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Abstract 

Background:  Bacterial meningitis occurs worldwide but Africa remains the most affected continent, especially in 
the "Meningitis belt" that extends from Senegal to Ethiopia. Three main bacteria are responsible for causing bacte‑
rial meningitis, i.e., N. meningitidis (Nm), S. pneumoniae and H. influenzae type b. Among Nm, serogroup A used to be 
responsible for up to 80 to 85% of meningococcal meningitis cases in Africa. Since 2000, other Nm serogroups includ‑
ing W, X and C have also been responsible for causing epidemics. This overview aims to describe the main patterns of 
meningitis disease cases and pathogens from 1928 to 2018 in Africa with a special focus on disease conditions “out-
of-the-belt” area that is still usually unexplored. Based on basic spatio-temporal methods, and a 90-years database 
of reported suspected meningitis cases and death from the World Health Organization, we used both geographic 
information system and spatio-temporal statistics to identify the major localizations of meningitis epidemics over this 
period in Africa.

Results:  Bacterial meningitis extends today outside its historical limits of the meningitis belt. Since the introduction 
of MenAfrivac vaccine in 2010, there has been a dramatic decrease in NmA cases while other pathogen species and 
Nm variants including NmW, NmC and Streptococcus pneumoniae have become more prevalent reflecting a greater 
diversity of bacterial strains causing meningitis epidemics in Africa today.

Conclusion:  Bacterial meningitis remains a major public health problem in Africa today. Formerly concentrated in 
the region of the meningitis belt with Sub-Saharan and Sudanian environmental conditions, the disease extends now 
outside these historical limits to reach more forested regions in the central parts of the continent. With global envi‑
ronmental changes and massive vaccination targeting a unique serogroup, an epidemiological transition of bacterial 
meningitis is ongoing, requiring both a better consideration of the etiological nature of the responsible agents and of 
their proximal and distal determinants.

Keywords:  Meningitis, Epidemics, Epidemiology, Pathogens, Time-series, Spatial analysis, In- and outside the 
meningitis belt

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Bacterial meningitis affects all countries of the world 
but primarily Africa especially the "Meningitis belt" that 
extends from Senegal near the Atlantic coast to Ethio-
pia and Somalia on the seashores of the Red Sea and the 
Indian Ocean [1]. Apart from epidemics, at least 1.2 mil-
lion cases of bacterial meningitis are estimated to occur 
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every year, 135,000 of which are fatal of these, ~ 500,000 
and ~ 50,000 respectively are caused by meningococci 
with great heterogeneity in epidemiological patterns 
observed across the different affected countries [1]. Even 
when the disease is diagnosed early and adequate treat-
ment is started, 8–15% of patients may die, often within 
24 to 48 h after the onset of symptoms or may result in 
brain damage, hearing loss or disability in 10% to 20% of 
survivors [2].

Three main bacterial species are responsible for caus-
ing meningitis, Streptococcus pneumoniae (Sp), Haemo-
philus influenzae type b (Hib) and Neisseria meningitidis 
(Nm) most likely to cause major epidemics of cerebrospi-
nal meningitis (CSM) [3]. Historically, Nm serogroup A 
(NmA) has been responsible for 80 to 85% of meningo-
coccal meningitis cases observed in the meningitis belt 
[3–9].

Within the traditional meningitis belt, major epidem-
ics occur every 5 to 12  years, with an attack rate of up 
to 1000 cases per 100,000 individuals [10]. Research stud-
ies carried out at the interface between epidemiology and 
climatology since the mid-XXth century have demon-
strated the existence of a strong seasonal pattern of epi-
demics, which occurs during the dry season [10–17] i.e., 
from January to April. During this period, the dry winds 
of the Harmattan blow in Western Africa, carriers of dust 
and sand particles, may irritate the mucous membranes 
of the upper respiratory tract for people living in these 
regions. It should be noted that Neisseria meningitidis 
has the human oropharynx as an ecological niche. When 
the upper respiratory tract is colonized by the bacte-
ria without causing disease, it is called a carriage state. 
On the other hand, when the oropharyngeal mucosa is 
attacked for example by the sand wind, the bacteria can 
cross into the general circulation and thus cause disease 
(a failing or dysfunctional relationship between the bac-
teria and the host). The bacterium is transmitted from 
person to person through droplets of respiratory or phar-
yngeal secretions and is often manifested by fever, stiff 
neck, headache, sometimes sensitivity to light and vomit-
ing… [18–20].

The management of bacterial meningitis is both pre-
ventive (vaccines) and curative (antibiotics). Among the 
vaccines there are both polysaccharides and conjugated 
polysaccharide vaccines, including monovalent NmA, 
bivalent NmA and NmC, trivalent NmA, NmC and 
NmW, quadrivalent NmA, NmC, NmY and NmW, the 
conjugated vaccine Meningococcal NmC and the Nm 
serogroup B (NmB) vaccines which are protein-based and 
therefore potentially cover meningococci of other sero-
groups as well as not being comprehensive for serogroup 
B meningococci [2, 21, 22]. The recommended antibiotics 
are currently penicillin, ampicillin, chloramphenicol and 

ceftriaxone in monotherapy, especially in low-income 
countries [23–25].

The conjugate vaccine MenAfriVac was developed rap-
idly and has been deployed extensively since 2010 in all 
countries of the belt, with the goal of protecting popula-
tions against the most prevalent meningococcal meningi-
tis serogroup, i.e., NmA [26–28]. Vaccination campaigns 
have been a great success particularly in Burkina Faso, 
Mali and Niger in 2010. Nearly 20 million people aged 1 
to 29 years were vaccinated during these campaigns and 
the following epidemic season showed a dramatic reduc-
tion of NmA cases [29]. However, after the introduction 
of the MenAfrivac vaccine, other bacterial strains such as 
particularly NmW, NmC and S. pneumoniae have been 
responsible for developing new epidemic waves with 
a very high lethality rate between 5 to 6% [26]. In addi-
tion, some epidemics of meningitis have been shown to 
occur with irregular cycles within some countries of the 
belt [9, 30], suggesting that vaccine campaigns could 
have affected the spatio-temporal dynamics of meningi-
tis spread or that ecological or evolutionary interferences 
could have happened between the different co-circulating 
bacterial strains causing meningitis.

At the same time, several other African countries 
located outside the so-called meningitis belt have faced 
sporadic but significant epidemics of meningitis [31–33]. 
A possible extension of the African meningitis belt to 
other African territories has raised the possibility that it 
may become necessary to extend vaccination programs 
beyond the previously prioritized targeted countries.

In one previous study, we show that an interplay of 
different geographical and environmental variables 
as latitude, longitude and socio-economic drivers are 
important to consider in the epidemiology of bacterial 
meningitis epidemics in DRC which is considered out-
side the meningitis belt [34].

In this study based on a 90-year time-series of sus-
pected meningitis cases and death reported in the 53 dif-
ferent states in Africa by the World Health Organization 
(WHO), we provide a first descriptive analysis of conti-
nent-wide meningitis epidemics in order to characterize 
the existence of spatio-temporal patterns of transmission 
over this period. Data with pathogen identification is also 
illustrated. This work allows to extract several important 
conclusions about the circulation of meningitis patho-
gens and their recent African continent-wide spread, and 
to propose recommendations for the surveillance and 
control of these severe human infections all over Africa.

Methods
Study area
With its 54 independent countries and a population of 
approximately 1216 billion of people with a density of 40 
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inhabitants per km2, Africa is currently considered to be 
the second largest and most populated continent after 
Asia [35].

The topography of the continent is dominated by 
uplands cut in hard rocks and often lined with cliffs. The 
majority of the uplands can reach a height of 1500  m. 
There are also plains and higher mountains which are 
mainly concentrated in the eastern part of the continent.

The climate is determined by the crossing of the Equa-
tor line and the Tropics. There are four types of climate: 
(1) the equatorial climate (around the Equator) with two 
categories, a humid condition in the center and the west 
(1500 mm to over 2000 mm of water per year) and a drier 
one in the east (rainfall less than 1 mm); (2) the tropical 
climate (between the tropics, except the equatorial zone) 
with two subclimate types, a wet type (1200 to 1500 mm 
of rainfall per year) with 3 to 6 months of dry season and 
a dry type (between 500 to 1200  mm of rain per year) 
with 6 to 9 months of dry season; (3) the desert climate 
(north of the Tropics, i.e., the Saharan-Sudanian region) 
with less than 200 mm of rain a year; and (4) the Mediter-
ranean climate at the top and bottom of the continent, 
with an average of 700 mm of water per year.

