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Overview

Á Vaccines for prevention of Bacterial Meningitis

ïMost important pathogens

ÅH. influenzae type b (Hib) 

ÅPneumococcal (7+ serotypes)

ÅMeningococcal (monovalent, quadravalent & Group B)

ïTypes of Vaccines

ÅCapsular Polysaccharide

ÅPolysaccharide conjugate vaccines

ÅOuter membrane proteins and other constituents (OMV)

Á Quadravalent Capsular Meningococcal vaccines

Á Group B Meningococal vaccines (OMV & Recomb. Proteins)

Á Conclusions
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Leading Cause of Bacterial Meningitis
in non- Vaccinated Populations Worldwide

ÁMost Common

Neisseria 

meningitidis

Streptococcus 

pneumoniae
Haemophilus 

influenzae type b

ÁOthers less common pathogens:
Several Gram Negative Rods, Group B streptococcus, 

enterococci, Listeria, Skin/shunt pathogens

http://content.nejm.org/content/vol344/issue18/images/large/07f1.jpeg
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Effectiveness of Haemophilus influenzae type b (Hib) 
and Streptococcus pneumoniae Vaccines in the US

ÁWorldwide Polysaccharide Conjugate vaccines have 

dramatically reduced disease burden by direct and herd 

effects of infant immunizations

*United States.

1. Watt JP, et al. J Pediatr. 2003;143(6 suppl):S163-S187; 2. Adams WG, et al. JAMA. 1993;269:221-226; 3. Black S, 

et al. Pediatr Infect Dis J. 2007;26:771ï777.
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Types of Meningococcal Bacterial Vaccines

ÁGroups A, C, W-135 , Y

ïPolysaccharide vaccines

ÅCapsular polysaccharide, serogroup specific 

ïPolysaccharide Conjugate vaccines

ÅSpecific capsular polysaccharides covalently 

linked to an immunogenic carrier protein

ÁGroup B

ïOuter membrane vesicle vaccines (OMV) 

ïRecombinant Proteins of the outer membrane
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Anatomy of Gram Negative Bacteria Cell Surface: 
N. meningitidis

Modified from Rosenstein NE, et al. N Engl J Med. 2001;344:1378-388.

Lipooligosaccharides

Outer membrane
Periplasmic space

Cytoplasmic membrane

Pilus

Polysaccharide capsule

Outer-membrane proteins

Phospholipid

Cytoplasmic-membrane 

proteins

http://content.nejm.org/content/vol344/issue18/images/large/07f1.jpeg
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Polysaccharide vaccines

Á Capsular polysaccharide purified from specific N.meningitidis serogroup1

Á Highly effective and safe

Á Limitations of T-independent antigens (CHO based, not protein)1

1. Price. Curr Pharm Des 2007;13:2009-14; 2. Post et al. Infect Immun 2003; 647-55; 3. Modified from Rosenstein 

et al. N Engl J Med 2001;344:1378-88

VaccinePolysaccharide

capsule3

N. meningitidis 2
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Advantages of Polysaccharide Anti-capsular 
Vaccines

Á Capsular antigens are carbohydrates (not proteins) and are uniquely 

conservedé.do not vary among strains globally or over time

Á Antigen evident in great abundance at the most exterior of the 

bacterium (no shortage of available antibody targets)

Á Antibodies produced activate complement and are bactericidal and 

opsonophagocytic
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Limitations of polysaccharide vaccines

Harrison. Clin Microbiol Rev 2006;19:142-64

Property Polysaccharide 

Effective in young infants No

Immune memory / Booster effect No

Prolonged duration of protection No

Reduction of carriage No

Contributes to herd effect No

Hyporesponsiveness

with repeated dosing
Yes
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Polysaccharide-Protein Conjugate Vaccines

Á Covalent linkage of a T-dependent protein antigen to the  capsular 

polysaccharide1

Á Confers the immunologic characteristics of proteins to carbohydrate 

antigensé..T- independent to T ïdependent1

Á More immunogenic in younger infants; better duration of antibody

1. Harrison LH. Clin Microbiol Rev. 2006;19:142-164; 2. Post DMB, et al. Infect Immun. 2003:647-655; 

3. Modified from Rosenstein NE, et al. N Engl J Med. 2001;344:1378-1388; 4. Ravenscoft N, et al. In: Frosch M, 

Maiden MCJ, eds. Handbook of Meningococcal Disease. 2006:chap 17. 

