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Cases of H. influenzae type b meningitis 
(quarterly reports)

“sawtooth”
 

pattern 
with winter peaks of 
invasive infection











Post-neonatal
 

H. influenzae meningitis
eradicated by Hib polysaccharide conjugate vaccine

Hib programme begins:
Infants 2/3/4 + catch-up
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Jones DB, Kaczmarski EB.  Report of the Meningococcal Reference lab for 1990

Meningococcal disease, E&W, 1984-



Changing patterns of case ascertainment and trends in meningococcal disease in
England and Wales. M Ramsay, E Kaczmarski, M Rush, R Mallard, P Farrington, 
J White.  CDR Review 7 (4) 4th

 

April 1997

Numbers of cases of meningococcal 
disease reported 1989 -

 
1995



Cases of Meningococcal Disease 
England & Wales -

 
5-weekly moving averages

1992 to 1997
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N. meningitidis serogroup C

•
 

Capsule: (α2 9)–linked polysialic acid



July 21st

 
1999



Implementation of Group C 
meningococcal vaccination in the 

UK, November 1999 -

Serogroup C polysaccharide-protein conjugate vaccines 
from three manufacturers (Wyeth, Chiron, Baxter).

_____________________________________________

early Nov 1999
 
15-19 year olds (single dose)

late Nov 1999
 
infants (multiple doses)

Jan 2000 -
 

10-14, 1-4, 5-9 (single dose)



Department of Health press release

Vaccination started in November 1999, and by January 2001:

•
 
90% drop in cases in <1y and 15‐17y age groups first 

 immunised

•
 
500 cases of MenC disease, and 50 deaths, estimated to 

 have been avoided

•
 
75% drop overall, with increased impact anticipated …

“UK the first country in the world to develop, 
 fund and introduce MenC vaccines.”



Laboratory Confirmed Cases of Meningococcal Disease 
England & Wales, 5‐weekly moving averages, to 07/01/09
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Group B meningococcus

Post-neonatal bacterial meningitis in the UK 2008



N. meningitidis serogroup B

•
 

Capsule: (α2 8)–linked polysialic acid
‐

 
invariant;  BUT

 
self‐antigen



N. meningitidis serogroup B

•
 

Capsule: (α2 8)–linked polysialic acid
‐

 
invariant;

 
BUT

 
self‐antigen

•
 

Outer membrane proteins (OMPs) 

•
 

many of high diversity   ‐
 

variable expression

many of high diversity
 

‐
 

immune selection 

fHbp

Courtesy of Paul Balmer

NadA

PorA



PorA (P1) –
 

serosubtyping antigen 
 VR1‐VR2 typing

VR1 VR2

data of Van der Ley et al., 1991; Pizza et al., 2000

Bacterial 
outer 
membrane

Seq variability 
in 22 strains



•
 

immunodominant PorA is 
 hypervariable

•
 

Are there invariant OMPS?

Vaccines for endemic meningococcal B disease
 challenging strain diversity

PorA diversity, N. Spain, 2000‐3
P1.5‐1, 10‐8

P1.5‐1, 10‐4

P1.5‐2, 10‐2

P1.5‐2

P1.5‐1, 2‐2

P1.7‐2, 14

P1.7‐2, 4

P1.7‐2, 4‐2

P1.17, 9

P1.18‐7, 9

P1.19‐14, 9

P1.22, 9

P1.19‐2, 13

P1.19‐2, 13‐1 

P1.21, 14

P1.22, 14

P1.22‐1, 14

P1.19, 15

P1.19, 15‐1

P1.19‐10, 15

P1.21, 15

Diego Vicente et al, 2005





OMVs and vesicle vaccines –  1980s

•
 

OMVs potentially contain all surface‐exposed antigens
BUT

•
 

PorA immunodominance



Cuba ~ 90%

Brazil  74%

Norway  54% 



Group B meningococcal OMV vaccines 

The New Zealand experience ‐  MeNZB
Pre‐1991

 
~ 50 cases of meningococcal disease annually

1991  
 

Epidemic began:  80% B‐4  (PorA: P1.7‐2,4)

2001
 

651 cases (>200 per 100,000 children less than 1 
 year of age in 2004)



Group B meningococcal OMV vaccines   for epidemics

The New Zealand experience ‐  MeNZB
Pre‐1991

 
~ 50 cases of meningococcal disease annually

1991  
 

Epidemic began:  80% B‐4  (PorA: P1.7‐2,4)

2001
 

651 cases (>200 per 100,000 children less than 1 
 year of age in 2004)



Novartis MeNZB OMV vaccine in New Zealand 
~ 1M under‐20s; roll‐out 2004‐6

Impact on the New Zealand epidemic



Discovering elusive conserved proteins   of meningococcus B



Discovering elusive conserved proteins   of meningococcus B
A vaccine for endemic  disease?



