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ABSTRACT

ARTICLE HISTORY

In France, the incidence of invasive meningococcal disease (IMD) is around 1/100,000, with the following
trends over the 2011-2018 period: a leading role of group B in subjects <15 years, a decrease of group
C among <1 year since 2017, an increase of group W in all age groups including subjects <1 year since
2014 and a positive correlation between group Y and age group.

In Europe, vaccination progressed with conjugate ACWY vaccines and proteins-based B vaccines.
Their benefit-risk-cost balance is however not so obvious for area at low incidence (<2/100,000),
explaining tremendous variations between countries, from no recommendation to recommend all
available vaccines. In France, the calendar still includes only C with a good adhesion in infants but
a fiasco of the catch-up campaign in adolescents and young adults.

In Europe, it is time to consider not only national epidemiology but also trends in the neighbor-
hood. The increase of group W cases encourages switching C to ACWY vaccine both in infants and
adolescents. It is also time to protect infants with B vaccine. Large pedagogy on the disease is
required to increase the adhesion to the vaccination and to recognize and treat earlier the residual
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cases.

1. Introduction

Neisseria meningitidis is a highly diverse bacterial species
only encountered in humans. The meningococcus is most
often present as a commensal bacterial species of the rhino-
oropharynx, with an overall carriage rate around 10% in the
general population but markedly variable with age: it is low
in young children and increase to reach its peak among
teenagers and young adults." Meningococcal transmission
occurs mainly by air droplets through close inter-human
contacts. Sporadic sexual transmission has also been
reported.” Rarely, the acquisition of a virulent clone is fol-
lowed in the absence of natural- or vaccine-induced immu-
nity by an invasive meningococcal disease (IMD) that is
dominated by meningitis and meningococcemia (septice-
mia). Invasive isolates are surrounded by a polysaccharide
capsule that determines the serogroup. Among the 12 known
serogroups, 6 are responsible for virtually all IMD world-
wide: A, B, C, W, Y and X.” The potential epidemic spread of
such invasive meningococcal isolates implies the implemen-
tation of preventive measures among contact subjects of
IMD cases (antibioprophylaxis + vaccination). The suscept-
ibility of the host also plays a role in the attack rate after
acquisition (e.g., higher incidence in subjects with deficits in
the late components of complement).* IMD has a high fatal-
ity rate (10%) and sequelae (around 30%, this value remains
very approximate because of a lack of data on the long-term
consequences).’

2. Surveillance of meningococcal disease in France

The surveillance of IMD in France relies on two parts: (i)
mandatory notification of cases to Public Health France
according to a standardized national case definition and (ii)
typing of isolates at the National Reference Center for
Meningococci (NRCM). Case definition is based mainly on
biological criteria, i.e.,, the detection of N. meningitidis (by
culture and/or PCR) from a sterile site (such as blood, cere-
brospinal fluid, other sterile sites) or purpuric skin lesions.
Thus, culture and/or PCR are responsible for the confirma-
tion of >96% of notified cases in France.’

The incidence of IMD in France is around 1 cases per 100,000
inhabitants during the period 2006-2015 and the completeness
of mandatory notification system is >90% since 2005.°

3. Evolution of the biologically confirmed cases of
invasive meningococcal disease in France since 2011

The NRCM analyzed 3619 IMD cases during the period
2011-2018. Serogroup B predominates for this period but with
a significant (p = .0009) decreasing trend. This trend remains
significant after excluding IMDB cases from Normandy (i.e.,
Seine Maritime) where a clonal B outbreak had been observed
between 2003 and 2013 that was controlled by MenBvac, an
OMV-based vaccine” (Figure 1). Serogroup C stagnated at
the second rank (23% of cases for the total period). As otherwise
in Europe® serogroup Y increased in France from 8.2% in 2011 to
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Figure 1. (A) Distribution of French cases of invasive meningococcal disease by serogroup for the period 2011-2018 period (Institut Pasteur data). (B) The decreasing
trend of IMDB between 2011 and 2018. Linear regression of cases of IMDB at the country level (black square) or for France after exclusion of a Norman outbreak
controlled in 2013 (red circle). Data are shown with solid lines and 95% IC with dashed lines. Note that the slopes are not significantly different.

15% in 2017. However, IMDY lost its third rank in 2018 (13.9%)
due to the emergence of serogroup W from 2.6% in 2011 to 14.3%
in 2018 (p = .0036). The total number of IMD cases was rather
stable among the infants <1 year while it was decreasing among
subjects between 1 and 24 years old. The follow-up of the number
of cases by serogroup and age (Figure 2) indicated the following
trends over the 2011-2018 period: (i) persistence of a leading role
of group B in subjects <16 years; (ii) decrease of group C among
<1 year; (iil) increase of group W in all age groups including
subjects <1 year since 2014; (iv) association of group Y and age
(one-third of total cases in subjects >64 years).

