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Impact of vaccination on meningococcal epidemiology

Paola Stefanelli and Giovanni Rezza

Department of Infectious, Parasitic & Immuno-mediated Diseases, Istituto Superiore di Sanit�a, Rome, Italy

ARTICLE HISTORY
Received 30 September 2015
Accepted 11 October 2015

ABSTRACT
Neisseria meningitidis may cause invasive disease (meningitis and sepsis), leading to considerable disease
burden and mortality. However, effective vaccines are available against most pathogenic serogroups.
Large-scale vaccination campaigns with the MCC vaccine conducted in UK and with MenAfriVac in the
Sahel have clearly demonstrated the direct and indirect effect of immunization programmes on disease
and carriage. Moreover, the introduction of novel subcapsular vaccines against serogroup B, which may
cross-protect against other serogroups, is likely to have a further effect on trends. Accurate data collection
is key to elaborate vaccination strategies able to reduce meningococcal disease burden through direct
protection and herd immunity.
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Neisseria meningitidis (meningococcus) is a member of the bac-
terial family Neisseriaceae. Meningococci are a common bacte-
rial commensals of the nasopharynx, but also important
exclusive human pathogens, which may cause devastating inva-
sive diseases (IMD), such as meningitis and sepsis. There are
13 serogroups of N. meningitidis characterized by different cap-
sular polysaccharides; only 6 of them (A, B, C, W, X, and Y)
cause most life-threatening invasive disease.1 The pathogenic
strains belong to few genetically defined clonal complexes that
may emerge and spread worldwide.2,3

IMD may occur as sporadic cases, outbreaks and epidemic.4

There are large geographical variation in the incidence of IMD
throughout the world: the highest incidence rates are usually
observed in the Sahel, from Senegal to Ethiopia (the so-called
African meningitis belt).1

Because of the dynamic nature of IMD epidemiology, the
global distribution of the different serogroups of N. meningitidis
may change over time.5 Serogroup A (MenA) has long been a
cause of repeated epidemics in sub-Saharan Africa, but out-
breaks of MenA also occurred in industrialized countries until
World War II, before disappearing for reasons that remain
undefined.1 Serogroup B and C are the common causes of spo-
radic cases, local clusters, and outbreaks of IMD in the industri-
alized world. Some strains, belonging to the hypervirulent ST-11
clonal complex of serogroup C, are associated with severe clini-
cal presentation and high lethality during outbreaks.4 Serogroup
Y is also quite common in the western world, being responsible
of increasing IMD rates not only in the United States but also in
several European countries.6 Finally, serogroup W, which
emerged with outbreaks associated with the Hajj pilgrimage,7

shows now an increasing trend in England andWales.8

The development and introduction of more effective vac-
cines against different meningococcal serogroups is influencing

the global epidemiology of IMD. Most of the changes in IMD
trends are reported after the introduction of vaccines against N.
meningitidis of serogroup C and serogroup A, which were
mostly used in Western countries and in sub-Saharan Africa,
respectively. A further impact on the disease burden is expected
with the introduction of new vaccines which are effective
against other serogroups. Furthermore, at least 2 subcapsular,
protein-based, serogroup B meningococcal vaccines, whose use
is expected to increase, are likely to provide cross-protection
also against other meningococci.9

In order to plan innovative strategies with currently avail-
able and novel vaccines, it is important to quantify the impact
of ongoing vaccination, disentangling the effect on disease and
carriage.

Meningococcal dynamics: Carriage vs. disease

To interpret the impact of vaccination strategies on the trend of
IMD, a precise knowledge of the dynamic of meningococcal
infection is required. In particular, carriage rates and the dis-
ease-to-carriage ratio are important parameters in order i) to
understand how meningococcus circulates in human popula-
tions, ii) to evaluate changes in trends and the main drivers of
IMD outbreaks, and iii) to quantify the potential impact of vac-
cination as the result of direct and indirect effects.

It is well known that asymptomatic carriage of N. meningiti-
dis is common while invasive disease is a rare outcome.10 Car-
riage plays an important role in the transmission and spread of
bacterial infection, but N. meningitidis carriage strains are
somewhat different, from those involved in IMD, and only a
subset of them (known as hyperinvasive lineages) causes dis-
ease. Asymptomatic infection with pathogenic and non-patho-
genic Neisseriae, including Neisseria lactamica, may contribute
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to the development of protection, through the generation of
natural immunity against disease, as already reported.12 To this
purpose, repeated episodes of meningococcal and Neisseria lac-
tamica carriage are likely to occur through a lifetime.10-12 How-
ever, to what extent cross-protection, which is likely to be
short-lived, reduces the risk of infection and/or disease remains
undefined.11

The force of infection, carriage prevalence, and the risk of
meningococcal disease given infection clearly vary with age,
geographical area, and serogroup. The population prevalence
of meningococcal carriage may be as high as 10%, reaching a
peak among teenagers.13 Thus, the peak of IMD observed in
teenagers is probably due to increased transmission or to other
factors, such as passive smoking.