Each climate has a characteristic type of vegetation or 
biome. The equatorial climate is characterized by a dense 
rainforest, a developed fauna and flora. The vegetation of 
the tropical climate is distinguished from the others by 
the quasi-absence of forest or presence of the savannah 
or savannah-like ecosystems while that of the Mediter-
ranean climate, by pine forests, scrubland and chapar-
ral, and the desert climate by a dry to very dry, sparse or 
absent savannah [36, 37]. Meningitis has been associated 
with the sub-Saharan and Sudanian, desert-like and dry-
savannah, environments, thus suggesting that bacterial 
meningitis is associated with the environmental condi-
tions prevailing in those types of ecosystems [38, 39].

In the context of public health actions related to bacte-
rial meningitis, the epidemiological surveillance currently 
carried out in sub-Saharan and Sudanian Africa in gen-
eral and more particularly in the countries of the menin-
gitis belt has the ultimate goal of contributing to reducing 
morbidity and mortality linked to these infections.

Epidemiological data
We collected epidemiological data from two different 
sources:

Data from passive surveillance
We collected the annually numbers of suspected cases 
and deaths due to meningitis reported during the menin-
gitis epidemics periods from the different national health 
systems to WHO using the different following official 
websites pages consulted on May 9, 2019:

https://​apps.​who.​int/​iris/​handle/​10665/​229717?​
search-​result=​true&​query=​Menin​gitis+​data+​since+​
1928+​in+​Afric​a&​scope=%​2F&​rpp=​10&​sort_​by=​score​
&​order=​desc. (Weekly Epidemiological Record 1930) 
(accessed 9.5.19).

https ://​apps .​who.​int/​iris/​handle/​10665/​72037 
(accessed 9.5.19).

https://​www.​who.​int/​csr/​don/​archi​ve/​disea​se/​menin​
gococ​cal_​disea​se/​en/ (accessed 9.5.19). http://​www.​who.​
int/​gho/​epide​mic_​disea​ses/​menin​gitis/​epide​mic_​distr​
icts_​text/​en/ (accessed 9.5.19). http://​www.​safet​ravel.​
ch/​safet​ravel2/​servl​et/​ch.​ofac.​wv.​wv203j.​pages.​Wv203​
Actua​lites​Ctrl?​action=​affic​heDet​ail&​refAc​tu=​000437 
(accessed 9.5.19).

https://​www.​who.​int/​emerg​encies/​disea​ses/​menin​
gitis/​epide​miolo​gical/​en/ (accessed 9.5.19).

https://​www.​who.​int/​csr/​resou​rces/​publi​catio​ns/​
menin​gitis/​whoem​cbac9​83.​pdf?​ua=1 (accessed 9.5.19).

https://​apps.​who.​int/​iris/​bitst​ream/​handle/​10665/​
72037/​bulle​tin_​supp%​20_​Vol28.​pdf?​seque​nce=​1&​isAll​
owed=y (accessed 9.5.19).

We obtained data on suspected cases and deaths of 
meningitis between 1928 and 2018, as defined according 
to WHO guidelines [2] at the health area spatial scale in 
the different countries. We also collected additional data 
from previous research on meningitis epidemics in Africa 
from 1996 to 2006 (Kante, 2008). These data are freely 
available and accessible at: http://​www.​prome​dmail.​chip/​
mailm​an/​listi​nfo/​promed and http://​www.​flutr​ackers.​
com/​forum).

Data from laboratory analysis (confirmed cases)
We obtained the database of confirmed cases from 1928 
to 2017 in Africa from WHO, which presents the infor-
mation about all CSF samples received for meningitis 
diagnosis, including the date of sampling, number of 
positive samples, the pathogen identified by Latex test, 
culture or polymerase chain reaction (PCR). Due to the 
lack of data precision, only data from the years 2000 to 
2017 were used in the present review. All data were col-
lected on the WHO website at Iris/who/int and https://​
www.​who.​int/​csr/​don/​archi​ve/​disea​se/​menin​gococ​cal_​
disea​se/​en/ (accessed 9.5.19).

Shapefile data
Issued from WHO logiciel Healthmapper®.

Data analysis
Spatial analyses of meningitis cases were performed 
with the softwares QGIS 2.14 (QGIS project, 2013) and 
Excel®.

https://apps.who.int/iris/handle/10665/229717?search-result=true&query=Meningitis+data+since+1928+in+Africa&scope=%2F&rpp=10&sort_by=score&order=desc
https://apps.who.int/iris/handle/10665/229717?search-result=true&query=Meningitis+data+since+1928+in+Africa&scope=%2F&rpp=10&sort_by=score&order=desc
https://apps.who.int/iris/handle/10665/229717?search-result=true&query=Meningitis+data+since+1928+in+Africa&scope=%2F&rpp=10&sort_by=score&order=desc
https://apps.who.int/iris/handle/10665/229717?search-result=true&query=Meningitis+data+since+1928+in+Africa&scope=%2F&rpp=10&sort_by=score&order=desc
https://apps.who.int/iris/handle/10665/72037
https://www.who.int/csr/don/archive/disease/meningococcal_disease/en/
https://www.who.int/csr/don/archive/disease/meningococcal_disease/en/
http://www.who.int/gho/epidemic_diseases/meningitis/epidemic_districts_text/en/
http://www.who.int/gho/epidemic_diseases/meningitis/epidemic_districts_text/en/
http://www.who.int/gho/epidemic_diseases/meningitis/epidemic_districts_text/en/
http://www.safetravel.ch/safetravel2/servlet/ch.ofac.wv.wv203j.pages.Wv203ActualitesCtrl?action=afficheDetail&refActu=000437
http://www.safetravel.ch/safetravel2/servlet/ch.ofac.wv.wv203j.pages.Wv203ActualitesCtrl?action=afficheDetail&refActu=000437
http://www.safetravel.ch/safetravel2/servlet/ch.ofac.wv.wv203j.pages.Wv203ActualitesCtrl?action=afficheDetail&refActu=000437
https://www.who.int/emergencies/diseases/meningitis/epidemiological/en/
https://www.who.int/emergencies/diseases/meningitis/epidemiological/en/
https://www.who.int/csr/resources/publications/meningitis/whoemcbac983.pdf?ua=1
https://www.who.int/csr/resources/publications/meningitis/whoemcbac983.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/72037/bulletin_supp%20_Vol28.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/72037/bulletin_supp%20_Vol28.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/72037/bulletin_supp%20_Vol28.pdf?sequence=1&isAllowed=y
http://www.promedmail.chip/mailman/listinfo/promed
http://www.promedmail.chip/mailman/listinfo/promed
http://www.flutrackers.com/forum
http://www.flutrackers.com/forum
https://www.who.int/csr/don/archive/disease/meningococcal_disease/en/
https://www.who.int/csr/don/archive/disease/meningococcal_disease/en/
https://www.who.int/csr/don/archive/disease/meningococcal_disease/en/
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Graphics: Annual evolution of meningitis cases and 
deaths was performed with data from 1928 to 2018, 
using the Excel® software.
Development of thematic maps: Maps showing cases 
distribution in Africa (meningitis belt or outside the 
belt) from 1928 to 2018 by states were performed 
using QGIS, using base maps extracted from Health-
mapper® software produced by WHO. States with 
the highest attack rates ≥ 100,000 cases were consid-
ered to be the most affected by this infection.

We also developed maps showing the different spatial 
distributions for the different categories of pathogens 
causing bacterial meningitis according to positive menin-
gitis samples collected in Africa from 2000 to 2017 (see 
above) by states, and performed using QGIS, using base 
maps extracted from Healthmapper® software produced 
by WHO. Annual time-series of meningitis and death 
cases were also studied using the software Stata ver. 14 ®.

Results
From 1928 to 2018, 2,628,283 cases including 151,808 
deaths were reported to WHO-AFRO in the 53 African 
countries during the meningitis epidemics period, with a 
mean case-fatality rate of 5.77%. The highest case num-
bers were reported in 1996 (184,487cases) (see Fig.  1a). 
The mean incidence of meningitis cases in Africa from 
1928 to 2018 was 216 per 100,000 inhabitants (SD ± 14.8).

Regarding the 20 countries located in the meningi-
tis belt, Nigeria recorded the highest number of cases 
(552,821 cases, 21% of the total) during this study period 
followed by Sudan (359,434 cases, 13.6%), Burkina Faso 
(359,346 cases, 13.6%) and Niger (344,794 cases, 13.1%) 
(Fig.  1b). Out-of-the-belt, Ghana recorded the high-
est number of cases (70,508 cases, 2.6%) followed by the 
Democratic Republic of Congo (66,741 cases, 2.5%) and 
Egypt (40,014 cases, 1.5%) (Fig. 1c).

