 

5 with a 10mW 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 

10 software. 

Example 3 - Effect of booster immunisation 

A further study evaluated antibody persistence 12 months after booster vaccination with a 

15 meningococcal serogroups A, C, W-135, Y conjugate vaccine (MenACWY-TT, 

GlaxoSmithKline Vaccines) compared to a meningococcal serogroup C conjugate vaccine 

(MenC-CRM-197, Wyeth LLC), in healthy children. 

Methods: In this phase III, open-label, controlled, multi-centre study in Finland 

20 (NCT00955682), children previously randomized (3:1) and primed with a single dose of 

MenACWY-TT or MenC-CRM197 at age 12-23 months (NCT00474266) received a 

booster dose of the same vaccines 48 months post-priming. Immunogenicity was 

evaluated at month (M) 60 (12 months post-booster) with serum bactericidal antibody 

assays using rabbit (rSBA; cut-off 1:8) and human (hSBA; cut-off 1:4) complement. 

25 Vaccine-related serious adverse events (SAEs) were recorded until M60. 

Results: Of 293 boosted children, 286 returned at M60, with 277 included in the 

according-to-protocol cohort for persistence at M60 (MenACWY-TT: N=231; MenC-

CRM197: N=46). At M60, all MenACWY-TT recipients retained rSBAtitres >1:8 (except for 

30 MenC, 97.4%) and hSBA titres >1:4 (except for MenA, 95.5%) (Table). hSBA geometric 

mean antibody titres (GMTs) at M60 declined compared to M49 (1 month post-booster), 

but were higher than after primary vaccination. MenC seropositivity rates and GMTs 

(rSBA, hSBA) were comparable between groups. No vaccine-related SAEs were reported. 

25 
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Conclusion: Antibodies evaluated by rSBA and hSBA assays persisted for each 

serogroup in >97% of children 12 months after MenACWY-TT booster vaccination. These 

data indicate that additional booster doses of MenACWY-TT could extend the duration of 

vaccine-induced protection. 

Table 6: Percentage of children with rSBA titres >1:8 and hSBA titres >1:4 and corresponding 
GMTs (ATP cohort for persistence at M60) 

rSBA hSBA 
Antibody Group N % >1:8 

(95% CI) 
GMT (95% CI) N % >1:4 

(95% CI) 
GMT (95% CI) 

MenA MenACWY-
TT 

231 100 (98.4-
100) 

978.9 (860.2-
1114.0) 

221 95.5 
(91.8-
97.8) 

88.0(73.6-
105.1) 

MenC MenACWY-
TT 

231 97.4 
(94.4-
99.0) 

226.4(183.7-
279.0) 

228 100 (98.4-
100) 

1342.3 (1134.6-
1588.1) 

MenC- 46 97.8 320.9 (201.1- 33 100 (89.4- 931.1 (572.8-
CRM197 (88.5-

99.9) 
512.2) 100) 1513.4) 

MenW- MenACWY- 231 100 (98.4- 1390.7 (1203.2- 218 100 (98.3- 2196.6 (1955.7-
135 TT 100) 1607.3) 100) 2467.2) 

MenY MenACWY-
TT 

231 100 (98.4-
100) 

1071.1 (924.9-
1240.5) 

206 100 (98.2-
100) 

1110.8 (987.5-
1249.6) 

GMT = geometric mean antibody titre; ATP = according-to-protocol; M60 = Month 60, 12 months 
post-booster; N = number of subjects with available results; 95% CI = 95% confidence interval 
rSBA assay performed at Public Health England; hSBA assay at GlaxoSmithKline Vaccines 

Table 7: Percentage of subjects with hSBA titres equal to or above the cut-off values of 1:4 and 1:8 and GMTs (ATP cohort 
for persistence at Month 60) 

>1:4 >1:8 GMT 
95% CI 95% CI 95% CI 

Antibody Group Timin 

9 

N n % LL UL n % LL UL value LL UL 

hSBA- MenACWY PRE 226 4 1.8 0.5 4.5 1 0.4 0.0 2.4 2.0 2.0 2.1 
MenA -TT POST 220 185 84.1 78.6 88.7 178 80.9 75.1 85.9 23.7 19.5 28.7 

