
Case study

Introduction of vaccines to prevent an 
uncommon infectious disease in children –

invasive meningococcal disease



1. Marshall et al.  Int J Evidence-Based Healthcare 2016:14:3-14. Marshall et al. NEJM 2020;382(4):318-327. 

• Neisseria meningitidis causes sepsis and meningitis with highest rates 
in infants and adolescents

• 5-10% case fatality rate 

• ~40% of children have life-long disability – blindness, deafness, 
mobility from limb amputation

• 5 of 13 known serogroups cause most disease (A,B,C,W,Y), majority of 
cases (85%) in Australia are due to group B  

• Accidental pathogen: 5-10% of adolescents carry the meningococcus 
in their oropharynx and transmit it through coughing, kissing 

• Seasonal variation in incidence, with higher rates in winter/spring

Invasive meningococcal disease



Microbiology →meningococcal vaccine development
• 13 serogroups

‒ distinguished by differences in surface polysaccharides
‒ common serogroups causing invasive disease: A,B,C,W,Y 

http://f1000.com/prime/reports/m/3/16/fig-002
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Conjugate meningococcal 
vaccine development



Development of meningococcal vaccines

Early meningococcal vaccine development (1982)

• Polysaccharide meningococcal vaccines were derived from capsular 
polysaccharide which is a virulence factor for the bacteria and helps 
prevent immune-mediated bacterial killing

• Monovalent and multivalent

• Ineffective in young children < 2 years

• No herd immunity effect

Conjugate meningococcal vaccine development

• Capsular polysaccharides are conjugated to a carrier protein to induce 
a T-cell-dependent response, making these vaccines immunogenic 
from early infancy.

• Monovalent as well as multivalent vaccines

• Herd immunity impact



Clinical trial development of meningococcal conjugate vaccines

van der Vliet D et al. (2021). Epidemiology and Infection 149, e50, 1–10. 

Several conjugate vaccines have been developed using different carrier proteins including –
MenACWY-TT, MenACWY-CRM, MenACWY-Dip 

MenC and MenACWY conjugate vaccines are immunogenic in infants and adolescents



Safety of meningococcal conjugate vaccines

Halperin S. et al. Eur J Clin Microbiol Infect Dis (2010) 29:259–267

MenC and MenACWY vaccines are 

• safe to use in all age groups

• ~10% of infants may develop a temp. 

>38.5°

• Safely be administered concomitantly with 

other vaccines including meningococcal B 

vaccines



1. Villena R et al. Hum Vaccin Immunother. 2023;19(2):2251825. 2. McMillan et al.  Clinical Infectious Diseases 2021;73(3):e609–19 

Conjugate meningococcal ACWY vaccines are highly effective 
in reducing disease

MenACWY included on the NIP 

- 12 months

- 14-16 years

- Medical risk conditions



Meningococcal B 
vaccine 
development



Meningococcal B vaccine development

Capsular polysaccharide Men B vaccines

• capsular based meningococcal B vaccines are poorly immunogenic 

o mimics neural cell adhesion molecule (PSA-NCAM) expressed on 

surface of human foetal neural tissue

• potential to induce auto-antibodies

• Phase 1 Men B vaccine study in adults, antibodies were non-functional

Vaccines to protect against epidemic disease

• Epidemic outbreaks in Cuba and New Zealand

• Outer membrane vesicles (immunodominant outer membrane protein, 
porin A (PorA))

• Strain specific response, unable to generate antibodies against 
heterologous strains

• OMV VA-MENGOC-BC (Cuba)

• OMV MeNZB (New Zealand)

Wyle FA et al. I Infect Dis 1972;126:514-21



Development of broadly protective meningococcal B vaccines required 
a new approach – Reverse Vaccinology 

Vaccines to protect against endemic disease

• Identification of outer membrane proteins that are immunogenic, conserved and surface exposed - Reverse 
vaccinology

• Subcapsular antigens for protection against endemic disease
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Sadarangani M and Pollard A, Lancet Inf Dis 2010; 10:112-24



Meningococcus Vaccine Targets identified through reverse vaccinology
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Morley SL, Pollard AJ, Vaccine 2001

Strain specific MenB vaccines (MeNZB) 

– Outer Membrane Vesicle

Broad protection - Multi-component 
vaccine ‘4CMenB’

- Factor H binding Protein

- NadA

- NHBA

- Outer Membrane Vesicle (PorA)

Sadarangani M and Pollard A, Lancet Inf Dis 2010; 10:112-24
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NadAfHbp NHBA

+

PorA (P1.4)

OMVs from the New 
Zealand strain (NZ 

98/254)

Three recombinant proteins discovered by reverse 
vaccinology

= 4CMenB

Donnelly J, et al. Proc Natl Acad Sci U S A. 2010;107:19490-19495 

Meningococcal B vaccines: 4CMenB (Bexsero; GSK)