Spatial dynamic trends (1928 to 2018)
The spatial distribution of meningitis epidemics from 
1928 to 2018, illustrated through 10-years periods 
of time (see Fig.  2), shows several important spatial 
trends. During the 1970s to the 1990s, meningitis epi-
demics were distributed widely on the African con-
tinent, with almost all the countries of the continent 
reporting cases. Towards the end of the 1990s and 
from the 2000s, meningitis epidemics appeared to 
decline in the south of the continent and in Northern 
Africa (see Fig.  2). From an epidemic point of view, 
the 1970s to the present show a near-universal African 
continent-wide distribution of major epidemics, with 
the late 1980s and 1990s harboring the greatest out-
breaks of major meningitis epidemics. From the 2000s 

until now, epidemics seem less important and con-
centrated in the upper part of the meningitis belt and 
the central part of the continent (Fig. 2). From 2008 to 
now, Tanzania, DRC and Burundi located outside-the-
belt are currently the countries reporting an important 
burden of meningitis cases (42,857/254,327 cases, or 
16. 9%).

Laboratory confirmation
CSF isolates
The distribution of 11,585 positive CSF samples is shown 
in Table 1.

Nm accounted for 66.87% of the total of meningi-
tis cases from 2000 to 2017. During this period Sp and 
Hi represented 27.51% of cases and other pathogens 
accounted for 5.35% of all meningitis cases only. 30 CSF 
samples which had Gram strains compatible with Nm 
but with no growth on culture, and in which PCR was 
not done represented 0.26% for the period 2000 to 2017. 
Overall, meningitis cases were highly dominated by Nm 
with different strains over the period, with NmC and 
NmW dominating in terms of confirmed cases and pro-
gressively replacing NmA in both time and space.

Temporal distribution of bacterial meningitis agents
Since 2010, corresponding to the progressive introduc-
tion of MenAfrivac vaccine in Africa, there has been a 
downward trend in notifications of NmA. NmW and C 
and Sp increased from 2010. The NmC strain showed a 
peak of case notifications between 2015 and 2017, and 
thus appears to have significantly increased in occurrence 
in Africa following the introduction of MenAfriVac. The 
Sp pathogen, for its part, also seems to be increasing in 
Africa over this period and experienced a peak of case 
notifications in 2016 and in 2017 (Fig. 3 and Table 1).

Spatial distribution of bacterial meningitis agents
Between 2000 and 2017, it is evidenced that Western 
African countries, particularly Niger, Nigeria and Bur-
kina Faso (three countries of the meningitis belt) and 
a country in Eastern Africa, i.e., Burundi, and one in 
central Africa, i.e., DRC, both located outside the belt, 
experienced a greater diversity of circulating bacterial 
strains causing meningitis: six distinct bacterial species 
or groups for Niger, Burkina Faso and Burundi (NmA, 
NmC, NmW, NmX, Sp which has also serotypes and 
Hi), and 5 for Nigeria and DRC (NmA, NmC, NmW, Sp 
and Hi). Specifically, these five African countries appear 
today as an important cradle for the circulation of co-
existing strains of bacteria causing meningitis (Figs. 4 and 
5). The differences observed in the spatial distribution of 
pathogen strains as listed on Figs. 4 and 5 and the spatial 
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Fig. 1  Annual meningitis cases (blue bars) and death (red line) in Africa, 1928–2018 (a), annual cases (blue bars) and deaths (red lines) of meningitis 
reported from 1928 to 2018 in countries within the belt (b) and outside the belt (c). Countries are ranked from left to right according to the number 
of cases reported
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distribution of meningitis cases (see Fig. 2) correspond to 
a significant absence of clinical identification for a very 
large number of situations and countries.

Discussion
Meningitis, in its epidemic phases, has strongly affected 
Africa since the XXth century [3, 15, 40]. Meningitis out-
breaks occurred well before modern times and African 
communities must have suffered from severe epidem-
ics of meningitis in the past. However, the first censuses 
of meningitis cases date from this time, i.e., 1909 on the 
West coast of Africa [3]. Meningitis epidemics usually 
affect countries in Sub-Saharan and Sudanian Africa 
grouped under the so-called "African meningitis belt" (or 
Lapeyssonnie belt, named after the French military medi-
cal doctor who described it in 1960) [11, 40, 41].

Known as a characteristic infectious disease of the 
Sahelo-Sudanian region in Africa, punctuated by the 
breath of Harmattan winds [3, 42–44], the persistence of 
long dry seasons and the effect of desert aerosols made 
of dust and sand particles are important environmental 
and ecological determinants that have been put forward 
to explain epidemic development phases of meningitis 
epidemics within the belt [17, 19, 45–49].

Since 1905, there has been a multiplication of men-
ingitis epidemics in Africa, but also in countries out-
side the traditional so-called meningitis belt, often 
located in remoted regions of Africa (East, Central 
and South), and which were not referenced as centers 

Fig. 2  Spatial distribution of meningitis cases by country in Africa from 1928 to 2018 (Note that meningitis cases information is unavailable for the 
period 1948–1957). The areas in grey illustrate the different countries belonging to the meningitis belt

Table 1  Confirmed cases of meningitis, Africa, 2000–2017

a Other pathogens include Streptococcus spp., Streptococcus group D, Salmonella 
sp., Enterobacter spp., Citrobacter spp., Staphylococcus aureus, Escherichia coli, 
Klebsiella sp., Candida sp., Acinetobacter sp., Listeria sp., Cryptococcus neoformans 
and Pseudomonas sp. (Source: WHO)

Pathogens Number of positive 
CSF

Percentage

Streptococcus pneumoniae 2826 24.39

Haemophilus influenzae 362 3.12

Neisseria meningitidis 7747 66.87

Neisseria meningitidis A 1161 10.02

Neisseria meningitidis B 1 0.01

Neisseria meningitidis C 2771 23.92

Neisseria meningitidis W 2796 24.13

Neisseria meningitidis X 552 4.76

Neisseria meningitidis Y 6 0.05

Other Neisseria meningitidis 460 3.97

Other pathogensa 620 5.35

Positive Latex testa 30 0.26

Total of positive CSF 11,585 100.00
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Fig. 3  Time-series of bacterial meningitis pathogens identified in Africa from 2000 to 2010 (a) and from 2011 to 2017 after MenAfrivac (b)
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of meningitis notifications before. This continent-wide 
spread of meningitis confirms its status as an emerg-
ing or re-emerging infectious disease (EID) in Africa 
[15] although it is not fully classified as such, and a 
neglected tropical disease (NTD) due to the less health 
consideration currently made for infected countries 
located outside-the-belt (the present work).

The epidemics of bacterial meningitis reported out-
side the belt inevitably have not been well studied, and 
undoubtedly this study may suffer from serious sam-
pling biases. It is important to improve the methods 
of collecting and reporting data relating to meningitis 
and thus improve their quality for all countries. Defi-
nitely, this will allow us to improve the quality of future 
studies, but unfortunately this is the state of the cur-
rent situation for both this EID and NTD. However, 
this is where we are with a lack of international rec-
ognition today of the existence of important meningi-
tis epidemics outside its well-known historical spatial 
distribution.

Definitely this study may suffer from some limitations 
on the completeness of data especially on disease etiol-
ogy used in this review which is known to suffer from 
underreporting and potential sampling biases [50]. The 
isolation data are problematic as there is little consistency 
in the taking of CFS samples or culturing throughout 
Africa, due to resource and capacity constraints. These 
limitations could be improved in subsequent studies, 
and should constitute a medical and research priority for 
the near future. However, this first synthesis on bacterial 
meningitis on the African continent for a long period not 
only makes it possible to contribute to the knowledge of 
meningitis burden and spatio-temporal patterns in Africa 
but especially to highlight the often-emerging and still 
neglected hypothesis of a spatial and progressive trend 
towards the gradual "out-of-the-belt" widening of the 
actual distribution area of meningitis epidemics in Africa 
[4, 42]. Through our overview study, we have been able 
to highlight a steady increase of meningitis epidemics 
on the African continent during the XXth century, with 

Fig. 4  Spatial distribution of different pathogen species and strains causing meningitis in Africa by country from 2000 to 2010
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a very large majority of African countries being affected 
and being actually out of the radar of international public 
health programs.

Year-1996 represents the period of time in which 
Africa experienced the highest number of cases of bacte-
rial meningitis, with a threshold reached of 180,000 cases 
[51]. This makes it not only an emerging or re-emerging 
disease but also one of the most worrying infections for 
the health of African citizens today.

On the basis of the cases reported by the different 
countries located outside the African meningitis belt, our 
work highlights that three countries, Ghana, the Demo-
cratic Republic of Congo and Egypt, constitute during 
the XXth century the most affected countries by men-
ingitis epidemics in this new extension outside-the-belt 
zone. To a lesser extent, Tanzania and Burundi may also 
constitute two important countries to be systematically 
surveyed and diagnosed for these types of bacterial infec-
tions in human.