M24 191 52 27.2 21.0 34.1 47 24.6 18.7 31.3 4.1 3.4 4.9 
M36 210 77 36.7 30.1 43.6 72 34.3 27.9 41.1 5.6 4.5 6.8 
M48 203 56 27.6 21.6 34.3 55 27.1 21.1 33.8 4.6 3.7 5.5 
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M49 214 213 99.5 97.4 100 213 99.5 97.4 100 1371.2 1149.7 1635.4 
M60 221 211 95.5 91.8 97.8 211 95.5 91.8 97.8 88.0 73.6 105.1 

MenCCRM PRE 35 0 0.0 0.0 10.0 0 0.0 0.0 10.0 2.0 2.0 2.0 
POST 34 0 0.0 0.0 10.3 0 0.0 0.0 10.3 2.0 2.0 2.0 
M24 30 2 6.7 0.8 22.1 0 0.0 0.0 11.6 2.1 1.9 2.3 
M36 29 5 17.2 5.8 35.8 4 13.8 3.9 31.7 2.7 2.1 3.4 
M48 29 4 13.8 3.9 31.7 4 13.8 3.9 31.7 2.8 2.0 3.9 
M49 30 4 13.3 3.8 30.7 4 13.3 3.8 30.7 2.7 2.0 3.6 
M60 28 3 10.7 2.3 28.2 3 10.7 2.3 28.2 2.5 1.9 3.2 

hSBA- MenACWY PRE 230 2 0.9 0.1 3.1 2 0.9 0.1 3.1 2.0 2.0 2.1 
MenC -TT POST 219 215 98.2 95.4 99.5 214 97.7 94.8 99.3 181.5 154.5 213.2 

M24 181 157 86.7 80.9 91.3 155 85.6 79.7 90.4 48.7 37.5 63.1 
M36 211 168 79.6 73.5 84.8 162 76.8 70.5 82.3 33.3 25.5 43.5 
M48 211 153 72.5 66.0 78.4 152 72.0 65.5 78.0 30.1 22.4 40.5 
M49 221 221 100 98.3 100 221 100 98.3 100 15490.7 13389.3 17921.9 
M60 228 228 100 98.4 100 228 100 98.4 100 1342.3 1134.6 1588.1 

MenC­ PRE 35 1 2.9 0.1 14.9 1 2.9 0.1 14.9 2.1 1.9 2.3 
CRM POST 34 28 82.4 65.5 93.2 28 82.4 65.5 93.2 43.5 23.6 80.2 

M24 26 13 50.0 29.9 70.1 11 42.3 23.4 63.1 8.1 4.1 15.7 
M36 29 11 37.9 20.7 57.7 11 37.9 20.7 57.7 5.6 3.3 9.6 
M48 33 15 45.5 28.1 63.6 15 45.5 28.1 63.6 10.7 4.8 23.8 
M49 35 35 100 90.0 100 35 100 90.0 100 8474.8 5787.3 12410.2 
M60 33 33 100 89.4 100 33 100 89.4 100 931.1 572.8 1513.4 

hSBA- MenACWY PRE 227 1 0.4 0.0 2.4 1 0.4 0.0 2.4 2.0 2.0 2.1 
MenW- -TT POST 212 177 83.5 77.8 88.2 176 83.0 77.3 87.8 47.7 37.4 60.9 
135 M24 190 176 92.6 87.9 95.9 173 91.1 86.1 94.7 81.5 64.9 102.5 

M36 212 173 81.6 75.7 86.6 173 81.6 75.7 86.6 53.6 41.7 69.0 
M48 171 139 81.3 74.6 86.8 138 80.7 74.0 86.3 48.3 36.9 63.4 
M49 203 203 100 98.2 100 203 100 98.2 100 13996.3 12637.4 15501.3 
M60 218 218 100 98.3 100 218 100 98.3 100 2196.6 1955.7 2467.2 

MenCCRM PRE 35 0 0.0 0.0 10.0 0 0.0 0.0 10.0 2.0 2.0 2.0 
POST 34 1 2.9 0.1 15.3 1 2.9 0.1 15.3 2.2 1.8 2.6 
M24 30 0 0.0 0.0 11.6 0 0.0 0.0 11.6 2.0 2.0 2.0 
M36 31 2 6.5 0.8 21.4 2 6.5 0.8 21.4 2.4 1.8 3.2 
M48 28 2 7.1 0.9 23.5 2 7.1 0.9 23.5 2.6 1.8 3.6 
M49 27 2 7.4 0.9 24.3 2 7.4 0.9 24.3 2.7 1.8 4.2 
M60 31 5 16.1 5.5 33.7 5 16.1 5.5 33.7 3.4 2.2 5.4 

hSBA- MenACWY PRE 221 1 0.5 0.0 2.5 1 0.5 0.0 2.5 2.0 2.0 2.1 
MenY -TT POST 212 168 79.2 73.2 84.5 168 79.2 73.2 84.5 30.8 24.4 38.8 