Meningococcal B vaccines: MenB:fHbp (Trumenba; Pfizer)
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fHbp (family A) fHbp (family B) 

recombinant lipidated factor H binding protein meningococcal serogroup B vaccine
• 60 µg Neisseria meningitidis serogroup B factor H binding protein subfamily A
• 60 µg Neisseria meningitidis serogroup B factor H binding protein subfamily B

=  MenB:fHbp

fHbp is a bacterial virulence 
factor
• Assists in bacterium evading 

complement mediated 
bacteriolysis



Immunogenicity of 4CMenB vaccine components assessed in phase III 
studies
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1. Vesikari T, et al. Presented at IPNC. Banff, Canada. Sept 11-16, 2010, Poster #180.    2. Vesikari T, et al. Present at: 29th ESPID Meeting, June 7–11, 2011. The Hague, The Netherlands.
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Meningococcal B Vaccines

4CMenB 

Licensed in the EU, Australia, Canada, USA

• Use from 6 weeks of age

• OMV + fHBP + NadA + NHBA

• clinical trials in adults, adolescents, toddlers 
and infants

• Immunogenic with acceptable safety profile in 
clinical trials

MenB:fHbp

• Licensed in Australia, USA, EU, Canada for ≥ 10 
years of age 

• fHBP, subfamily A & subfamily B

• Clinical trials in adults, adolescents and 
toddlers (infant study discontinued)

• Immunogenic with acceptable safety profile in 
clinical trials
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≥40°C
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4CMenB + Routine

2-4-6 mo
N = 605-624

4CMenB Alone

2-4-6 mo
N = 592-612
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Routine

3-5-7 mo
N = 602-627

Routine

2-3-4 mo
N = 304-311
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Routine vaccines: Infanrix-hexa, Prevenar 

Safety of 4CMenB vaccine in infants 

Increased risk of fever with co-administration of routine vaccinations

Adapted from Gossger, Snape et al JAMA 2012;307(6):573–582.



4CMenB vaccine safety in infants in a population program

Bryan P et al. The Lancet Child Adol 2018;2(6):395-403

Prophylactic paracetamol  prior to and 
following 4CMenB vaccination in infants 
< 2 years



Minimal interference when 4CMenB is administered with routine 
vaccines

Adapted from Gossger, Snape et al JAMA 2012;307(6):573–582.



4CMenB vaccine clinical program

Licensed

• EU, UK, USA, Australia, Brazil, Argentina

• Initially licensed in a 3+1 schedule for infants and 2 dose schedule for adolescents

• Alternative 2+1 schedule now used in most countries (UK, EU, Australia)

• Use of anti-pyretics (eg paracetamol) to reduce fever when administered to infants with 
routine immunisations

Population programs

• UK, Italy, Ireland, Australia, NZ

• Australia 
• NIP for Aboriginal and Torres Strait Islander infants and medical risk conditions

• State/Territory funded programs – SA, NT, Qld, Tas (to commence soon) for infants and adolescents



Vaccine impact and effectiveness 
in infants, UK; 4CMenB

Ladhani SN et al. NEJM 2020;382(4):309-17

Coverage

• 92.5% uptake of dose 1&2

• 87.9% uptake 3 doses by 2 years of age

Vaccine Impact

• 75% reduction in MenB disease in vaccine 

eligible cohort

Vaccine Effectiveness: 59.1% (95%CI -31.1, 87.2)



4CMenB vaccine effectiveness against diverse MenB strains 

Meningococcal Antigen Typing System is a system for 
assessing panels of region specific meningococcal strains for 
presence of at least one expressed antigen sufficiently 
matched to allow killing by vaccine induced antibodies



4CMenB vaccine coverage predicted by MATS is variable by region

4CMenB coverage depends of epidemiology and diversity of 
MenB strains globally
Some strains may not express any of the proteins contained 
in the vaccine

Prediction based on a proprietary Meningococcal Antigen 
Typing System 

Australia:~76% (95%CI 63–87%) preventable by 4CMenB
Varies by country

1. Medini et al. Vaccine 2015;33:2629-2636  2. Tozer S et al. Human vaccines and immunotherapeutics 2021;17(9):3230-3238



4CMenB strain coverage against non-MenB strains due to expression 
of OMPs in other serogroups

1. Tozer S. et.al. IPNC Wurtzberg, Germany 2012    2. Ladhani et al Clinical Infectious Diseases 2021;73(7):e1661–8

Australian meningococcal non-B strains expressing 4CMenB Antigens 

in MATS

Impact of 4CMenB vaccine on serogroup W in the UK



Next generation pentavalent Men ABCWY vaccines

ABCWY – licensed in the US (Pfizer, GSK)          ACWYX – other potential pentavalent vaccines

1.   Welsch et al. Vaccine 2018;36(35):5309-5317.           2.   Peterson J et al. Lancet Infect Dis 2023;23(12):1370-1382    3. Kulkami et al. Lancet ID 2025;25:399-410
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