The decrease of cases of IMDC among <1 year is most likely
due to the introduction of a dose of MenC conjugate (MCC)
vaccine at the age of 5 months in 2017 and the implementation
in 2018 of mandatory vaccinations. The increase of IMDW is
due to the recent expansion of isolates derivatives of the South
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American-UK MenW strain.” Cases of IMD due to these isolates
increased mainly among adolescents and young adults since
2015 and have a high mortality rate and frequent atypical initial
symptoms of IMD such as the abdominal presentations.” '° The
emergence and expansion of isolates of serogroup W derived
from the South America UK strain were also observed in other
European countries.'" These isolates first emerged in the UK
since 2009 with a subsequent emergence in the Netherlands
since 2012-2013."

4. Available vaccines and historical evolution of the
recommendations in France

Capsular polysaccharide conjugate vaccines either monova-
lent against serogroup C meningococci (MCC) or tetravalent
against ACWY (MCV4) are available in France since 2000
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Figure 2. Distribution of French cases of invasive meningococcal disease by serogroups and groups of age for the 2011-2018 period (Institut Pasteur data).



2520 M.-K. TAHA ET AL.

and 2010, respectively. They made obsolete the previous non-
conjugate polysaccharides vaccines (against C, AC and
ACWY) because of the persistence of the immune response
and their dual action, not only to confer direct protection
against IMD of the matching serogroup (as the previous
vaccines) but also to prevent carriage acquisition of the iso-
lates expressing the corresponding serogroup. Therefore, the
transmission of invasive clones is prevented provided high
vaccination coverage in the targeted population.'’

In France, MCC vaccine has been recommended during the
period 2000-2010 only for at risk groups. In 2010, the indications
for MCC vaccine have been enlarged for the following reasons: (i)
an increasing number of alerts and outbreaks; (ii) the emergence of
a new C clone (from the clonal complex ST-11) provoking high
mortality and high proportion of purpura fulminans; (iii) the
impressive success of mass MCC campaigns in United Kingdom
and then the Netherlands having so demonstrated the absence of
switch to other serogroup (it was initially a theoretical concern);
(iv) the occurrence of a pandemic flu (HIN1nv) exposing to
a potential increase of IMD (the flu infection favors subsequent
infection by N. meningitidis); (v) a favorable evaluation of the cost-
effectiveness of the new strategy.'* Thus, MCC was recommended
asl dose to all infants at 12 months age and as a “catch-up”
program with also 1 dose for each subject <25 years during the
implementation phase of the new strategy and until group immu-
nity (“herd effect”) is obtained. With this strategy, infants <1 year
old were supposed to be protected by the group immunity that was
aimed to be established through high coverage of vaccination
particularly among 16-24 years old (subjects having a driven
role in the transmission due to their high carriage rate).
Unfortunately, the incidence of IMDC did not decrease but rather
increased between 2010 and 2016 among the <1 year old® due to
low coverage among teenagers and young adults (22.5% for
15-19 years old and 9.4% for 20-24 years old subjects in 2015).
The coverage reached 68.2% in 2015 among the 2 years old
children. Vaccination hesitation with no active efforts to apply
and explain the vaccination strategy seems to be a major reason of
this low vaccine uptake, particularly among the 16-24 years old."”
This hesitancy arises from the loss of collective awareness of the
benefits of vaccination and the risks of infectious diseases that have
become less prevalent. Thus since 2017, the French vaccination
schedule includes an additional injection of MCC vaccine at the
age of 5 months to directly protect infants (i.e., 2 doses schedule, at
M5M12) while the catch-up until the age of 24 years is maintained.
Since 2018, the two MCC vaccine doses in infancy have been
moved to the mandatory vaccinations (beside tetanus and others).
Subsequently, the MCC vaccine coverage among infants at the age
of 5 months increased from 39% at the end of 2017 to 76% at the
end of 2018 and that was associated with a decrease in the number
of cases among <1 year of age from19 cases in 2016 to 14 cases in
2017 and in 6 cases 2018 according to the data from the NRCM
(and only one case in a non-vaccinated infant for the first
11 months of 2019). Moreover, a reduction of IMDC cases
among children between 1 and 5 years old was also observed
(Figure 2). However, IMCD cases remained stable in older
subjects.