Although the geographic spread of meningitis epidem-
ics outside the meningitis belt is convincing, the regions 
located inside the belt still stay the most affected. Indeed, 

more than three quarters of the cases of bacterial menin-
gitis reported in Africa from 1928 to 2018, or 84.8%, still 
occur in the meningitis belt [4, 6, 52]. This constitutes a 
rationale for still accepting the existence of the meningi-
tis belt between the parallels 10° N and 15° N. Neverthe-
less, accepting that meningitis is today spreading all over 
the African continent, and particularly in Central and 
Eastern Africa should be accepted as a regional and inter-
national health priority.

Four hypotheses could account for the geographic 
extension of meningitis epidemics outside the meningeal 
belt. The first hypothesis concerns the links that exist 
between the current climatic disturbances and their con-
sequences on African ecosystems, and consequently on 
the most incriminated bacterium N. meningitidis and its 
adaptation to new environmental contexts favorable for 
its development and spread [53–57]. The second is an 
anthropogenic hypothesis related to the continuous and 
accelerated deforestation and fragmentation of tropical 
rainforest areas in Central Africa for half a century, nota-
bly in the African central basin, and which is adjacent 
to forested regions of Southern Africa. These important 

Fig. 5  Spatial distribution of different pathogen species and strains causing meningitis in Africa by country from 2011 to 2017
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large-scale environmental perturbations would cause an 
immense corridor for the circulation and spread of germs 
responsible for infectious diseases including meningi-
tis [58–60]. This has been particularly well documented 
recently with the example of the tropical infectious dis-
ease Buruli ulcer caused by Mycobacterium ulcerans, 
which is benefitting from man-made deforested land-
scapes to proliferate and cause new infections in human 
communities [61]. A third hypothesis concerns the lack 
of assistance and the strengthening of sanitary capaci-
ties to fight against meningitis, despite the fantastic pro-
gress that has been made in the most recent years [62]. 
The fourth hypothesis could be constituted by migrations 
from north to south of human populations.

A total of 2,628,283 cases and 151,808 deaths caused by 
meningitis were reported by 53 African countries from 
1928 to 2018, which places meningitis as the leading bac-
terial cause of morbidity and mortality in children by its 
importance and severity on the African continent [63]. 
The average lethality rate of 5.7% over the period cov-
ered by our present work (1928–2018) indicates that this 
infectious disease is still a scourge for many African pop-
ulations. We estimate that this average rate is very het-
erogeneous from one region of Africa to another and it 
should mirror what we observe at the grain of one central 
African country, i.e., DRC, that has been studied recently 
[64], and is very probably underestimated, particularly in 
view of the weakness in the completeness of the current 
recorded data, itself dependent on precariousness of sur-
veillance systems in some areas, and the inherent difficul-
ties to proceed to clinical and laboratory confirmations. 
Diagnostic capacity is different between countries of the 
belt, and they also receive a lot of support from WHO 
and others to strengthen meningitis diagnosis. Con-
trastly, countries outside of the belt receive very little or 
no funding support that can also constitute a bias in the 
data reported [26].

The diversity of bacterial strains and species responsi-
ble for meningitis epidemics in Africa is another impor-
tant explanatory factor for the uncertainty surrounding 
lethality. Indeed, in a study of the meningitis epidemics 
of the meningeal belt published in 2002, Chippaux and 
his collaborators showed that lethality due to meningi-
tis varies according to bacterial strains and species [42]. 
According to WHO estimates, the lethality of meningitis 
caused by NmA is 5 to 10% [27] but the estimated lethal-
ity for other strains is still absolutely unclear. The high 
frequency of NmA may also explain why it is the most 
studied strain to date, and the one that remains the most 
representative of the symptoms responsible for meningi-
tis [65].

Since the massive introduction of meningococcal 
serogroup A conjugate vaccine (MenAfriVac) in 2010, 

a transitional change in the epidemiology of meningi-
tis epidemics in Africa has occurred as illustrated in the 
present work, with a dramatic decrease in the number of 
outbreaks caused by NmA [66]. This decrease is particu-
larly marked in some countries, for example in the case of 
Niger, Western Africa where NmA serogroup has disap-
peared while serogroups NmC, NmX, and NmW are now 
responsible for recurrent epidemics in this country. Our 
study indicates that since 2010 a downward trend in the 
reporting of NmA has begun. With the largest case peak 
in 2010, strain NmC was the most common from 2015 
to 2017 in Africa. The NmW strain coexisted with the 
latter from 2010 to 2012. The bacterial species S. pneu-
moniae was also prevalent in 2016, and in 2017 the strain 
NmX was responsible for a large case peak. The increas-
ing trend of other strains of N. meningitidis (other than 
NmA) is currently worrying [7], in particular because it 
seems that the elimination of NmA by vaccination may 
have led to its almost immediate replacement in human 
populations by other bacterial strains, as in an ecologi-
cal process of occupation of ecological niches rendered 
empty or the existence of ecological interference and 
competition across bacterial strains. Increased surveil-
lance of multiple serogroups throughout the African 
region is absolutely necessary, as well as consideration of 
vaccination with combination vaccines rather than just 
using a single strain as is currently the case against NmA 
[67–69]. Definitely this constitutes a priority challenge 
in the future to control these meningitis multi-strain 
infections if we want to decrease the burden of bacterial 
diseases due to the three main bacteria (Neisseria menin-
gitidis, Haemophilus influenzae and Streptococcus pneu-
moniae) in Africa in the near future.

Conclusion
The present study has shown that the burden of menin-
gitis is still high in Africa today, and progress in control 
is significantly lower than for other vaccine-preventa-
ble diseases [62, 70, 71]. Special attention needs to be 
paid to the development of vaccines with wider cov-
erage against the different pathogens responsible for 
meningitis epidemics. Efforts should be made to make 
these vaccines available to the health services in the 
most affected countries, to increase people’s accept-
ance of these vaccines, and finally to improve access 
to diagnostics and treatment in case of outbreaks [62]. 
Meningitis remains a major public health problem in 
Africa. Formerly concentrated in the region of the men-
ingitis belt with desert or sub-desert climates and other 
similar environmental conditions, this disease extends 
today outside these historical limits to reach forested 
regions located at the heart of Africa. With environ-
mental changes undergoing today, an epidemiological 
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transition of meningitis appears to be taking place, 
requiring a better consideration of the etiological 
nature of the responsible agents, coupled with cross-
cutting and integrative studies on the ecology and the 
evolution of the transmission of these African meningi-
tis outbreaks of different etiological natures. The chal-
lenges are many, certainly difficult, but by associating 
different disciplines and adopting an approach of ecol-
ogy and evolution of health, the so-called One Health 
and Ecohealth approaches, we will better understand 
the different determinants responsible for the mainte-
nance and the epidemic propagation of not only men-
ingitis but also other infectious diseases like Ebola virus 
disease, measles and pertussis among others in Africa. 
Inside-the-belt meningitis is still definitely true, but the 
international health community should be aware that 
bacterial meningitis has progressively reached regions 
outside-the-belt, and that current time is ringing the 
bell for a better transcontinental public health sur-
veillance and action. Strengthening the health surveil-
lance system all over the 54 African countries, and not 
only countries belonging to the meningitis belt, we can 
then expect to improve the regional capacities to fight 
against this severe disease.

Abbreviations
ACF: Autocorrelation function; AR: Autoregressive; ARMA: Autoregressive 
moving average; CSF: Cerebrospinal fluid; df: degree of freedom; DRC: Demo‑
cratic Republic of Congo; EPI: Expanded Programme on Immunization; Hia: 
Haemophilus influenzae type a; Hib: Haemophilus influenzae type b; HZ: Health 
zone; IDSR: Integrated Diseases Surveillance System; INRB: Institut National 
de Recherche Biomédicale; MA: Moving average; Nm: Neisseria meningitidis; 
p: P-value; PCR: Chain Reaction; PEV: Programme Elargi de vaccination; S.D: 
Standard deviation; Sp: Streptococcus pneumoniae; W: Week; WHO: World 
Health Organization.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12879-​021-​06724-1.

Additional file 1. Database_of_meningitis_confirmed_cases_2000_2017.

Additional file 2. Number_of_cases_meningitis_8_years_5.

Acknowledgements
Authors thank members of URF-ECMI (Training and Research Unit in Ecology 
of infectious diseases, Medicine Faculty, University of Kinshasa, DRC) for data 
entry and librarian at the WHO office in Brazzaville. We thank Pr. Brian Green‑
wood for his constructive comments and advices on an earlier version of this 
paper and two anonymous reviewers for their constructive comments on a 
previous version of this article.