M24 167 141 84.4 78.0 89.6 141 84.4 78.0 89.6 55.4 42.1 72.9 
M36 209 151 72.2 65.7 78.2 148 70.8 64.1 76.9 32.5 24.7 42.8 
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M48 131 85 64.9 56.1 73.0 85 64.9 56.1 73.0 29.9 20.3 44.1 
M49 184 184 100 98.0 100 184 100 98.0 100 6698.9 5934.8 7561.3 
M60 206 206 100 98.2 100 206 100 98.2 100 1110.8 987.5 1249.6 

MenC­ PRE 35 1 2.9 0.1 14.9 1 2.9 0.1 14.9 2.3 1.7 3.0 
CRM POST 34 1 2.9 0.1 15.3 1 2.9 0.1 15.3 2.3 1.7 3.2 

M24 27 5 18.5 6.3 38.1 5 18.5 6.3 38.1 4.2 2.2 8.1 
M36 31 6 19.4 7.5 37.5 6 19.4 7.5 37.5 4.3 2.4 7.7 
M48 28 6 21.4 8.3 41.0 6 21.4 8.3 41.0 4.3 2.4 7.8 
M49 27 7 25.9 11.1 46.3 7 25.9 11.1 46.3 5.4 2.7 11.0 
M60 31 10 32.3 16.7 51.4 10 32.3 16.7 51.4 7.5 3.6 15.7 

GMT = geometric mean antibody titre calculated on all subjects 
N = number of subjects with available results 
n/% = number/percentage of subjects with titre within the specified range 
95% CI = 95% confidence interval; LL = Lower Limit, UL = Upper Limit 
PRE = Day 0, pre-primary vaccination 
POST = 42 days post-primary vaccination with meningococcal vaccine 
M24 = 24 months post-primary vaccination 
M36 = 36 months post-primary vaccination 
M48 = 48 months post-primary vaccination and pre-booster vaccination 
M49 = one month post-booster vaccination (Month 49) 
M60 = 12 months post-booster vaccination (Month 60) 
Note: At the 'POST' time point subjects from the MMRV Group in the primary study who were enrolled in the MenC-CRM 
Group in this persistence study had not yet received a meningococcal vaccine. 
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CLAIMS 

1. A method of immunising against Neisseria meningitidis infection comprising the 

steps of a) immunising a human patient at a first age of between 0 and 11 months 

5 with a bacterial saccharide conjugate vaccine comprising at least one, two or three 

bacterial saccharide(s) separately conjugated to a carrier protein to form at least 

one, two or three bacterial saccharide conjugate(s); and b) immunising the human 

patient at a second age of between 12 and 24 months with a Neisseria 

meningitidis conjugate vaccine comprising at least two capsular saccharides 

10 selected from the group consisting of N. meningitidis serogroup A capsular 

saccharide (MenA), N. meningitidis serogroup C capsular saccharide (MenC), N. 

meningitidis serogroup W135 capsular saccharide (MenW135), and N. 

meningitidis serogroup Y capsular saccharide (MenY) conjugated separately to a 

carrier protein, wherein the Neisseria meningitidis conjugate vaccine is co-

15 administered with a vaccine comprising diphtheria toxoid and tetanus toxoid. 

2. The method of claim 1 wherein the at least one, two or three bacterial 

saccharide(s) of step a) comprises a Haemophilus influenza (Hib) saccharide. 

20 3. The method of claim 1 or 2 wherein the at least one, two or three bacterial 

saccharide(s) of step a) comprises a N.meningitidis serogroup C (MenC) capsular 

saccharide. 

4. The method of any one of claims 1-3 wherein the at least one, two or three 

25 bacterial saccharide(s) of step a) comprises a N. meningitidis serogroup Y (MenY) 

capsular saccharide. 

5. The method of any one of claim 1-4 wherein the carrier protein of step a) is 

tetanus toxoid, diphtheria toxoid or CRM197. 

30 

The method of claim 5 wherein the carrier protein of step a) is tetanus toxoid, 

optionally at a total TT content of 5-40, 10-30, 15-20 ^g or about 18|ag per dose. 
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7. The method of any one of claim 1-6 wherein the immunisation of step a) involves 

the administration of 2 or 3 doses of the bacterial saccharide conjugate, optionally 

at 2, 4 and 6 months of age. 