Since it was made available, MCV4 vaccine is recom-
mended in France only for at risk subjects or for the control
of covered outbreaks. At risk subjects are close contacts,

laboratory staff working of meningococci, subjects with term-
inal pathway complement deficiencies, properdin deficiency,
subjects with asplenia, subjects who received a hematopoietic
stem cell transplantation and travelers such as pilgrims to the
Hajj. Outbreak of IMDC remained targeted by MCC vaccine.
Several small outbreaks of IMDW have recently occurred in
France, mainly due to derivatives of the South America UK
strain, leading to MCV4 campaigns for the affected popula-
tion, mainly university campuses.'® '7 The most important
was at the University of Bourgogne with unfortunately
a rather low vaccination coverage rate (41%)."”

Until 2013 IMDB prevention has been orphaned of effective
vaccines, because the conventional polysaccharide approach was
not appropriate for that serogroup. Two MenB protein-based
vaccines are now licensed in some countries, the 4CMenB (the
only one currently available in France) and the bivalent
(rLP2086). They are potentially active on non-B isolates as the
proteins components of these vaccines are shared by other
serogroups but also inactive against few MenB isolates (for
each of these two vaccines, around 15% of the current
European B isolates are not covered).'® *° Furthermore, these
protein-based vaccines do not seem to have a significant impact
on the acquisition of meningococcal B carriage, require multi-
dose regimens (2 to 3 primary vaccination according to the age
of the subject) and have a short durability.’*"** The United
Kingdom has been also here pioneer, introducing the 4CMenB
in their infant immunization schedule in 2015 because of a high
prevalence of IMDB at this age, with a high adhesion (>90%) and
a significant decrease of incidence acquired in the first year,
although there are still many unknowns about sustainability.**
Other countries have more recently introduced 4CMenB or
rLP2086 to their immunization program.

In France, 4CMenB is currently recommended only for
risk subjects or in case of IMDB outbreak due to a covered
strain. Of note, the “at risk subjects” did not include the close
contacts of a B case because it was considered that the delay to
obtain a protective immunity is too long.>

5. Current meningococcal vaccine program in other
countries with close epidemiology

Different national meningococcal vaccination programs are
used wordwide, even in countries facing similar conditions
like in Europe.

All countries agree on the WHO vaccination strategy in
case of high incidence (>10 cases per 100,000 inhabitants
per year) or medium-incidence (2-10 cases/100,000) or fre-
quent epidemics: unanimity in favor of mass vaccination
program, targeting preferably young people (9 months -
18 years) using if possible a vaccine active against carriage
acquisition. The vision is also unanimous in case of clonal
epidemic: vaccination for the exposed population (a barracks,
a university, a district ...) also if possible with a vaccine active
against carriage acquisition. All experts, finally, recommend
vaccination for at “high risk subjects”, even if their definition
varies discretely from one country to another (in general:
immunodeficiency, asplenia, and laboratory personnel work-
ing specifically on meningococcal disease).



The divergences begin for the vaccination strategy around
one IMD case recommended, for example, in only 24 out of 33
European countries in 2013°° or before a trip in a country of high
or moderate IMD incidence with the exception of the Hajj for
which an ACWY vaccine is mandatory for all pilgrims.’

Divergences are huge for mass meningococcal vaccination
in countries with low endemicity (<2/100,000) which are
today the majority. The strategy is indeed much more difficult
to define, because of a less obvious benefit-risk-cost balance,
resulting in a great variability of recommendations according
to the countries even at close socio-economic levels. Thus in
July 2019 among the 31 European countries of ECDC 10 did
not propose any meningococcal vaccination on the calendar
of the general population (i.e., all serogroups and all ages
combined), 15 covered the C risk (8 exclusively by MCC, 2
exclusively by MCV4, 5 with a mix of MCC for infants and
MCV4 for teenagers) and 6 covered the B risk [ECDC web-
site]. Only one of these 31 countries has opted for an obliga-
tion to vaccine: France for C coverage of infants and toddlers
as detailed above. Such marked differences are not supported
by tremendous epidemiological variations between countries.
Same divergences are observed in other continents. In North
America, where the overall incidence is very low (0.5/100
000), the United States recommend a MCV4 in adolescence
while Canada offers MCC in infancy before MCC or MCV4 at
age of 12 years. In Australasia where the incidence is higher
(1.5/100 000), New Zealand recommends any meningococcal
vaccine while Australia offers coverage against B and ACWY
to infants and teenagers.”’