Authors’ contributions
SM, ND and DB equally contributed in study design, data collection, analyses 
and interpretation, and writing paper. JFG participated to the study design, 
data analyses and interpretation, and the writing of the paper. EB participated 
to the statistical analyses and interpretation, and the writing of the paper. NT 
participated to the statistical analyses and interpretation. TPV participated to 
the statistical analyses and interpretation. HB participated to the study design, 

data analyses and interpretation, and the writing of the paper. JJM partici‑
pated to the study design. All authors read and approved the final manuscript.

Funding
The study was funding by the NGO « Organisation pour le Développement 
Durable de Mai-ndombe» (NGO ODDM), the URF-ECMI (Training and Research 
Unit in Ecology of infectious diseases, Medicine Faculty, University of Kinshasa, 
DRC) and UMR MIVEGEC, UMR CNRS IRD UM, Montpellier, France. JFG is sup‑
ported by an “Investissement d’Avenir” managed by Agence Nationale de la 
Recherche (LabEx CEBA: ANR-10-LABX-25-01), and is also supported by Institut 
de recherche pour le développement (IRD), Institut national de la recherche 
pour l’agriculture, l’alimentation et l’environnement (INRAE), Université de 
Montpellier and Ecole des Hautes Etudes en Santé Publique (EHESP).

Availability of data and materials
All data generated or analysed during this study are included in this published 
article [and its supplementary information files]. All the data accessible by the 
links below are publicly/ freely accessible: https://​apps.​who.​int/​iris/​handle/​
10665/​229717?​search-​result=​true&​query=​Menin​gitis+​data+​since+​1928+​
in+​Afric​a&​scope=%​2F&​rpp=​10&​sort_​by=​score​&​order=​desc. (Weekly 
Epidemiological Record 1930) (accessed 9.5.19). https://​apps.​who.​int/​iris/​
handle/​10665/​72037 (accessed 9.5.19). https://​www.​who.​int/​csr/​don/​archi​ve/​
disea​se/​menin​gococ​cal_​disea​se/​en/ (accessed 9.5.19). http://​www.​who.​int/​
gho/​epide​mic_​disea​ses/​menin​gitis/​epide​mic_​distr​icts_​text/​en/ (accessed 
9.5.19). http://​www.​safet​ravel.​ch/​safet​ravel2/​servl​et/​ch.​ofac.​wv.​wv203j.​pages.​
Wv203​Actua​lites​Ctrl?​action=​affic​heDet​ail&​refAc​tu=​000437 (accessed 9.5.19). 
https://​www.​who.​int/​emerg​encies/​disea​ses/​menin​gitis/​epide​miolo​gical/​en/ 
1 (accessed 10.5.19). https://​www.​who.​int/​csr/​resou​rces/​publi​catio​ns/​menin​
gitis/​whoem​cbac9​83.​pdf?​ua=1 (accessed 9.5.19). https://​apps.​who.​int/​iris/​
bitst​ream/​handle/​10665/​72037/​bulle​tin_​supp%​20_​Vol28.​pdf?​seque​nce=​
1&​isAll​owed=y (accessed 9.5.19). http://​prome​dmail.​chip/​mailm​an/​listi​nfo/​
promed and http://​www.​flutr​ackers.​com/​forum) (accessed 9.5.19).

Declarations

Ethics approval and consent to participate
This research was not considered human subjects research. Therefore, consul‑
tation of an ethics committee and consent to participate is not required.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Département de Microbiologie, Faculté de Médecine, Université de Kinshasa, 
Kinshasa, Democratic Republic of Congo. 2 MIVEGEC, Université de Montpel‑
lier, IRD, CNRS, 911 avenue Agropolis, BP 64501, 34394 Montpellier Cedex 5, 
France. 3 ASTRE, INRAE, Cirad, Université de Montpellier, Campus international 
de Baillarguet, 34398 Montpellier Cedex 5, France. 4 Chrono-Environnement, 
UMR CNRS 6249 Université de Franche-Comté, Besançon, France. 5 Départe‑
ment de Parasitologie‑Mycologie, Faculté de Médecine, Université Cheikh 
Anta Diop (UCAD), Dakar, Sénégal. 6 Centre de Recherche en Ecologie et Evolu‑
tion de la Santé (CREES), Montpellier, France. 

Received: 30 December 2020   Accepted: 10 August 2021

References
	1.	 Verma R, Khanna P. Meningococcal vaccine. Hum Vaccines Immunother. 

2012;8:1904–6. https://​doi.​org/​10.​4161/​hv.​21666.
	2.	 WHO | Managing epidemics [WWW Document], 2018. WHO. http://​www.​

who.​int/​emerg​encies/​disea​ses/​manag​ing-​epide​mics/​en/ Accessed May 
9 2019.

	3.	 WHO, 1998. WHO | Control of epidemic meningococcal disease. WHO 
practical guidelines. 2nd edition [WWW Document]. WHO. https://​www.​

https://doi.org/10.1186/s12879-021-06724-1
https://doi.org/10.1186/s12879-021-06724-1
https://apps.who.int/iris/handle/10665/229717?search-result=true&query=Meningitis+data+since+1928+in+Africa&scope=%2F&rpp=10&sort_by=score&order=desc
https://apps.who.int/iris/handle/10665/229717?search-result=true&query=Meningitis+data+since+1928+in+Africa&scope=%2F&rpp=10&sort_by=score&order=desc
https://apps.who.int/iris/handle/10665/229717?search-result=true&query=Meningitis+data+since+1928+in+Africa&scope=%2F&rpp=10&sort_by=score&order=desc
https://apps.who.int/iris/handle/10665/72037
https://apps.who.int/iris/handle/10665/72037
https://www.who.int/csr/don/archive/disease/meningococcal_disease/en/
https://www.who.int/csr/don/archive/disease/meningococcal_disease/en/
http://www.who.int/gho/epidemic_diseases/meningitis/epidemic_districts_text/en/
http://www.who.int/gho/epidemic_diseases/meningitis/epidemic_districts_text/en/
http://www.safetravel.ch/safetravel2/servlet/ch.ofac.wv.wv203j.pages.Wv203ActualitesCtrl?action=afficheDetail&refActu=000437
http://www.safetravel.ch/safetravel2/servlet/ch.ofac.wv.wv203j.pages.Wv203ActualitesCtrl?action=afficheDetail&refActu=000437
https://www.who.int/emergencies/diseases/meningitis/epidemiological/en/
https://www.who.int/csr/resources/publications/meningitis/whoemcbac983.pdf?ua=1
https://www.who.int/csr/resources/publications/meningitis/whoemcbac983.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/72037/bulletin_supp%20_Vol28.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/72037/bulletin_supp%20_Vol28.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/72037/bulletin_supp%20_Vol28.pdf?sequence=1&isAllowed=y
http://promedmail.chip/mailman/listinfo/promed
http://promedmail.chip/mailman/listinfo/promed
http://www.flutrackers.com/forum
https://doi.org/10.4161/hv.21666
http://www.who.int/emergencies/diseases/managing-epidemics/en/
http://www.who.int/emergencies/diseases/managing-epidemics/en/
https://www.who.int/csr/resources/publications/meningitis/WHO_EMC_BAC_98_3_EN/en/


Page 12 of 13Mazamay et al. BMC Infect Dis         (2021) 21:1027 

who.​int/​csr/​resou​rces/​publi​catio​ns/​menin​gitis/​WHO_​EMC_​BAC_​98_3_​
EN/​en/ Accessed 13 Oct 2019.

	4.	 Molesworth AM, Thomson MC, Connor SJ, Cresswell MP, Morse AP, 
Shears P, Hart CA, Cuevas LE. Where is the meningitis belt? Defining an 
area at risk of epidemic meningitis in Africa. Trans R Soc Trop Med Hyg. 
2002;96:242–9. https://​doi.​org/​10.​1016/​S0035-​9203(02)​90089-1.

	5.	 Bertherat E, Yada A, Djingarey MH, Koumare B. First major epidemic 
caused by Neisseria meningitidis serogroup W135 in Africa? Med Trop Rev 
Corps Sante Colon. 2002;62:301–4.

	6.	 Alonso et al., J.-M., 2006. Ceinture africaine de la méningite : de la génom‑
ique aux stratégies de surveillance, de lutte et de prévention. Bull Soc 
Pathol Exot 5.

	7.	 Boisier P, Maïnassara HB, Sidikou F, Djibo S, Kairo KK, Chanteau S. Case-
fatality ratio of bacterial meningitis in the African meningitis belt: we can 
do better. Vaccine. 2007;25:A24–9. https://​doi.​org/​10.​1016/j.​vacci​ne.​2007.​
04.​036.