5 8. The method of any one of claims 1-7 wherein co-adminstration of the Neisseria 

meningitidis conjugate vaccine with the vaccine comprising diphtheria toxin and 

tetanus toxin in step b) leads to an at least 10% increase in immunogenity against 

at least one of MenA, MenC, MenW135 or MenY compared to where the 

Neisseria meningitidis conjugate vaccine is administered alone, optionally 

10 measured by SBA assay. 

9. The method of any one of claims 1-8 wherein during step a) the bacterial 

saccharide conjugate vaccine is administered at the same time as a vaccine 

comprising DTP. 

15 

20 

10. The method of claim 9 wherein the vaccine comprising DTP contains a hepatitis B 

antigen. 

11. The method of claim 9 or 10 wherein the vaccine comprising DTP contains IPV. 

12. The method of any one of claims 1-11 wherein the N. meningitidis conjugate 

vaccine of step b) comprises MenA. 

13. The method of any one of claims 1-12 wherein the N. meningitidis conjugate 

25 vaccine of step b) comprises MenC. 

14. The method of any one of claims 1-13 wherein the N. meningitidis conjugate 

vaccine of step b) comprises MenW135. 

30 15. The method of any one of claims 1-14 wherein the N. meningitidis conjugate 

vaccine of step b) comprises MenY. 

16. The method of any one of claims 1-15 wherein the carrier protein of step b) is 

selected from the group consisting of tetanus toxoid, diphtheria toxoid or CRM197. 

35 
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17. The method of claim 16 wherein the carrier protein of step b) is tetanus toxoid. 

18. The method of any one of claims 1-17 wherein the carrier protein of step a) and 

the carrier protein of step b) are the same. 

5 

19. The method of any one of claims 1-18 wherein the vaccine comprising diphtheria 

toxoid and tetanus toxoid is a DTPa vaccine 

20. The method of any one of claims 1-19 wherein step b) immunises the human 

10 patient at between 12 and 18 months of age. 

21. The method of claim 20 wherein step b) immunises the human patient at between 

15-18 months of age. 

15 22. The method of any one of claims 1-21 comprising a further step c) of immunising 

the human patient at a third age of between 4 and 20, 5 and 15 or 5 and 11 years 

with a N. meningitidis conjugate vaccine comprising at least two capsular 

saccharides selected from the group consisting of N. meningitidis serogroup A 

capsular saccharide (MenA), N. meningitidis serogroup C capsular saccharide 

20 (MenC), N. meningitidis serogroup W135 capsular saccharide (MenW135), and N. 

meningitidis serogroup Y capsular saccharide (MenY) conjugated separately to a 

carrier protein. 

23. The method of claim 22 wherein the N. meningitidis conjugate vaccine is the same 

25 as the N. meningitidis conjugate vaccine of cany one of claims 1-18. 

24. The method of claim 22 wherein the N. meningitidis conjugate vaccine contains 

capsular saccharides of MenA, MenC, MenW135 and MenY each conjugated 

separately to a tetanus toxoid carrier protein. 

30 

25. A N. meningitidis conjugate vaccine for use in the prevention or treatment of N. 

meningitidis disease wherein a human patient is immunised in a schedule 

comprising steps a) and b) wherein step a) immunises the human patient at a first 

age of between 0 and 11 months with a bacterial saccharide conjugate vaccine 

35 comprising at least one, two or three bacterial saccharide(s) conjugated to a 
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carrier protein to form at least one, two or three bacterial saccharide conjugate(s); 

and step b) immunises the human patient at a second age of between 12 and 24 

months with a Neisseria meningitidis conjugate vaccine comprising at least two 

capsular saccharides selected from the group consisting of N. meningitidis 

5 serogroup A capsular saccharide (MenA), N. meningitidis serogroup C capsular 

saccharide (MenC), N. meningitidis serogroup W135 capsular saccharide 

(MenW135), and N. meningitidis serogroup Y capsular saccharide (MenY) 

conjugated separately to a carrier protein, wherein the Neisseria meningitidis 

conjugate vaccine is co-administered with a vaccine comprising diphtheria toxoid 

10 and tetanus toxoid. 

26. The N. meningitidis conjugate vaccine for use according to claim 25 wherein the at 

least one, two or three bacterial saccharide(s) of step a) comprises a Haemophilus 

influenza (Hib) saccharide. 