Discovering elusive conserved proteins of 
meningococcus B

“Reverse Vaccinology”
 

–
 

from genes to vaccines



A universal vaccine for serogroup B meningococcus
Giuliani MM et al. 2006. 

•
 

NadA  –
 

adhesion protein
•

 
fHbp   –

 
Factor H binding protein

•
 

NHBA
 

–
 

heparin-binding antigen

•
 

+ PorA sero-subtype P1.4

“…
 

the vaccine induced broad protection that was not sero-
 subtype-specific and covered most of the population diversity”.



NadA

OM‐anchored trimeric adhesin

strong bactericidal response, 
 protective after passive 

 immunization of infant rat

Unknown function. 
Definitely not essential for 

 viability / pathogenic behaviour 
 (null alleles)

Several subtypes,  cross‐
protective immune response.  
But n.b. those null alleles.

fHbp

Surface‐exposed lipoprotein

strong bactericidal response, 
 protective after passive 

 immunization. 

Binds Factor H (key regulator of 
 Complement activation via

 
the 

 Alternative Pathway).  
? Essential for full pathogenic 

 behaviour; variable expression level. 

Three genetic variants; 
1 & 2/3 are poorly cross‐reactive.

after Bambini et al 2009



4CVMenB -
 

investigational 
Novartis MenB vaccine

NadA, fHbp, NHBA + PorA P1.4

Immunogenicity studies in UK infants, 
reported in May 2008

injections at 2/3/4 m, + 12 m booster.

1 month post booster, protective levels against strains used to make the vaccine:

100%,  100%,   98%,  &  93%, + evidence of immune memory
fHbp  NHBA  NadA    P1.4



The Independent, London. 15th May 2008 



4CVMenB -
 

investigational 
Novartis MenB vaccine

NadA, fHbp, NHBA + PorA P1.4

Immunogenicity studies in UK infants 
reported in May 2008 and subsequently

injections at 2/3/4 m, + 12 m booster.

1 month post booster, protective levels against strains used to make the vaccine:

100%,  100%,   98%,  &  93%, + evidence of immune memory
fHbp  NHBA  NadA    P1.4



Does it work?

Insights from 

genotyping

meningococcal strains



Strain collection for vaccine appraisal in UK
 HPA Meningococcal Reference Unit, Manchester

Data courtesy of Professor Ray Borrow, HPA

Capsular serogrouping (n = 613)
All invasive meningococcal isolates submitted Jul ‘07‐

 
Jun ’08



Strain collection for vaccine appraisal in UK
 HPA Meningococcal Reference Unit, Manchester

– PorA (P1.4) 22% +ve
– NadA

 
9.5% +ve

– fHbp 65% +ve
– NHBA

 
~100% +ve

=========================
but gene expression uncertain . . .

Genotyping of Men B strains submitted Jul ‘07‐
 

Jun ’08

for 4CVMenB coverage



Does it work?

Insights from 

immuno‐phenotyping

meningococcal strains



Immuno‐phenotyping for “vaccine 
 preventability”

1.
 

Bacterial antigens extracted for antibody inhibition ELISA, using 
pooled sera from adult and infant vaccinees.

2.
 

Results correlated with bactericidal assay using standard strains

3.
 

124 serogroup “international”
 

B strains:
Meningococcal Antigen Typing correlated with killing (the “MATS 

assay”). 

•
 

3 vaccine Ags above threshold, 100% killed by pooled adult sera
•

 
2 vaccine Ags above threshold, 94% killed by pooled adult sera

•
 

1 vaccine Ag above threshold, 85% killed by pooled adult sera

4.
 

UK strain collection estimated coverage high 70s %



15th
 

November 2012

European Medicines Agency, 

Committee for Medicinal Products for Human Use.

“Positive Opinion”
 

for BEXSERO
for active immunisation of individuals >2 months old 

 against invasive infection caused by 
Neisseria meningitidis serogroup B



22 January 2013 Last updated at 09:58
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•

 

Similar trend in Scotland of a reduction in total number of cases2

Year

1. Health Protection Agency. Meningococcal Disease. Epidemiological Data. Serogroup breakdown 1998–1999 to 2009–2010. 

 

http://www.hpa.org.uk/web/HPAweb&HPAwebStandard/HPAweb_C/1234859711901.
2. Health Protection Scotland. Immunisation and vaccine preventable disease. Meningococcal disease. http://www.hps.scot.nhs.uk/immvax/meningococcaldisease.aspx.
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