	8.	 Delrieu I, Yaro S, Tamekloé TAS, Njanpop-Lafourcade B-M, Tall H, Jaillard P, 
Ouedraogo MS, Badziklou K, Sanou O, Drabo A, Gessner BD, Kambou JL, 
Mueller JE. Emergence of epidemic Neisseria meningitidis Serogroup X 
meningitis in Togo and Burkina Faso. PLoS ONE. 2011. https://​doi.​org/​10.​
1371/​journ​al.​pone.​00195​13.

	9.	 Sidikou F, Zaneidou M, Alkassoum I, Schwartz S, Issaka B, Obama R, 
Lingani C, Tate A, Ake F, Sakande S, Ousmane S, Zanguina J, Seidou I, 
Nzeyimana I, Mounkoro D, Abodji O, Wang X, Taha M-K, Moulia-Pelat JP, 
Pana A, Kadade G, Ronveaux O, Novak R, Oukem-Boyer OOM, Meyer S. 
Emergence of epidemic Neisseria meningitidis serogroup C in Niger, 2015: 
an analysis of national surveillance data. Lancet Infect Dis. 2016;16:1288–
94. https://​doi.​org/​10.​1016/​S1473-​3099(16)​30253-5.

	10.	 Broutin H, Philippon S, Constantin de Magny G, Courel M-F, Sultan B, Gué‑
gan J-F. Comparative study of meningitis dynamics across nine African 
countries: a global perspective. Int J Health Geogr. 2007;6:29. https://​doi.​
org/​10.​1186/​1476-​072X-6-​29.

	11.	 Lapeyssonnie, L., 1963. La méningite cérébrospinale en Afrique. Bull. 
World Health Organ. V 28 Suppl.

	12.	 Greenwood BM, Greenwood AM, Bradley AK, Williams K, Hassan-King 
M, Shenton FC, Wall RA, Hayes RJ. Factors influencing susceptibility to 
meningococcal disease during an epidemic in The Gambia, West Africa. J 
Infect. 1987;14:167–84. https://​doi.​org/​10.​1016/​S0163-​4453(87)​92052-4.

	13.	 Cheesbrough JS, Morse AP, Green SD. Meningococcal meningitis and car‑
riage in western Zaire: a hypoendemic zone related to climate? Epidemiol 
Infect. 1995;114:75–92.

	14.	 Besancenot, J.P., Boko, M., Oke, P.C., 1997. Weather conditions and cer‑
ebrospinal meningitis in Benin (gulf of Guinea, West Africa) 9.

	15.	 Greenwood B. Meningococcal meningitis in Africa. Trans R Soc Trop Med 
Hyg. 1999;93:341–53. https://​doi.​org/​10.​1016/​S0035-​9203(99)​90106-2.

	16.	 Martiny N, Dessay N, Yaka P, Toure O, Sultan B, Rebaudet S, Broutin H, 
Piarroux R, Chiapello I, Sagara I, Fontaine B, Sissoko M, Jeanne I, Doumbo 
OK, Gaudart J. Le climat, un facteur de risque pour la santé en Afrique de 
l’Ouest. La Météorologie. 2012. https://​doi.​org/​10.​4267/​2042/​48135.

	17.	 Sultan B, Labadi K, Guégan J-F, Janicot S. Climate Drives the Meningitis 
Epidemics Onset in West Africa. PLoS Med. 2005;2: e6. https://​doi.​org/​10.​
1371/​journ​al.​pmed.​00200​06.

	18.	 Mueller JE, Gessner BD. A hypothetical explanatory model for menin‑
gococcal meningitis in the African meningitis belt. Int J Infect Dis. 
2010;14:e553-559. https://​doi.​org/​10.​1016/j.​ijid.​2009.​08.​013.

	19.	 Agier L, Deroubaix A, Martiny N, Yaka P, Djibo A, Broutin H. Seasonality 
of meningitis in Africa and climate forcing: aerosols stand out. J R Soc 
Interface. 2013. https://​doi.​org/​10.​1098/​rsif.​2012.​0814.

	20.	 Jusot J-F, Neill DR, Waters EM, Bangert M, Collins M, Bricio Moreno L, 
Lawan KG, Moussa MM, Dearing E, Everett DB, Collard J-M, Kadioglu A. 
Airborne dust and high temperatures are risk factors for invasive bacterial 
disease. J Allergy Clin Immunol. 2017;139:977-986.e2. https://​doi.​org/​10.​
1016/j.​jaci.​2016.​04.​062.

	21.	 Russo R. A new meningococcal B vaccine. Ital J Pediatr. 2014;40:A2. 
https://​doi.​org/​10.​1186/​1824-​7288-​40-​S1-​A2.

	22.	 Crum-Cianflone N, Sullivan E. Meningococcal Vaccinations. Infect Dis 
Ther. 2016;5:89–112. https://​doi.​org/​10.​1007/​s40121-​016-​0107-0.

	23.	 WHO | Meningococcal disease [WWW Document], 2019. . WHO. http://​
www.​who.​int/​csr/​don/​archi​ve/​disea​se/​menin​gococ​cal_​disea​se/​en/ 
(accessed 9.5.19). http://​www.​who.​int/​emerg​encies/​disea​ses/​menin​gitis/​
en/ (accessed 10.15.19).

	24.	 Kumar P, Verma IC. Antibiotic therapy for bacterial meningitis in children 
in developing countries. Bull World Health Organ. 1993;71:183–8.

	25.	 Van de Beek D, Cabellos C, Dzupova O, Esposito S, Klein M, Kloek AT, Leib 
SL, Mourvillier B, Ostergaard C, Pagliano P, Pfister HW, Read RC, Sipahi OR, 
Brouwer MC. ESCMID guideline: diagnosis and treatment of acute bacte‑
rial meningitis. Clin Microbiol Infect. 2016;22:S37–62. https://​doi.​org/​10.​
1016/j.​cmi.​2016.​01.​007.

	26.	 WHO, 2015. WHO | Meningococcal meningitis [WWW Document]. WHO. 
http://​www.​who.​int/​immun​izati​on/​disea​ses/​menin​gitis/​en/ (accessed 
10.15.19).

	27.	 WHO, 2018. WHO | Meningitis [WWW Document]. WHO. http://​www.​
who.​int/​emerg​encies/​disea​ses/​menin​gitis/​en/ (accessed 10.15.19).

	28.	 LaForce FM, Djingarey M, Viviani S, Preziosi M-P. Successful African intro‑
duction of a new Group A meningococcal conjugate vaccine: future chal‑
lenges and next steps. Hum Vaccines Immunother. 2018;14:1098–102. 
https://​doi.​org/​10.​1080/​21645​515.​2017.​13788​41.

	29.	 Trotter CL, Lingani C, Fernandez K, Cooper LV, Bita A, Tevi-Benissan C, 
Ronveaux O, Préziosi M-P, Stuart JM. Impact of MenAfriVac in nine coun‑
tries of the African meningitis belt, 2010–15: an analysis of surveillance 
data. Lancet Infect Dis. 2017;17:867–72. https://​doi.​org/​10.​1016/​S1473-​
3099(17)​30301-8.

	30.	 Kwambana-Adams BA, Amaza RC, Okoi C, Rabiu M, Worwui A, Foster-
Nyarko E, Ebruke B, Sesay AK, Senghore M, Umar AS, Usman R, Atiku A, 
Abdullahi G, Buhari Y, Sani R, Bako HU, Abdullahi B, Yarima AI, Sikiru B, 
Moses AO, Popoola MO, Ekeng E, Olayinka A, Mba N, Kankia A, Mamadu 
IN, Okudo I, Stephen M, Ronveaux O, Busuttil J, Mwenda JM, Abdulaziz 
M, Gummi SA, Adedeji A, Bita A, Omar L, Djingarey MH, Alemu W, 
D’Alessandro U, Ihekweazu C, Antonio M. Meningococcus serogroup C 
clonal complex ST-10217 outbreak in Zamfara State, Northern Nigeria. Sci 
Rep. 2018. https://​doi.​org/​10.​1038/​s41598-​018-​32475-2.

	31.	 Luo, N., Perera, C., Holton, J., Ayles, H., Zumla, A., 1998. Spread of Neisseria 
meningitidis Group A Clone II1–1Meningitis Epidemic into Zambia 3.

	32.	 Ceyhan M, Anis S, Htun-Myint L, Pawinski R, Soriano-Gabarró M, Vyse A. 
Meningococcal disease in the Middle East and North Africa: an important 
public health consideration that requires further attention. Int J Infect Dis. 
2012;16:e574–82. https://​doi.​org/​10.​1016/j.​ijid.​2012.​03.​011.