15 
27. The N. meningitidis conjugate vaccine for use according to claim 25 or 26 wherein 

the at least one, two or three bacterial saccharide(s) of step a) comprises a 

N.meningitidis serogroup C (MenC) capsular saccharide. 

20 28. The N. meningitidis conjugate vaccine for use according to any one of claims 25-

27 wherein the at least one, two or three bacterial saccharide(s) of step a) 

comprises a N. meningitidis serogroup Y (MenY) capsular saccharide. 

29. The N. meningitidis conjugate vaccine for use according to any one of claims 25-

25 28 wherein the carrier protein of step a) is tetanus toxoid, diphtheria toxoid or 

CRM197. 

30. The N. meningitidis conjugate vaccine for use according to claim 29 wherein the 

carrier protein of step a) is tetanus toxoid, optionally at a total TT content of 5-40, 

30 10-30, 15-20 ^g or about 18^g per dose. 

31. The N. meningitidis conjugate vaccine for use according to any one of claims 25-

30 wherein the immunisation of step a) involves the administration of 2 or 3 doses 

of the bacterial saccharide conjugate, optionally at 2, 4 and 6 months of age. 

35 
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32. The N. meningitidis conjugate vaccine for use according to any one of claims 25-

31 wherein co-adminstration of the Neisseria meningitidis conjugate vaccine and 

the vaccine comprising diphtheria toxin and tetanus toxin in step b) leads to an at 

least 10% increase in immunogenity against at least one of MenA, MenC, 

5 MenW135 or MenY compared to where the Neisseria meningitidis conjugate 

vaccine is administered alone, optionally measured by SBA assay. 

33. The N. meningitidis conjugate vaccine for use according to any one of claims 25-

32 wherein during step a) the bacterial saccharide conjugate vaccine is 

10 administered at the same time as a vaccine comprising DTP. 

34. The N. meningitidis conjugate vaccine for use according to claim 33 wherein the 

vaccine comprising DTP contains a hepatitis B antigen. 

15 35. The N. meningitidis conjugate vaccine for use according to claim 33 or 34 wherein 

the vaccine comprising DTP contains IPV. 

36. The N. meningitidis conjugate vaccine for use according to any one of claims 25-

35 wherein the N. meningitidis conjugate vaccine of step b) comprises MenA. 

20 

37. The N. meningitidis conjugate vaccine for use according to any one of claims 25-

36 wherein the N. meningitidis conjugate vaccine of step b) comprises MenC. 

38. The N. meningitidis conjugate vaccine for use according to any one of claims 25-

25 37 wherein the N. meningitidis conjugate vaccine of step b) comprises MenW135. 

39. The N. meningitidis conjugate vaccine for use according to any one of claims 25-

38 wherein the N. meningitidis conjugate vaccine of step b) comprises MenY. 

30 40. The N. meningitidis conjugate vaccine for use according to any one of claims 25-

39 wherein the carrier protein of step b) is selected from the group consisting of 

tetanus toxoid, diphtheria toxoid or CRM197. 

41. The N. meningitidis conjugate vaccine for use according to claim 40 wherein the 

35 carrier protein of step b) is tetanus toxoid. 
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42. The N. meningitidis conjugate vaccine for use according to any one of claims 25-

41 wherein the carrier protein of step a) and the carrier protein of step b) are the 

same. 

5 

43. The N. meningitidis conjugate vaccine for use according to any one of claims 25-

42 wherein the vaccine comprising diphtheria toxoid and tetanus toxoid is a DTP 

vaccine 

10 44. The N. meningitidis conjugate vaccine for use according to any one of claims 25-

43 wherein step b) immunises the human patient at between 12 and 18 months of 

age. 

45. The N. meningitidis conjugate vaccine for use according to claim 44 wherein step 

15 b) immunises the human patient at between 15-18 months of age. 

46. The N. meningitidis conjugate vaccine for use according to any one of claims 25-

45 comprising a further step c) of immunising the human patient at a third age of 

between 4 and 20, 5 and 15 or 5 and 11 years with a N. meningitidis conjugate 

20 vaccine comprising at least two capsular saccharides selected from the group 

consisting of N. meningitidis serogroup A capsular saccharide (MenA), N. 

meningitidis serogroup C capsular saccharide (MenC), N. meningitidis serogroup 

W135 capsular saccharide (MenW135), and N. meningitidis serogroup Y capsular 

saccharide (MenY) conjugated separately to a carrier protein. 

