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Burden of meningitis

In 2016:

2.8 million cases

318,400 deaths

GBD 2016 Meningitis Collaborators, Lancet Neurology 2018
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Global Burden of meningitis

GBD 2016 Meningitis Collaborators, Lancet Neurology 2018
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Vaccines for meningitis 
pathogens

Vaccine Type Impact

TB Live attenuated 
bacterium

+

Mumps (MMR/MR) Live attenuated virus +++

Hib Glycoconjugate +++

MenACWY + X Glycoconjugate +++

MenB OMV/Protein ++

PCV10/13/15/20+ Glycoconjugate ++

GBS Glycoconjugate or protein ?

E. coli, Listeria, 
Klebsiella, 
Staphylococcus

- -
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Vaccines for meningitis 
pathogens

Vaccine Type Impact New 
developments

TB Live attenuated bacterium +

Mumps (MMR/MR) Live attenuated virus +++

Hib Glycoconjugate +++

MenACWY Glycoconjugate +++ +X 

MenB OMV/Protein ++

PCV10/13 Glycoconjugate ++ PCV15/20+
Whole cell? 
Protein?

GBS Glycoconjugate or protein ?

E. coli, Listeria, 
Klebsiella, 
Staphylococcus

- -
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Figure 1a. Hospital admission rates for viral 
meningitis in children younger than 15 years 

Group C Meningococcus

Pneumococcus

Viral meningitis

Hib
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Group B Meningococcus

Ladhani, NEJM 2020
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Vaccines for meningitis 
pathogens

Vaccine Type Impact New 
developments

TB Live attenuated 
bacterium

+

Mumps (MMR/MR) Live attenuated virus +++

Hib Glycoconjugate +++

MenACWY + X Glycoconjugate +++

MenB OMV/Protein ++

PCV10/13/15/20+ Glycoconjugate ++

GBS Glycoconjugate or 
protein

? Various 
products

E. coli, Listeria, 
Klebsiella, 
Staphylococcus

- -
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Vaccines for meningitis 
pathogens

Vaccine Type Impact New 
Developments

TB Live attenuated 
bacterium

+ M72/AS01

Mumps (MMR/MR) Live attenuated virus +++

Hib Glycoconjugate +++

MenACWY + X Glycoconjugate +++

MenB OMV/Protein ++

PCV10/13/15/20+ Glycoconjugate ++

GBS Glycoconjugate or protein ?

E. coli, Listeria, 
Klebsiella, 
Staphylococcus

- -
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COVID vaccine technologies

DNA RNA Protein

Viral vector

DNA vaccine
RNA vaccine Protein vaccine

Whole cell Inactivated
or deactivated vaccine

Pneumococcus
TB

Pneumococcus
2nd Gen, MenB
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Genetic technologies

• Advantages of Viral Vector and RNA 
vaccines:
– High antibody responses
– Strong T cell responses
– High efficacy

Sheikh et al NEJM 2021

VE against death from the delta variant 

• 90% (95% CI, 83 to 94) for BNT162b2 
• 91% (95% CI, 86 to 94) for ChAdOx1 nCoV-19
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Vaccine effectiveness for current 
meningitis vaccines

Vaccine VE

Hib 95%

MenC 90%*

MenACWY 92% for W

MenB 52-59% against MenB
69% against MenW

PCV 56% overall reduction after 4 years
(86% reduction in PCV7 types and 
69% reduction in PCV13 types)

Heath, PIDJ 1998
Borrow & Miler, ERV, 2014
Ladhani et al, CID 2021
Ladhani NEJM 2020
Waight et al, TLID, 2015
Ohm et al, CID, 2021

*but declined over time in youngest age groups, though controlled through herd immunity
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Antigen display

• Which protein?
• Protein folding a particular issue for bacterial 

membrane proteins eg PorA
• Multimer assembly
• Multi-antigen gene inserts in viral vectors – pick the 

vector
• Formulation? Mixing of RNA or VV
• Dose requirements needs attention (eg tolerability of 

multiple LNPs)
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Glycosylation

Mammalian Glycan Linkages Produced by 
Glycosylation
There are nine nucleotide sugar donors and 
multiple protein and lipid acceptor motifs for 
glycosyltransferases, which produce 14 
different glycans in stereoisomeric 
configurations (α or β) linked at the number 1 
position of the donor sugar ring. The attached 
monosaccharide frequently then becomes a 
saccharide acceptor in 1 of 49 other 
glycosyltransferase reactions. This results in 
glycosidic bonds with α or β configurations of 
the donor saccharide linked through position 1 
or 2 to position 2, 3, 4, or 6 of an acceptor 
saccharide.