	33.	 WHO | Meningococcal disease [WWW Document], 2019. WHO. http://​
www.​who.​int/​csr/​don/​archi​ve/​disea​se/​menin​gococ​cal_​disea​se/​en/ 
(accessed 9.5.19).

	34.	 Serge Mazamay, Helène Broutin, Didier Bompangue, Jean-Jacques 
Muyembe, Jean-François Guegan. The environmental drivers of bacterial 
meningitis epidemics in the Democratic Republic of Congo, central 
Africa. 1–16. PLOS NEGLECTED TROPICAL DISEASES (2020). https://​doi.​
org/​10.​1371/​journ​al.​pntd.​00086​34

	35.	 United Nations [WWW Document], 2015. https://​www.​un.​org/​en/​secti​
ons/​issues-​depth/​popul​ation/​index.​html (accessed 9.5.19).

	36.	 Chudeau, 1916. Annales de Géographie, t. 25, n°138, 1916. 25.
	37.	 Obiero, J., Onyando, J., 2013. Climate, in: Developments in Earth Surface 

Processes. pp. 39–50. https://​doi.​org/​10.​1016/​B978-0-​444-​59559-1.​
00005-0

	38.	 Molesworth AM, Cuevas LE, Connor SJ, Morse AP, Thomson MC. Envi‑
ronmental risk and meningitis epidemics in Africa. Emerg Infect Dis. 
2003;9:1287. https://​doi.​org/​10.​3201/​eid09​10.​030182.

	39.	 Cuevas LE, Jeanne I, Molesworth A, Bell M, Savory EC, Connor SJ, 
Thomson MC. Risk mapping and early warning systems for the control 
of meningitis in Africa. Vaccine Meningococcal Mening Afr Mening Belt. 
2007;25:A12–7. https://​doi.​org/​10.​1016/j.​vacci​ne.​2007.​04.​034.

	40.	 Djohy G, Edja AH, Djohy MS. Représentations populaires de la méningite 
épidémique dans un contexte de changement climatique au Nord-
Bénin. Sci Soc Sante. 2015;33:47–74.

	41.	 García-Pando CP, Stanton MC, Diggle PJ, Trzaska S, Miller RL, Perlwitz 
JP, Baldasano JM, Cuevas E, Ceccato P, Yaka P, Thomson MC. Soil dust 
aerosols and wind as predictors of seasonal meningitis incidence in niger. 
Environ Health Perspect. 2014;122:679–86. https://​doi.​org/​10.​1289/​ehp.​
13066​40.

	42.	 Chippaux J-P, Debois H, Saliou P. Revue critique des stratégies de contrôle 
des épidémies de méningite à méningocoque en Afrique subsaharienne. 
Bull Société Pathol Exot. 2002;94:37–44.

	43.	 Yaka P, Sultan B, Broutin H, Janicot S, Philippon S, Fourquet N. Rela‑
tionships between climate and year-to-year variability in meningitis 

https://www.who.int/csr/resources/publications/meningitis/WHO_EMC_BAC_98_3_EN/en/
https://www.who.int/csr/resources/publications/meningitis/WHO_EMC_BAC_98_3_EN/en/
https://doi.org/10.1016/S0035-9203(02)90089-1
https://doi.org/10.1016/j.vaccine.2007.04.036
https://doi.org/10.1016/j.vaccine.2007.04.036
https://doi.org/10.1371/journal.pone.0019513
https://doi.org/10.1371/journal.pone.0019513
https://doi.org/10.1016/S1473-3099(16)30253-5
https://doi.org/10.1186/1476-072X-6-29
https://doi.org/10.1186/1476-072X-6-29
https://doi.org/10.1016/S0163-4453(87)92052-4
https://doi.org/10.1016/S0035-9203(99)90106-2
https://doi.org/10.4267/2042/48135
https://doi.org/10.1371/journal.pmed.0020006
https://doi.org/10.1371/journal.pmed.0020006
https://doi.org/10.1016/j.ijid.2009.08.013
https://doi.org/10.1098/rsif.2012.0814
https://doi.org/10.1016/j.jaci.2016.04.062
https://doi.org/10.1016/j.jaci.2016.04.062
https://doi.org/10.1186/1824-7288-40-S1-A2
https://doi.org/10.1007/s40121-016-0107-0
http://www.who.int/csr/don/archive/disease/meningococcal_disease/en/
http://www.who.int/csr/don/archive/disease/meningococcal_disease/en/
http://www.who.int/emergencies/diseases/meningitis/en/
http://www.who.int/emergencies/diseases/meningitis/en/
https://doi.org/10.1016/j.cmi.2016.01.007
https://doi.org/10.1016/j.cmi.2016.01.007
http://www.who.int/immunization/diseases/meningitis/en/
http://www.who.int/emergencies/diseases/meningitis/en/
http://www.who.int/emergencies/diseases/meningitis/en/
https://doi.org/10.1080/21645515.2017.1378841
https://doi.org/10.1016/S1473-3099(17)30301-8
https://doi.org/10.1016/S1473-3099(17)30301-8
https://doi.org/10.1038/s41598-018-32475-2
https://doi.org/10.1016/j.ijid.2012.03.011
http://www.who.int/csr/don/archive/disease/meningococcal_disease/en/
http://www.who.int/csr/don/archive/disease/meningococcal_disease/en/
https://doi.org/10.1371/journal.pntd.0008634
https://doi.org/10.1371/journal.pntd.0008634
https://www.un.org/en/sections/issues-depth/population/index.html
https://www.un.org/en/sections/issues-depth/population/index.html
https://doi.org/10.1016/B978-0-444-59559-1.00005-0
https://doi.org/10.1016/B978-0-444-59559-1.00005-0
https://doi.org/10.3201/eid0910.030182
https://doi.org/10.1016/j.vaccine.2007.04.034
https://doi.org/10.1289/ehp.1306640
https://doi.org/10.1289/ehp.1306640


Page 13 of 13Mazamay et al. BMC Infect Dis         (2021) 21:1027 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

outbreaks: a case study in Burkina Faso and Niger. Int J Health Geogr. 
2008;7:34. https://​doi.​org/​10.​1186/​1476-​072X-7-​34.

	44.	 Trzaska S, Thomson M, Madajewicz M, Dinku T, Ceccatu P, Cibrelus 
L, Adamo S, Levy M, Yetman G, Perlwitz J, Miller R, Kalashinokova O. 
Environnemental factors and population dynamics as determinants of 
meningococcal meningitis epidemics in the Sahel: an investigation of 
NASA and NOAA products, 2011.

	45.	 Philippon S, Broutin H, Constantin de Magny G, Toure K, Diakite CH, 
Fourquet N, Courel M-F, Sultan B, Guégan J-F. Meningococcal meningitis 
in Mali: a long-term study of persistence and spread. Int J Infect Dis. 
2009;13:103–9. https://​doi.​org/​10.​1016/j.​ijid.​2008.​05.​1223.

	46.	 Martiny N, Chiapello I. Assessments for the impact of mineral dust on 
the meningitis incidence in West Africa. Atmos Environ. 2013;70:245–53. 
https://​doi.​org/​10.​1016/j.​atmos​env.​2013.​01.​016.

	47.	 García-Pando CP, Thomson MC, Stanton MC, Diggle PJ, Hopson T, Pandya 
R, Miller RL, Hugonnet S. Meningitis and climate: from science to practice. 
Earth Perspect. 2014;1:14. https://​doi.​org/​10.​1186/​2194-​6434-1-​14.

	48.	 Paireau J, Manassara HB, Jusot J-F, Collard J-M, Idi I, Moulia-Pelat J-P, Muel‑
ler JE, Fontanet A. Spatio-temporal factors associated with meningococ‑
cal meningitis annual incidence at the health centre level in Niger, 2014. 
PLoS Negl Trop Dis. 2014;8: e2899. https://​doi.​org/​10.​1371/​journ​al.​pntd.​
00028​99.

	49.	 Woringer M, Martiny N, Porgho S, Bicaba BW, Bar-Hen A, Mueller JE. 
Atmospheric dust, early cases, and localized meningitis epidemics in the 
african meningitis belt: an analysis using high spatial resolution data. 
Environ Health Perspect. 2018. https://​doi.​org/​10.​1289/​EHP27​52.

	50.	 Doyle TJ, Glynn MK, Groseclose SL. Completeness of notifiable infectious 
disease reporting in the United States: an analytical literature review. Am 
J Epidemiol. 2002;155:866–74. https://​doi.​org/​10.​1093/​aje/​155.9.​866.