25 

47. The N. meningitidis conjugate vaccine for use according to claim 46 wherein the 

N. meningitidis conjugate vaccine is the same as the N. meningitidis conjugate 

vaccine of cany one of claims 25 -42. 

30 48. The N. meningitidis conjugate vaccine for use according to claim 46 wherein the 

N. meningitidis conjugate vaccine contains capsular saccharides of MenA, MenC, 

MenW135 and MenY each conjugated separately to a tetanus toxoid carrier 

protein. 
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49. The method or N. meningitidis conjugate vaccine for use according to any 

preceding claim wherein the Neisseria meningitidis conjugate vaccine of step b) 

and/or step c) contains N. meningitidis capsular saccharides having an average 

size of above 50kDa, 75kDa, 100kDa, 110kDa, 120kDa or 130kDa. 

5 

50. The method or N. meningitidis conjugate vaccine for use according to any 

preceding claim wherein the Neisseria meningitidis conjugate vaccine of step b) 

and/or step c) contains N. meningitidis capsular saccharides each of which is 

either a native polysaccharide or is reduced in average size relative to a native 

10 polysaccharide by a factor of no more than 10 fold. 

51. The method or N. meningitidis conjugate vaccine for use according to any 

preceding claim wherein the N. meningitidis conjugate vaccine of step b) and/or 

step c) contains at least one N. meningitidis capsular saccharide which is a native 

15 polysaccharide. 

52. The method or N. meningitidis conjugate vaccine for use according to any 

preceding claim wherein the N. meningitidis conjugate vaccine of step b) and/or 

step c) contains at least one N. meningitidis capsular saccharide which is reduced 

20 in size by microfluidization. 

53. The method or N. meningitidis conjugate vaccine for use according to any 

preceding claim wherein the N. meningitidis conjugate vaccine of step b) and/or 

step c) contains at least one N. meningitidis capsular saccharide selected from the 

25 group consisting of MenY and MenW135 which are microfludized, optionally to 

reduce the average size no more than 10 fold relative to the native capsular 

polysaccharide. 

54. The method or N. meningitidis conjugate vaccine for use according to any 

30 preceding claim wherein the N. meningitidis conjugate vaccine of step b) and/or 

step c) contains at least one N. meningitidis capsular saccharide selected from the 

group consisting of MenA and MenC which is a native polysaccharide. 

55. The method or N. meningitidis conjugate vaccine for use according to any 

35 preceding claim wherein the N. meningitidis conjugate vaccine of step b) and/or 
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step c) contains a MenA capsular saccharide having an average size of above 

50kDa, 75kDa, 100kDa or an average size of between 50-100kDa or 55-90KDa or 

60-80kDa. 

5 56. The method or N. meningitidis conjugate vaccine for use according to any 

preceding claim wherein the N. meningitidis conjugate vaccine of step b) and/or 

step c) contains a MenC capsular saccharide having an average size of above 

50kDa, 75kDa, 100kDa or between 100-200kDa, 100-150kDa, 80-120kDa , 90-

11 OkDa, 150-200kDa, 120-240kDa, 140-220kDa, 160-200kDa or 190-200kDa . 

10 
57. The method or N. meningitidis conjugate vaccine for use according to any 

preceding claim wherein the N. meningitidis conjugate vaccine of step b) and/or 

step c) contains a MenY capsular saccharide, having an average size of above 

50kDa, 75kDa, 100kDa or between 60-190kDa or 70-180kDa or 80-170kDa or 90-

15 160kDa or 100-150kDa , 110-145kDa or 120-140kDa. 

58. The method or N. meningitidis conjugate vaccine for use according to any 

preceding claim wherein the N. meningitidis conjugate vaccine of step b) and/or 

step c) contains a MenW135 capsular saccharide having an average size of above 

20 50kDa, 75kDa, 10OkDa or between 60-190kDa or 70-180kDa or 80-170kDa or 90-

160kDa or 100-150kDa, 140-180kDa, 150-170kDa or 110-140kDa. 

59. The method or N. meningitidis conjugate vaccine for use according to any 

preceding claim wherein the N. meningitidis conjugate vaccine of step b) and/or 

25 step c) contains N. meningitidis capsular saccharide conjugates, each having a 

polysaccharide:carrier ratio of 1:5-5:1 or 1:1-1:4(w/w). 

