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Introduction
When I was working in public health (control of communicable 
diseases) in the UK in the 1990s, a large part of the job related 
to the public-health management of meningococcal disease. A 
virulent strain of group-C meningococcal disease became more 
common, and caused a great deal of anxiety.
	 As with disease caused by other strains of meningococci, the 
onset was non-specific and could develop rapidly from a mild, 
influenza-like illness into fulminating septicaemia and death. 
Outbreaks of the C strain occurred in secondary schools and col-
leges, and teenagers died from it [1,2]. The media picked up on 
this, and each case of meningitis or meningococcal disease would 
be reported. When we offered antibiotic chemoprophylaxis or a 
polysaccharide vaccine, people would queue round the block for 
it; and people with little or no contact with the case demanded 
antibiotics, hoping for protection. The UK acted quickly, imple-
menting a vaccination programme with a new meningococcal 
group-C conjugate (MCC) vaccine when it became available in 
1999. The vaccine was offered to everybody up to the age of 18 
years, and to those entering higher education for the first time 
(and subsequently to others in their early twenties). The UK was 
the first country to include the vaccine in its routine national 
schedule.
	 The herd immunity that this vaccination brought about re-
duced the prevalence of group-C disease down to very low lev-

els quite quickly [3,4] – most cases since then have been due 
to unvaccinated new entrants to the UK. Other countries have 
reported similar experiences [5,6]. 
	 The group-C strain that had become prevalent was unusu-
ally virulent [7]: it was more likely to cause severe morbidity or 
death than other strains. The prevalence of group-C carriage in 
healthy people was much lower – colonisation was far more often 
followed by invasive disease. Unlike the group-B strain (which 
mainly affects younger children), the group-C strain also seemed 
to affect teenagers.
	 Nevertheless, even though group-C disease became more 
common, it did not overtake group-B disease in terms of prev-
alence; the prevalence of fatality for group-B disease remained 
substantial at ≈5–10% [8]. The prospects for a vaccine against 
this strain of disease seemed good, if only it were not so difficult 
to produce a vaccine.

MCC vaccine 
The MCC vaccine mentioned above used an antigen from the 
polysaccharide coat of the organism, joined (hence the term ‘con-
jugated’) to a more immunogenic molecule. It provided good 
immunity with T-cell recruitment and immune memory, and 
therefore long-term protection. (Previous unconjugated polysac-
charide vaccines were less effective, only worked in older children 
and adults, did not recruit T cells [so did not provide herd immu-
nity] and were effective only for a limited period.) Unfortunately, 
the equivalent polysaccharide molecule for group-B strains can-
not be used because it is too similar to self-antigens, and therefore 
does not work as a vaccine [9]. 
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Basic principles of vaccine development
The ‘holy grail’ for a vaccine is a product which: is 100% effec-
tive in all groups at risk of the disease (including, for menin-
gococcal disease, small infants); works for a long time; prevents 
carriage and not just disease; is very safe; and is cheap. Antigens 
should be constant across all groups (e.g., for meningococcus) 
and not mutate quickly to evade the vaccine antibodies (e.g., for 
influenza). In the real world, no vaccine will fully match up to 
these ideals but, the closer they come, the better. 
	 Vaccines using outer-membrane vesicle proteins had been de-
veloped for use in specific outbreaks in Cuba and New Zealand. 
They were effective against the outbreak strains but they were not 
effective against meningococcal strains that were prevalent else-
where [10]. To overcome this shortcoming, and to reduce the like-
ly impact of ‘type replacement’ (see below for definition), Novartis 
used ‘reverse vaccinology’. This involves studying meningococcal 
DNA to identify the proteins it codes for, and looking for suitable 
antigens to use as vaccine targets [11,12]. For Bexsero® they chose 
distinct antigen components: factor H-binding protein variant 
1.1 (fHbp 1.1); Neisseria meningitidis adhesin A (NadA); Neisseria 
meningitidis heparin-binding antigen (NHBA); and PorA [10]. 
(Other candidate vaccines have chosen different target antigens 
[13].) Bexsero® was recommended for approval by the European 
Medicines Agency in November 2012 and approved on 22 Janu-
ary 2013 [14]. This approval followed publication of studies sug-
gesting that it is likely to be effective against ≈80% of currently 
circulating strains of group-B meningococci [15]. 
	 Now the vaccine is licensed, government health departments 
have to decide if they should fund this vaccine. There will be no 
shortage of voices advocating for them to do so: doctors who 
have seen patients die from or disabled by the disease; patients 
and their families; and meningitis charities. These groups will 
press for the vaccine to be introduced as soon as possible sup-
ported, of course, by the manufacturers who will be keen to see a 
return on their investment. However, do we know enough about 
the vaccine to be sure that it is worth its – likely to be consider-
able – cost? 

Incidence of meningococcal disease
Meningococcal disease is not common. In 2009, the incidence 
was only 0.89/100,000 population in Europe, with the highest 
recorded incidence in Ireland and the UK (3.01 and 1.93 per 
100,000, respectively) [8]. This makes estimation of real-world 
efficacy through pre-marketing research very difficult. Measures 
have been developed to estimate vaccine efficacy (e.g., serum  
bactericidal antibody [SBA] assays appear to be a reasonable proxy) 
but, until the vaccine has been in widespread use, questions will  
remain [9,16]. 