	51.	 Agier L, Martiny N, Thiongane O, Mueller JE, Paireau J, Watkins ER, Irving 
TJ, Koutangni T, Broutin H. Towards understanding the epidemiology of 
Neisseria meningitidis in the African meningitis belt: a multi-disciplinary 
overview. Int J Infect Dis. 2017;54:103–12. https://​doi.​org/​10.​1016/j.​ijid.​
2016.​10.​032.

	52.	 Savory EC, Cuevas LE, Yassin MA, Hart CA, Molesworth AM, Thomson MC. 
Evaluation of the meningitis epidemics risk model in Africa. Epidemiol 
Infect. 2006;134:1047–51. https://​doi.​org/​10.​1017/​S0950​26880​60059​29.

	53.	 Patz JA, Olson SH. Climate change and health: global to local influences 
on disease risk. Ann Trop Med Parasitol. 2006;100:535–49. https://​doi.​org/​
10.​1179/​13648​5906X​97426.

	54.	 Patz JA, Olson SH, Uejio CK, Gibbs HK. disease emergence from global 
climate and land use change. Med Clin N Am New Emerg Infect Dis. 
2008;92:1473–91. https://​doi.​org/​10.​1016/j.​mcna.​2008.​07.​007.

	55.	 Abdussalam AF, Monaghan AJ, Steinhoff DF, Dukic VM, Hayden MH, 
Hopson TM, Thornes JE, Leckebusch GC. The impact of climate change 
on meningitis in Northwest Nigeria: an assessment using CMIP5 climate 
model simulations. Weather Clim Soc. 2014;6:371–9. https://​doi.​org/​10.​
1175/​WCAS-D-​13-​00068.1.

	56.	 Sintayehu DW. Impact of climate change on biodiversity and associated 
key ecosystem services in Africa: a systematic review. Ecosyst Health 
Sustain. 2018;4:225–39. https://​doi.​org/​10.​1080/​20964​129.​2018.​15300​54.

	57.	 Demissew, S., Mikissa, J.-B., 2018. Members of the management commit‑
tee who provided guidance for the production of this assessment: 52.

	58.	 Wilcox B, Ellis B. Forests and emerging infectious diseases of humans. 
Unasylva. 2006;57:11–8.

	59.	 Lindahl JF, Grace D. The consequences of human actions on risks for 
infectious diseases: a review. Infect Ecol Epidemiol. 2015. https://​doi.​org/​
10.​3402/​iee.​v5.​30048.

	60.	 Guégan J-F, Ayouba A, Cappelle J, de Thoisy B. Emerging infectious dis‑
eases and tropical forests: unleashing the beast within. Environ Res Lett. 
2020;15:083007. https://​doi.​org/​10.​1088/​1748-​9326/​ab8dd7/​pdf.

	61.	 Morris AL, Guégan J-F, Andreou D, Marsollier L, Carolan K, Le Croller M, 
Sanhueza D, Gozlan RE. Deforestation-driven food-web collapse linked 
to emerging tropical infectious disease Mycobacterium ulcerans. Sci Adv. 
2016. https://​doi.​org/​10.​1126/​sciadv.​16003​87.

	62.	 Zunt JR, Kassebaum NJ, Blake N, Glennie L, Wright C, Nichols E. Global, 
regional, and national burden of meningitis, 1990–2016: a systematic 
analysis for the Global Burden of Disease Study 2016. Lancet Neurol. 
2018;17:1061–82. https://​doi.​org/​10.​1016/​S1474-​4422(18)​30387-9.

	63.	 Peltola H. Burden of meningitis and other severe bacterial infections of 
children in Africa: implications for prevention. Clin Infect Dis. 2001;32:64–
75. https://​doi.​org/​10.​1086/​317534.

	64.	 Mazamay S, Bompangue D, Guégan JF, Muyembe JJ, Raoul F, Brou‑
tin H. Understanding the spatio-temporal dynamics of meningitis 
epidemics outside the belt: the case of the Democratic Republic of 
Congo (DRC). BMC Infect Dis. 2020;20(1):291. https://​doi.​org/​10.​1186/​
s12879-​020-​04996-7.

	65.	 Hart CA, Cuevas LE. Meningococcal disease in Africa. Ann Trop Med 
Parasitol. 1997;91:777–85. https://​doi.​org/​10.​1080/​00034​98976​0536.

	66.	 Lingani C, Bergeron-Caron C, Stuart JM, Fernandez K, Djingarey MH, Ron‑
veaux O, Schnitzler JC, Perea WA. Meningococcal meningitis surveillance 
in the African meningitis belt, 2004–2013. Clin Infect Dis. 2015;61(Suppl 
5):S410-415. https://​doi.​org/​10.​1093/​cid/​civ597.

	67.	 Funk A, Uadiale K, Kamau C, Caugant DA, Ango U, Greig J. Sequential 
outbreaks due to a new strain of Neisseria meningitidis serogroup C in 
northern Nigeria, 2013–14. PLoS Curr. 2014. https://​doi.​org/​10.​1371/​curre​
nts.​outbr​eaks.​b50c2​aaf10​32b3c​cade0​fca0b​63ee5​18.

	68.	 Xie O, Pollard AJ, Mueller JE, Norheim G. Emergence of serogroup 
X meningococcal disease in Africa: need for a vaccine. Vaccine. 
2013;31:2852–61. https://​doi.​org/​10.​1016/j.​vacci​ne.​2013.​04.​036.

	69.	 Tzeng Y-L, Stephens DS. A narrative review of the W, X, Y, E, and NG of 
meningococcal disease: emerging capsular groups, pathotypes, and 
global control. Microorganisms. 2021. https://​doi.​org/​10.​3390/​micro​
organ​isms9​030519.

	70.	 Feikin DR, Scott JAG, Gessner BD. Use of vaccines as probes to define 
disease burden. Lancet. 2014;383:1762–70. https://​doi.​org/​10.​1016/​
S0140-​6736(13)​61682-7.

	71.	 Mihigo R, Okeibunor J, Masresha B, Mkanda P, Poy A, Zawaira F, Cabore 
J. Immunization and vaccine development: progress towards high and 
equitable immunization coverage in the Africa Region. J Immunol Sci 
Suppl. 2018;19:1–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1186/1476-072X-7-34
https://doi.org/10.1016/j.ijid.2008.05.1223
https://doi.org/10.1016/j.atmosenv.2013.01.016
https://doi.org/10.1186/2194-6434-1-14
https://doi.org/10.1371/journal.pntd.0002899
https://doi.org/10.1371/journal.pntd.0002899
https://doi.org/10.1289/EHP2752
https://doi.org/10.1093/aje/155.9.866
https://doi.org/10.1016/j.ijid.2016.10.032
https://doi.org/10.1016/j.ijid.2016.10.032
https://doi.org/10.1017/S0950268806005929
https://doi.org/10.1179/136485906X97426
https://doi.org/10.1179/136485906X97426
https://doi.org/10.1016/j.mcna.2008.07.007
https://doi.org/10.1175/WCAS-D-13-00068.1
https://doi.org/10.1175/WCAS-D-13-00068.1
https://doi.org/10.1080/20964129.2018.1530054
https://doi.org/10.3402/iee.v5.30048
https://doi.org/10.3402/iee.v5.30048
https://doi.org/10.1088/1748-9326/ab8dd7/pdf
https://doi.org/10.1126/sciadv.1600387
https://doi.org/10.1016/S1474-4422(18)30387-9
https://doi.org/10.1086/317534
https://doi.org/10.1186/s12879-020-04996-7
https://doi.org/10.1186/s12879-020-04996-7
https://doi.org/10.1080/00034989760536
https://doi.org/10.1093/cid/civ597
https://doi.org/10.1371/currents.outbreaks.b50c2aaf1032b3ccade0fca0b63ee518
https://doi.org/10.1371/currents.outbreaks.b50c2aaf1032b3ccade0fca0b63ee518
https://doi.org/10.1016/j.vaccine.2013.04.036
https://doi.org/10.3390/microorganisms9030519
https://doi.org/10.3390/microorganisms9030519
https://doi.org/10.1016/S0140-6736(13)61682-7
https://doi.org/10.1016/S0140-6736(13)61682-7

	An overview of bacterial meningitis epidemics in Africa from 1928 to 2018 with a focus on epidemics “outside-the-belt”
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study area
	Epidemiological data
	Data from passive surveillance
	Data from laboratory analysis (confirmed cases)

	Shapefile data
	Data analysis

	Results
	Spatial dynamic trends (1928 to 2018)
	Laboratory confirmation
	CSF isolates
	Temporal distribution of bacterial meningitis agents
	Spatial distribution of bacterial meningitis agents


	Discussion
	Conclusion
	Acknowledgements
	References