60. The method or N. meningitidis conjugate vaccine for use according to any 

preceding claim wherein the N. meningitidis conjugate vaccine of step b) and/or 

30 step c) contains at least one N. meningitidis capsular polysaccharide conjugate is 

directly conjugated to the second carrier protein. 

61. The method or N. meningitidis conjugate vaccine for use according to claim 60 

wherein the N. meningitidis conjugate vaccine of step b) and/or step c) contains 
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Men W and/or MenY, MenW and/or MenC, MenY and/or MenC, or MenW and 

MenC and MenY which are directly conjugated to the second carrier protein. 

62. The method or N. meningitidis conjugate vaccine for use according to claim 60 or 

5 61 wherein the N. meningitidis conjugate vaccine of step b) and/or step c) contains 

at least one N. meningitidis capsular saccharide conjugate directly conjugated by 

CDAP chemistry. 

63. The method or N. meningitidis conjugate vaccine for use according to any one of 

10 claims 60-62 wherein the N. meningitidis conjugate vaccine of step b) and/or step 

c) contains conjugates wherein the ratio of Men W and/or Y capsular saccharide 

to second carrier protein is between 1:0.5 and 1:2. 

64. The method or N. meningitidis conjugate vaccine for use according to any one of 

15 claims 60-3 wherein the N. meningitidis conjugate vaccine of step b) and/or step c) 

contains a MenC conjugate wherein the ratio of MenC polysaccharide to carrier 

protein is between 1:0.5 and 1:2. 

65. The method or N. meningitidis conjugate vaccine for use according to any 

20 preceding claim wherein the N. meningitidis conjugate vaccine of step b) and/or 

step c) contains one or more N. meningitidis capsular saccharide(s) conjugated to 

the carrier protein via a linker. 

66. The method or N. meningitidis conjugate vaccine for use according to claim 65 

25 wherein the linker is bifunctional. 

67. The method or N. meningitidis conjugate vaccine for use according to claim 65 or 

66 wherein the linker has two reactive amino groups. 

30 68. The method or N. meningitidis conjugate vaccine for use according to any one of 

claims 65-67 wherein the linker has between 4 and 12 carbon atoms. 

69. The method or N. meningitidis conjugate vaccine for use according to any one of 

claims 65-68 wherein the linker is ADH. 

35 
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70. The method or N. meningitidis conjugate vaccine for use according to any one of 

claims 65-69 wherein the N. meningitidis capsular saccharides is conjugated to 

the linker with CDAP chemistry. 

5 71. The method or N. meningitidis conjugate vaccine for use according to any one of 

claims 65-70 wherein the carrier protein is conjugated to the linker using 

carbodiimide chemistry, optionally using EDAC. 

72. The method or N. meningitidis conjugate vaccine for use according to any one of 

10 claims 65-71 wherein MenA is conjugated to a carrier protein via a linker. 

73. The method or N. meningitidis conjugate vaccine for use according to claim 72 

wherein the ratio of MenA polysaccharide to carrier protein is between 1:2 and 1:5. 

15 74. The method or N. meningitidis conjugate vaccine for use according to any one of 

claims 65-73 wherein MenC is conjugated to a carrier protein via a linker. 

75. The method or N. meningitidis conjugate vaccine for use according to claim 74 

20 wherein the ratio of MenC polysaccharide to carrier protein is between 1:2 and 1:5. 

76. The method or N. meningitidis conjugate vaccine for use according to any 

preceding claim wherein the N. meningitidis conjugate vaccine of step b) and/or 

step c) contains further comprising a H. influenzae b capsular saccharide 

25 conjugated to a carrier protein. 

77. The method or N. meningitidis conjugate vaccine for use according to any 

preceding claim wherein the N. meningitidis conjugate vaccine of step b) and/or 

step c) contains a N. meningitidis serogroup B antigen, a N. meningitidis 

30 serogroup B outer membrane vesicle preparation and/or a N. meningitidis 

serogroup B protein. 

78. The method or N. meningitidis conjugate vaccine for use according to any 

proceeding claim wherein the carrier protein of step b) and/or step c) is present in 
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the N. meningitidis conjugate dose at a total dose of 10-100, 20-90, 30-80, 30-70, 

35-60 or 40-50|j.g. 

79. A method of immunising against Neisseria meningitidis infection comprising the 

5 steps of immunising a human patient at an age of between 12 and 24 months with 

a multivalent N. meningitidis conjugate vaccine comprising at least two capsular 

saccharides selected from the group consisting of N. meningitidis serogroup A 

capsular saccharide (MenA), N. meningitidis serogroup C capsular saccharide 

(MenC), N. meningitidis serogroup W135 capsular saccharide (MenW135), and N. 