Effectiveness of vaccines: important 
features to consider
Efficacy in vaccinated individuals is not the only important fac-
tor. It is not clear to what extent – if at all – the vaccine will 
prevent carriage, and therefore provide herd immunity. It is not 
clear how long the protection will persist or indeed the duration 

of bactericidal antibody levels (meningococcal disease progresses 
rapidly so sufficient levels of circulating antibodies are required, 
not just immune memory).
	 We know that, before its introduction, ≈20% of circulating 
strains of group-B meningococci are not going to be prevented 
by Bexsero®, so this vaccine will not be able to eliminate menin-
gococcal disease altogether [15]. These strains will continue to 
circulate, and the greatest health gain that can be expected is an 
80% reduction in disease. As the prevalence of vaccine-prevent-
able strains falls, their place may be taken by strains against which 
the vaccine is less effective (i.e., type replacement). 
	 PorA antigens (such as those in Bexsero®) are highly variable 
and change over time. Hence, antibodies that target the PorA 
antigens that are prevalent might not be effective against the an-
tigens that circulate in the future. In a manner analogous to an-
timicrobial resistance, if vaccines eliminate most of the strains of 
meningococcus that have the targeted antigens, the strains that 
survive may be the ones with variant antigens. After a period of 
‘vaccine pressure’, strains with different PorA antigens might re-
place the currently prevalent strains [10]. The inclusion of other 
antigens in Bexsero® should reduce this risk. Bexsero® might pro-
vide protection for many years, but type replacement could make 
the vaccine far less effective (or even obsolete). Whether this  
phenomenon will happen within years, decades, or at all cannot 
be predicted.
	 Type replacement is one of the hardest factors to predict. Type 
replacement has occurred following the introduction of pneu-
mococcal conjugate vaccines; but relatively slowly, and only to a 
fairly limited extent [17–19]. Preliminary data after introduction 
of the MCC vaccine suggest little type replacement in the UK 
[20]. However, there is no guarantee that the same would apply 
to other meningococcal vaccines because we have little experi-
ence with vaccines targeting these antigens. 

Does the burden of disease justify the 
cost of vaccination? 
Work is ongoing to monitor the burden of meningococcal dis-
ease across Europe [21]. In population terms, the illness is not 
that common. In the UK, it seems to have become less common 
recently, although this is not true for Europe overall [8, 22–25]. 
(Figure 1 shows data for England and Wales [25].) Most patients 
are not ill for very long, and most of those who survive soon 
recover. Compared with the costs of many other conditions with 
a longer duration of illness, meningococcal disease does not cost 
the taxpayer very much from a financial viewpoint. The number 
of deaths (and therefore the value of preventing these deaths) is 
not very high. 
	 Many economic analyses of meningococcal vaccines have 
considered only the short-term, health-sector costs of the disease 
because these are relatively easy to measure. A recent study found 
that about one-tenth of survivors had major sequelae (e.g., major 
amputations, very low IQ, seizures, or deafness) and that as many 
as one-third of survivors had minor deficits (most had a poorer 
IQ than those of controls). This damage reduces the subsequent 
ability to contribute to society, and means that patients have ad-
ditional medical or social needs that must be met.
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	 If these costs of the disease are considered and the value of 
preventing them weighed against the costs of vaccination, then 
the ‘cost–benefit scales’ may tip in favour of vaccination. Me-
ningococcal vaccination is unlikely to be cost-saving (in the way 
that some cheaper vaccines for more common diseases are), but 
the cost per quality-adjusted life year (QALY) or other ‘utility’ 
measure might drop below the threshold to be considered ‘cost-
effective’ [26]. However, if, for example, the vaccine were to be-
come less effective due to type replacement, it would become less 
cost-effective.
	 A simpler vaccine (such as that being developed by Pfizer) 
might be cheaper, thereby reducing its costs, but the greater sim-
plicity might render it less effective or more prone to type re-
placement [10]. These issues will become clearer as more data are 
published.
	 Like any other physician who has tried to console anxious or 
bereaved parents or relatives of individuals with meningococcal 
disease, I welcome a decrease in the prevalence of the disease. 
However, we cannot spend the same money twice: in a cash-
strapped economy, money spent on preventing meningococcal 
disease cannot be spent in another area. It must be clear that the 
money could not be spent to greater effect on something else: 
cost-effectiveness is crucial. There is great uncertainty about the 
medium-to-long-term efficacy of meningococcal group-B vac-
cines, and we can only model and estimate the likely cost-efficacy 
of vaccination. In addition, the relatively small number of cases 
and uncertainties about the duration of vaccine efficacy lead  
to problems. 
	 In general, governments take a careful approach to vaccine 
introduction, introducing vaccines only after careful economic 
appraisal. With the prevalence of meningococcal disease appar-
ently dropping in the UK, even without this vaccine, I would be 
surprised if the UK were to be first to introduce the vaccine. Such 

a scenario is perhaps more likely in a country in which: the preva-
lence of disease is steady or increasing; there is strong paediatric 
medical lobbying (specialist paediatricians see many cases even if 
the background prevalence is low); or if the vaccine is introduced 
for commercial reasons by a health-insurance company. Once 
one country has taken the lead and started a population-level 
pilot study, some of the issues will (assuming a good evaluation 
programme) become clearer. However, during the current period  
of financial stringency, it will be a bold country that makes the 
first move [10]. 
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