Several serogroups are limited to a specific geographical con-
text (which is a proxy for behavioral and environmental fac-
tors), determining an interaction between the effects of the 2
variables (namely, geographical area and serogroup). Paradig-
matic examples are represented by the endemic/epidemic
dynamics of 2 vaccine preventable serogroups, such as A and
C, which predominate respectively in the Sahel and in Europe.

Serogroup A carriage dynamics in the african meningitis belt
Serogroup A has long been the most important cause of menin-
gitis in the African belt, where the epidemiological pattern of
meningococcal disease is characterized by hyperendemicity
during the dry season alternating with endemic incidence dur-
ing the rainy season. Epidemics may also occur, usually during
the second half of the dry season, in cycles of 7 to 10 y.14 Until
the introduction of a meningococcal serogroup A conjugate
vaccine (MenAfriVac),15 most of the epidemics were due to
MenA, but serogroup C, and, more recently (since the year
2000), W, and X, have also caused epidemics. Compared with
Europe, young children and younger adults have a higher risk
of being carriers. Carriage of pathogenic serogroups appears to
be significantly higher among close contact belonging to the
immediate family group compared with all the other household
contacts, and a higher rate has been found among individuals
sleeping in the same room with individuals affected by IMD as
compared with other household members.16 The shift from
endemic to seasonal hyper-endemic appears to be related to an
increased risk of meningitis given colonization, as suggested by
higher case-carrier ratios, whereas epidemics are likely to be
caused by a substantial increase in transmission and
colonization.14,17

Serogroup C carriage dynamics in industrialized countries
Serogroup C carriage is rare compared with the other
serogroups,10,18 but the results of studies conducted in different
settings are not consistent, some of them showing low rates of
carriage during outbreaks of MenC disease, while others have
found relatively high rates.19 The risk of invasive disease is
likely to be higher with serogroup C hypervirulent strains,
which are probably more transmissible, with a short duration
of carriage leading to a low prevalence and to a higher risk of
death.20,21 With these strains, most cases of meningitis occur
within few days after the meningococcal infection.11,22 Overall,
these factors may explain the rapid dynamic of MenC infection,
in particular that of strains belonging to the ST-11 clonal

complex,5 which is characterized by higher IMD risk and low
prevalence of carriage.

Impact of vaccination: population effect and vaccines
effectiveness

None of the meningococcal conjugate vaccines has been tested
in randomized controlled trials with disease end-points; in fact,
they are not justified in presence of immunological correlates
of protection that provide a reliable measures of vaccine effi-
cacy.23 Therefore, the efficacy against IMD may be estimated
from post-licensure studies of population effect and vaccine
effectiveness.24

Impact of vaccination against MenC on IMD and carriage in
industrialized countries
Variability in the incidence of IMD in the absence of vaccina-
tion, both overall and by serogroup, complicates the assessment
of vaccine effects.24 The United Kingdom was the first country
to introduce a national immunization program with the MCC
vaccine at the end of 1999, offering the vaccine to all adoles-
cents between 15 and 17 y of age. Infants were also routinely
immunized.25 Serogroup C IMD cases almost disappeared after
large-scale vaccination campaigns with MCC vaccine, with a
reduction of more than 98% in target age groups and of more
than 90% in unvaccinated age groups, providing evidence of
the strong effect of the vaccine.26 In particular, an overall
reduction of 86.7% was observed for the target age groups in
2001 compared with 1999;27 by 2001/2002, the number of IMD
cases due to MenC was 89–94% lower than in 1998/1999 in
each age group under 20 years,26 and by 2007–2008 a decrease
of over 97% compared to 1998–1999.28

However, the results of long-term studies were disappoint-
ing, showing that the protection induced by the MCC vaccine
may fall to low levels after one year in children vaccinated in
the first months of age,29 requiring a booster at one year of
age.28 Thus, catch-up campaigns were conducted in order to
obtain herd protection, generated by immunizing teenagers,
which are those that amplify Neisseria circulation through
asymptomatic transmission.30

In the Netherlands, MenC IMD significantly decreased
among vaccinated persons, and a sharp decline was observed
also in unvaccinated cohorts after routine administration of a
single dose of vaccine at 14 months and a catch-up campaign
for children and adolescents from 1 to 18 y of age generating
herd protection for infants.31,32 In Spain, where vaccination
coverage among adolescents was suboptimal, the outcome of
immunizations campaigns was not as good as expected in terms
of herd protection.33

Vaccine effectiveness ranged from 75% in Australia, after a
single dose at 12 months and catch-up vaccination for those
aged under 20 years, to 96.8% in Canada, where 82.1% of those
aged 2 months to 20 y were vaccinated.34 Declines in incidence
rates of IMD were observed in other countries, from Canada,
to Italy, and Brazil.35-37

MCC vaccines appear to provide high levels of protection in
the short term20,38 and reduce the prevalence of serogroup car-
riage, resulting in herd immunity;18,39 however, the duration of
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the protection is age-dependent, being longer in older children
compared with infants.40

