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EFFECTIVE DESIGN, DEVELOPMENT AND EVALUATION OF
MENINGITIS VACCINES
Summary of the impact:
Research performed by the University of Oxford has led to increased protection against
meningococcal meningitis, through childhood immunisation in the UK and internationally. Around
600,000 infants each year receive meningococcal vaccines, which prevent up to 1,000 cases of
meningitis per annum. Research into the immune responses to polysaccharide conjugate vaccines
has changed policy by leading to the introduction of new meningococcal C vaccines in early
childhood and booster vaccination in adolescents. Oxford University research has also led to the
planned use of vaccines against serogroup B meningococcal disease, which have been licensed
and recommended for the prevention of disease in high-risk individuals, and broader use is under
consideration.
Underpinning research:
Meningococcal disease is the leading infectious cause of death in children in the UK, and its
prevention is a major objective of the Oxford Vaccine Group, directed by Professor Andrew Pollard.
During the period from 2001-2013 more than 10,000 volunteers were enrolled in clinical studies in
Oxford, mainly children, and the research provided new insight into the design, development and
evaluation of novel vaccines for meningitis and specifically meningococcal disease.
Clinical Trials of New Meningitis Vaccines
The University of Oxford has been at the forefront of the evaluation of novel meningitis candidates
in infants and young children. The first global clinical trials in infants of a quadrivalent
meningococcal vaccine (MenACYW, Menveo, Novartis vaccines)1, a combination Haemophilus
influenzae type b-serogroup C meningococcal vaccine (Menitorix, GSK vaccines)2 and the first
trials of the leading serogroup B meningococcal candidate vaccine (MenB, Bexsero, Novartis
vaccines)3 were undertaken in Oxford and Professor Pollard was the chief investigator for the panEuropean phase 3 study of the MenB vaccine (1,885 infants enrolled)4. These studies showed that
the vaccines were safe and highly immunogenic in infants and toddlers. Oxford researchers have
also led the development of novel vaccine candidates for the prevention of serogroup B
meningococcal disease. Several different vaccine approaches were evaluated through preclinical
development including vaccines that use viral vectors to deliver candidate bacterial proteins,
purified protein vaccines, and outer membrane vesicle vaccines. All of these candidates have been
designed and produced by the University and tested in preclinical studies and one is in Phase I
evaluation.
Laboratory Evaluation of Immune Responses
New understanding of the development of immunity to bacterial polysaccharide and proteinpolysaccharide conjugate vaccines was obtained by the Oxford Vaccine Group, including a major
contribution to the understanding of immunological hyporesponsiveness using B cell ELISPOT
assays developed by the University. In these studies it was found that antigen-specific B cells were
depleted by plain polysaccharide vaccines but not conjugate vaccines4, reducing responsiveness
to subsequent vaccine doses. In studies of conjugate vaccines, a strong relationship between
germinal centre priming in infants and the magnitude of the immune response was found,
suggesting that strategies favouring production of memory B cells might lead to better magnitude
and persistence of immune responses6. Evaluation of the serogroup C meningococcal vaccine
(introduced in the UK in 1999) demonstrated that immunity after early childhood vaccination does
not persist and that the population immunised before 6 years of age have now become susceptible
again. Further data collected in Oxford indicate that adolescent booster doses of vaccine appear to
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overcome this and that adolescents produce far more persistent immune responses leading to new
vaccine strategies7.
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Details of the impact:
Meningitis C:
The studies on meningitis vaccines led by the University of Oxford have had a direct impact on
national and international immunisation policy. Trials of the combination Haemophilus influenzae
type b-Serogroup C meningococcal meningitis vaccine (Menitorix, GSK vaccines)2 supported
recommendations for its use in several countries including the UK and Australia7 as a booster dose
for toddlers. The quadrivalent meningococcal vaccine (MenACYW, Menveo, Novartis Vaccines)1 is
now recommended for high-risk groups and travellers by the UK Department of Health following
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the study in infants conducted by the Oxford Vaccine Group. These recommendations were widely
reported8 and led to the vaccines’ licensure9, and are cited in the US recommendations. In areas
where meningitis C vaccines are used, serious disease caused by the targeted bacteria has
essentially ceased. Over the past 5 years there have been just 2 deaths in people under 20 years
of age, in comparison to 78 deaths in the UK in the year prior to the Department of Health’s
introduction of these Meningitis C vaccines10. The phase 4 studies designed and conducted at the
University of Oxford, which showed that those vaccinated with serogroup C meningococcal vaccine
in early childhood can lose immunity, together with data from the Health Protection Agency, led to
widespread changes in immunisation policy in those countries using the vaccine11. This also led to
widespread media coverage. Adolescent booster doses have been recommended in many
countries including the UK11, Canada12 and the USA13, with national recommendations citing
studies by the University of Oxford as primary evidence.
Meningitis B:
Studies on serogroup B meningococcal vaccines have led to major media interest following
conference presentations of trials conducted in Oxford including numerous newspaper reports,
front page coverage by the Independent (2008), Daily Mail and extensive BBC News reporting.
The first infant studies of a new serogroup B vaccine (Bexsero) were conducted in Oxford and
have been extensively cited. Professor Pollard was asked to give evidence to the World Health
Organization in April 2011 on serogroup B meningococcal vaccines14. In addition, the first phase 3
infant study in Europe, led by Oxford University investigators, assembled with data from other
global studies, led to licensure of the vaccine by the European Medicines Agency in early 2013. A
recommendation in the UK for use of the vaccine among high risk groups and laboratory workers
has been made15, and its routine use for children is being considered by the Department of
Health16. The design and development of new vaccines for serogroup B meningococcus by Oxford
University have led to a number of patents on the candidate vaccines (based on various surface
proteins including Opa, PorA and FetA17), which provide a licensing position for the University as
these vaccines progress through early phase clinical trials.
Conduct of Trials:
Studies on plain polysaccharide meningococcal and pneumococcal vaccines provided the first
direct demonstration that these vaccines do not induce memory B cells, explaining the
phenomenon of hyporesponsiveness (where “booster” doses of vaccines do not induce an immune
response). This led to a change in policy for vaccine trials, which had previously used plain
polysaccharides to test immunological memory. This outcome was cited in a commentary from
Novartis Vaccines in 200918.
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