Conjugation to 

protein carrier4

Polysaccharide

capsule (PS)3

Neisseria 

meningitidis2

PS conjugate

Vaccine

PS

Covalent

Linkage

PS

Carrier
Protein
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Characteristics of Protein Carriers use for 
Conjugated Polysaccharide Vaccines

ÁMost common vaccine protein carriers2:

ïTetanus toxoid

ïDiphtheria toxoid

ïCRM197 - Enzymatically inactive mutant diphtheria toxin 

(nontoxic)3

ÅTherefore, does not require formaldehyde detoxification and avoids 

the cross-linking to accessory antigens that can occur3

ÅWhen chemically coupled to bacterial polysaccharides, CRM197 

enhances their immunogenicity4

ÁLinkage must be covalent

ÁCarrier proteins confer antigenic epitopes for recognition 

of polysaccharide by CD4+ helper T cells1

1. Baraldo K, et al. Infect Immun. 2005;73:5835-5841; 2. S§fadi MA, et al. J Pediatr (Rio J). 2006;82(3 suppl): 

S35-44; 3. Lavelle EC, et al. In: Hackett CJ, Harn DA Jr, eds. Vaccine Adjuvants. 2006:chap 7; 4. Rappuoli R, et al.

Appl Environ Microbiol. 1983;46:560-564.
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Property Polysaccharide Conjugate

Induces T-cell-dependent immune response  No Yes

ÅImmunogenic in infants No Yes 

ÅImmune memory / Booster No Yes

ÅProlonged duration of protection No Yes

ÅReduction of carriage No Yes

ÅContributes to Herd immunity  No Yes

ÅHyporesponsiveness with repeat doses     Yes No

Advantages of Conjugate over Plain 
Polysaccharide Vaccines
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Classification Meningococcal 
Serogroups

ÁBased upon composition of capsular polysaccharide

ÁAt least 13 serogroups described, but in man nearly all 

disease is caused by 5 serogroups

ÁCapsular polysaccharides are the basis of most vaccines

ÁGroup B is unique as far as vaccine formulation

Z

A B E-29C K

L

W-135 X Y

H I

M

5 most important serogroups causing disease in man
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*Data for 5-year average between 1992-1996
Rosenstein NE, et al. J Infect Dis. 1999;180:1894-901
Connolly M and Noah N. Surveillance of bacterial meningitis in Europe, 1995.

Global Distribution of N. meningitidis Serogroups*

C
W

B

C



15

Prominent Characteristics of N. 
meningitidis Serogroups

Serogroup Characteristics

A

ÁLeading cause of epidemic meningitis worldwide

ÁMost prevalent serogroup in Africa and China 

ÁRare in Europe and  the Americas

B
ÁMajor cause of endemic disease in EU & Americas

ÁNo licensed broad-spectrum vaccine available

C
ÁMajor cause of endemic disease in EU & North America

ÁMultiple outbreaks in schools/community

Y
ÁAssociated with pneumonia, particularly in the elderly

ÁIncreased in the 1990s in the U.S.

W-135
ÁSmall percentage of infections worldwide

ÁOutbreaks associated with Hajj pilgrims starting in 2000
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A antigen C antigen W antigen Y antigen

Meningococcal Anticapsular Vaccines Developed to 
Protect Against Meningococcus Groups A,C, W, Y

PS

Conjugate

Purified

Polysaccharide
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Overview of Meningococcal Polysaccharide 
Conjugate Vaccines

Á Manufacturers (Protein Carriers and Adjuvants employed)

ïBaxter (Tet tox) (adjuvant)

ïGSK (Tet tox) (no adjuvant)

ïNovartis (CRM) (adjuvant (MenC), no adjuvant in 
investigational MenACWY)

ïSanofi (Dipth tox) (no adjuvant)

ïWyeth (CRM) (adjuvant)

Á Formulations: C only or A+C+W+Y combination

Á Uses (variable by country)

ïOutbreaks

ïMilitary, Recruit populations

ïAdolescents 11-18 yrs (College students)

ï Immunocompromised patients

ïChildren 2-11 yrs 

ï Infants <1 yr
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Immune Responses induced with a dose of Novartis 
MenACWY Conjugate or PS vaccine at 1 and 12 mon 
in children 2 - 10 years old (human SBA) 

MenACWY-CRMÀ MenACWY- PSÿ

Black et al. Poster presented at IDSA, October 4-7, 2007; San Diego, California.

Data on file, Novartis Vaccines.

*Met the criteria for statistical superiority LL 95% CI of difference (MenACWY-CRM minus MenACWY-PS) >0%
Àn=249-253 by serogroup
ÿn=237-240 by serogroup

Study V59P8 US
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Immune responses Induced in Adolescents One Month after 

Administration of Quadravalent Meningococcal Conjugate 

Vaccines from Two Manufacturers by serogroup (human SBA)

*Met the criteria for statistical superiority LL 95% CI of GMT ratio (MenACWY-CRM/Menactra) >1.0

Per-protocol population. MenACWY-CRM n=1024-1483 per serogroup; Menactra n=288-501 per serogroup

Jackson LA, et al. Clin Infect Dis. 2009. In press.

Novartis MenACWY-CRM Sanofi Menactra

Study V59P13 US

hSBA GMT      

(log scale)
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