While the polysaccharide vaccine had no effect on MenC
carriage, this can be instead prevented or reduced by the use of
the conjugate vaccine.19 In fact, large-scale carriage studies
have shown that MCC vaccine have an impact on the asymp-
tomatic carriage.18 Studies conducted in UK in 1999 (year of
MCC vaccine introduction), in 2000 and 2001, showed a signif-
icant decrease in the prevalence of serogroup C carriage among
15 to 19 y old students. The percentage of MenC of all the iso-
lates declined from 2.51 in 1999 to 0.48% in 2001 (rate ratio:
0.19); in the 2001 survey, 0.40% of the unvaccinated carried
MenC compared with 1.61% of the unvaccinated individuals.
Vaccine effectiveness against carriage was 75%, with a dispro-
portionate impact on the carriage of sequence type (ST)-11
complex serogroup C meningococci (rate ratio: 0.06). The
impact of MCC vaccine on this population was consistent with
herd immunity. Remarkably, the reduction in serogroup C car-
riage lasted at least 2 years, with no evidence of serogroup
replacement,30 as confirmed by further studies.41 This is con-
sisted also with the results of studies showing an increase in the
prevalence of protective SBA (serum bactericidal activity) titers
in the post-vaccination era when compared with pre-vaccina-
tion findings.42

Overall, the results of vaccine impact studies show that
MCC vaccine may reduce MenC carriage. To this purpose, ado-
lescents have both the highest rates of transmission and car-
riage; thus, they are likely to sustain meningococcal circulation
in the population. Mathematical models suggest that the elimi-
nation of the serogroup C meningococcal disease depends on
the degree and the duration of protection conferred by vaccina-
tion10 and that the introduction of a booster dose in adolescents
may have both an individual and herd immunity effect. For this
reason, teenagers are now considered the main target for large
catch-up campaigns.10

Impact of vaccination campaigns in the African meningitis
belt
Successful vaccination campaigns have been also conducted in
the African meningitis belt. In 2000, the World Health Organi-
zation launched the idea to make a safe and effective vaccine
specifically for Africa at an African price. A public-private part-
nership funded by the Bill & Melissa Gates Foundation started
the project leading to the production of MenAfriVac, a conju-
gated MenA vaccine.43 Starting from 2010, the vaccine coverage
for MenA vaccine in Burkina Faso was estimated at >90%;44-47

No cases were identified the next year. Similar results were
obtained in Chad in 2011/13.46,47 In 3 regions where mass-vac-
cination was implemented in 2011, the incidence of IMD in
2012 was 2.5 per 100,000 (with no case of MenA IMD) vs. 43.8
per 100,000 in the rest of the country, with a 94% difference in
crude incidence and an incidence rate ratio of 0.096. Moreover,
serogroup A carriage declined significantly from the pre- to
post-vaccination period (adjusted odds ratio: 0.019).46 The
GAVI is now supporting the introduction of the vaccination,
which seems to be active also against MenA carriage, in several
African countries. Unfortunately, other N. meningitidis
serogroups are devastating the African meningitis belt. As men-
tioned above, an epidemic of MenC caused about 8,000 cases

and more than 500 deaths in Niger between January and May
2015. The epidemic was worrying and to some extent unprece-
dented, because it was due to a strain which is not usually
found in sub-Saharan Africa, and the appropriate vaccine was
in short supply.48 To this regard, it should be mentioned that,
over the past 40 years, serogroup C has caused only sporadic
cases and a few localized outbreaks in Africa, generally co-
circulating with serogroup. These outbreaks occurred in
Nigeria in 1975, in Niger in 1991, and in Nigeria in 2013–2014
(http://www.who.int/mediacentre/news/situation-assessments/
meningitis-niger/en/). Thus, the recent MenC outbreak
occurred in Niger appears to open new scenarios, launching a
further challenge to overwhelmed health systems in poor-
resource countries.

Conclusions

The inclusion of the MCC vaccine in the infant schedule, with a
consequent reduction in N. meningitidis serogroup C disease, is
a positive example of the impact of vaccination on meningo-
coccal epidemiology, promoting the introduction of novel vac-
cines against other meningococcal serogroups.49 Nevertheless,
the rapid loss of protection conferred by the vaccine, when
administered in the early phase of life, suggests that a later
booster may be necessary to maintain herd protection in the
population, ensuring the success of immunization programmes.
The result of large-scale vaccination campaigns based on the
MenAfriVac in the Africa meningitis belt is encouraging,
strengthening the need for preparedness plans against different
meningococcal serogroups such as C and W.

At last, innovative vaccines, such as the novel sub-capsular
vaccine against meningococcus B, are being introduced in sev-
eral countries. However, there are still gaps in knowledge which
concern the duration of the protection, the impact of the vac-
cine on nasopharyngeal carriage dynamic and, consequently,
on herd protection. The possibility of cross-protection con-
ferred by MenB vaccine antigens against other serogroups need
also to be further assessed.

Finally, any vaccination policy should be carefully evaluated
by monitoring the impact on IMD, carriage, and possible cap-
sule replacement.
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Immunization

IMD invasive meningococcal disease
MCC meningococcal C conjugate vaccine
MenA meningococcus of serogroup A
MenAfriVac meningococcal A conjugate vaccine developed

for Africa
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SBA serum bactericidal activity
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