6. Suggestions for an evolution of the French
meningococcal prevention policy

We would like to make here few suggestions on the basis of
our involvement in the epidemiological and microbiological
surveillance of meningococci at the country level (MKT,
AED) and in clinical care (JG) including management of
alert a one decade IMDB outbreak in Normandy (FC, MKT)’

There are a lot of demographic interactions in Europe. For
example, each year 12 millions of French subjects travel to
immediate neighbors (Benelux, Germany, Italy, Spain and UK),
while 54 millions of subjects from these countries visit France. The
Erasmus program for student mobility involves annually about
40,000 young adults in France for a mean duration of 6 months.
A possible spread of meningococcal isolates was described.”®
Symbolically, it is estimated that one million of “Erasmus babies”
have borne over 30 years in all Europe. Thus, we appeal to
a European harmonization of meningococcal vaccination, at
least for teenagers and young adults.

The recent increase of IMDW in Europe, affecting now all
groups of age in France, argues for introducing MCV4. The
adolescents and young adults would be the first target because
of the number of IMDW and also IMDY and the high rate of
meningococcal transmission. Such an introduction requires
active advocating as the previous MCC catch up without
campaign in adolescents and young adults remains a fiasco
as detailed above. The better age to apply MCV4 would be
probably 15-18 years before leaving family home for univer-
sity or job. Such a strategy would require high uptake to
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rapidly achieve both direct but also indirect protection. The
benefit of MCV4 against carriage is however somewhat con-
troversial with one study having shown no reduction of
MenW carriage in adolescents.”® Such strategy might also
decrease incidence of IMDCWY in adults from middle age,
thanks to the durability of the immunogenicity at individual
level and also to a herd effect (at least for C and Y). In elderly
IMDY needs more attention, particularly because it is fre-
quently observed as invasive pneumonia® > implying that
its burden may be underestimated.

In infancy, two strategies might be discussed in view of the
lower immunogenicity at this age of current available MCV4
compared to MCC against C isolates.””> However, French infants
<lyear are now affected by W and Y isolates (Figure 2), while
IMDC cases have recently decreased. This is in favor to opt for
MCV4 in infants.

Finally, it seems also time to introduce MenB in infants
since serogroup B remains, by far, the leading cause of IMD
cases in young children. The lack of herd effect is not a barrier
to such a policy, particularly at this age rank in which the
meningococcal carriage rate is proportionally low. The UK
experience offers goods arguments not only about effective-
ness but also in a lesser extent about tolerance: 30% of local
effects or fever which is high for a meningococcal vaccine but
comparable to other well-accepted vaccine such as mumps in
infancy; very low risk of serious effect such as seizures™*

Vaccination is the key element to prevent IMD but it is not
universal and sometime fails. Thus, it is important to not forget
the “secondary prevention”, which is based on diagnosis and
treatment of each case as soon as possible. To achieve this goal
we would recommend first to more explain IMD to public as
well as caregivers, particularly to inform not only about signs of
meningitis and risk of mortality, both globally well known, but
also about atypical symptoms (see below) and sequelae largely
ignored albeit common and severe (amputation, deafness, break
of curriculum, prolonged depression ...). This might help to the
vaccine adhesion particularly in adolescents, a more reluctant
group than infants. It is also necessary to explain the two-stage of
numerous IMDs with initial nonspecific symptoms (fever, asth-
enia) mimicking banal virosis (especially since IMDs have the
same seasonality). Facing an acute fever without definite diag-
nosis it is critical to explain to each subject the importance of
a surveillance, and this by someone else because the aggravation
can be so brutal that the patient will not give the alert; it is the
place of the family, but also of peers as it is organized in Anglo-
Saxon campus to ensure, even in the middle of the night, that the
patient is “not worse” and that it is still a banal virosis, not
a beginning IMD. Lastly, it is necessary to teach the “glass test”
which in event of an eruption allows the public to identify
a purpura and help regulation of health care to prioritize such
case for a first antibiotic dose within 20 min, saving so life and
limbs. All this was done in Normandy, having saved situations,
as had been previously demonstrated in UK and Scandinavia.

7. Conclusions

IMD is difficult to diagnose at early stages with unpredictable
epidemiology that is constantly changing. Surveillance to
detect changes in incidence, serogroup and age distribution
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as well as the emergence of new genotypes is critical to adapt
vaccination strategies.

Vaccination had make marked progress with now both
conjugate capsular polysaccharides vaccines against ACWY
and proteins-based vaccines against B.

Facing epidemiological changes in France and in neighbor-
ing countries it might be time to implement coverage of
ACWY and B in infancy and against ACWY in adolescence.

Large pedagogy on the disease is also required to increase
compliance with the vaccination.
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