Viral proteins are designed to be made in mammalian cells, 
but bacterial proteins aren’t 

Ohtsubo, Cell 2006
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Ad-PorA

Marsay et al, unpublished
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Ad-PorA

Marsay et al, unpublished
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Ad-NadA

x63

Ad NadA induces 
antibody 
responses (ELISA) 
but NO hSBA 
(<1:4, data not 
shown)An
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Vaccine administered Day 0



www.ovg.ox.ac.uk

Immunisation with Ad-fHbp

Ad fHbp 
antibody responses 
(ELISA, not shown) 
+ hSBA

hfH
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Normal Development

Vaccine 
design

Animal 
studies

Phase I/II 
GMP Phase I Phase IIIPhase II Upscale

GMP

Licensure

5-15 years

Phase III 
GMPAntigen 

selection

Establish 
immuno 

and safety

Is there 
sufficient 
case to 

persuade 
someone 
to pay for 

GMP

Is there a 
phase 1 
GMP slot 
available

(18months-
2 years)

Are the 
phase 1 
results 
good 

enough to 
proceed

It 
was 
the 

wron
g 

antig
en

OK, so looks 
safe and 

immunogeni
c but are we 
sure there is 

a market 
that 

justifies 
phase III, is 

it cost-
effective

Are 
you 
sure 
there 
is a 

mark
et

There is no 
correlate 

and no one 
can agree 

on the 
phase III 

trial 
proposal as 

they are 
worried it 
wont be 

accepted or 
it is too big 
or too flaky
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Licensing approach for a new 
technology

• Meningococcus – SBA vs licensed 
comparator

• Pneumococcus - ??OPA, efficacy, 
Challenge model as an add on to PCV?

• TB - efficacy



www.ovg.ox.ac.uk Christensen, BMJ 2014Cost-effectiveness
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COVID19 vaccine Development 

Vaccine 
design Animal studies

Phase I/II 
GMP

Phase I

Phase III

Phase II

Upscale
GMP

LicensurePhase III 
GMP

6-12 months

Speed = Financial risk
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Oxford Vaccine Development

Pre-GMP

Sequence arrives

11/1/20

Animal studies

Manufacturing starts

16/3/2020

First dose in vial

2/4/2020

Vaccine released to trial

22/4/2020

1 or 2 dose schedule

Phase I/II trial
1077 UK

23/4/2020

UK 

20/6/2020
10,416

Brazil

South 
Africa

Phase II/III trials

Phase II on 28/5/2020

Regulatory submission

Interim results
23/11/2020

MHRA EUA

30/12/2020

8 months
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Speeding up?

Vaccine 
design

Animal 
studies

Phase I/II 
GMP Phase I Phase IIIPhase II Upscale

GMP

Licensure

5-15 years

Phase III 
GMP

Antigen 
selection

And vaccine 
formulation

The market 
and cost-

effectiveness
concerns

Financing to 
avoid delay

Phase III 
trials and 
Licensing 
challenges

The problem is not regulation!
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faster, cheaper meningitis 
vaccines, and regulatory 

lessons
• Faster

– Definitely possible if no scientific hurdle and there is a 
clear market and the financing to do the development 

• Cheaper
– Cost of goods could be cheaper but these are still 

biological products and not chemical drugs 
– price will be driven by the market

• Regulatory lessons
– Regulators are not the main obstacle
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Global burden
• Existing technologies can still have a huge impact in global burden of 

deployed effectively

• Broader pneumo vaccines (PCV+) bring further potential soon

• GBS

• Second generation MenB

• New TB vaccines
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GBD 2016 Meningitis Collaborators, Lancet Neurology 2018
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