10 meningitidis serogroup Y capsular saccharide (MenY) conjugated separately to a 

carrier protein and re-immunising the human patient at an age of between 4 and 

20, 5 and 15, 5 and 11,5 and 9 or 5 and 6 years with a boosting N. meningitidis 

conjugate vaccine comprising at least two of MenA, MenC, MenW135 and MenY, 

each conjugated separately to a carrier protein. 

15 
80. The method of claim 79 wherein the multivalent N. meningitidis conjugate vaccine 

comprises MenC and MenY conjugates. 

81. The method of claim 79 ot 80 wherein the boosting N. meningitidis conjugate 

20 vaccines comprises MenC and MenY conjugates. 

82. The method of any one of claims 79-81 wherein the multivalent N. meningitidis 

conjugate vaccine comprises MenA, MenC, MenW135 and MenY conjugates. 

25 83. The method of any one of claims 79-82 wherein the boosting N. meningitidis 

conjugate vaccine comprises MenA, MenC, MenW135 and MenY conjugates. 

84. The method of any one of claims 79-83 wherein each capsular saccharide of the 

boosting N. meningitidis conjugate vaccine is conjugated to a carrier protein 

30 selected from the group consisting of tetanus toxoid, diphtheria toxoid or 

CRM197. 

85. The method of claim 84 wherein the carrier protein is tetanus toxoid. 
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86. The method of any one of claims 79-85 wherein each capsular saccharide of the 

multivalent N. meningitidis conjugate vaccine is conjugated to a carrier protein 

selected from the group consisting of tetanus toxoid, diphtheria toxoid or 

CRM197. 

5 

87. The method of claim 86 wherein the carrier protein is tetanus toxoid. 

88. A N. meningitidis conjugate vaccine for use in immunising against Neisseria 

meningitidis infection wherein a human patient is immunised at an age of between 

10 12 and 24 months with a multivalent N. meningitidis conjugate vaccine 

comprising at least two capsular saccharides selected from the group consisting of 

N. meningitidis serogroup A capsular saccharide (MenA), N. meningitidis 

serogroup C capsular saccharide (MenC), N. meningitidis serogroup W135 

capsular saccharide (MenW135), and N. meningitidis serogroup Y capsular 

15 saccharide (MenY) conjugated separately to a carrier protein and the human 

patient is re-immunised at an age of between 4 and 20, 5 and 15, 5 and 11,5 and 

9 or 5 and 6 years with a boosting N. meningitidis conjugate vaccine comprising at 

least two of MenA, MenC, MenW135 and MenY, each conjugated separately to a 

carrier protein. 

20 

89. The N. meningitidis conjugate vaccine for use according to claim 88 wherein the 

multivalent N. meningitidis conjugate vaccine comprises MenC and MenY 

conjugates. 

25 90. The N. meningitidis conjugate vaccine for use according to of claim 88 ot 89 

wherein the boosting N. meningitidis conjugate vaccines comprises MenC and 

MenY conjugates. 

91. The N. meningitidis conjugate vaccine for use according to any one of claims 88-

30 90 wherein the multivalent N. meningitidis conjugate vaccine comprises MenA, 

MenC, MenW135 and MenY conjugates. 

92. The N. meningitidis conjugate vaccine for use according to of any one of claims 

88-91 wherein the boosting N. meningitidis conjugate vaccine comprises MenA, 

35 MenC, MenW135 and MenY conjugates. 
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93. The N. meningitidis conjugate vaccine for use according to of any one of claims 

88-92 wherein each capsular saccharide of the boosting N. meningitidis conjugate 

vaccine is conjugated to a carrier protein selected from the group consisting of 

5 tetanus toxoid, diphtheria toxoid or CRM197. 

94. The method of claim 84 wherein the carrier protein is tetanus toxoid. 

95. The N. meningitidis conjugate vaccine for use according to of any one of claims 

10 88-94 wherein each capsular saccharide of the multivalent N. meningitidis 

conjugate vaccine is conjugated to a carrier protein selected from the group 

consisting of tetanus toxoid, diphtheria toxoid or CRM 197. 

96. The N. meningitidis conjugate vaccine for use according to of claim 95 wherein the 

15 carrier protein is tetanus toxoid. 
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