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Abstract: Objective: Bacterial meningitis is a serious, urgent, debilitating and fatal disease.
It is therefore necessary to have data on bacterial epidemiology and the profile of sensitivity
to antibiotics on which the emergency treatment protocol could be based. This study aimed
to identify the bacteriological profile of meningitis in children aged 3 months to 15 years in
sub-Saharan Africa by conducting a systematic review of recent literature. Methods: This is
a systematic review of the literature for which we visited free databases including PubMed,
Cochrane, Medline, Google scholar and PMC Free. The key words used were: bacterial
meningitis, Sub-Saharan Africa, Acute bacterial meningitis; Culture; Gram stain; Incidence,
meningitis; pneumococcus; Haemophilus influenzae. Articles were included from sub-Saharan
Africa in any language, and published since 2004. In total, the search generated 48 studies,
which after applying the criteria mentioned above, only 7 studies were retained. Results: This
systematic review showed that the bacterial flora during meningitis in children aged between 3
months to 15 years is essentially dominated by Streptococcus pneumonia in the majority with
a weighted frequency of 42.9% (35.2–47.4) and significant heterogeneity between different
authors (p < 0.001). This was followed by Haemophilus influenzae with a weighted frequency of
13.8% (11.3–18.1). Escherichia coli and meningococci were observed in a small proportion. The
germs identified were more sensitive to cefotaxime, ceftriaxone, then to amoxicillin, gentamicin
and oxacillin. Conclusion: Studies are necessary to regularly revisit the bacterial flora during
meningitis in children in order to adapt the treatment according to the antibiogram and for
probabilistic antibiotic therapy to be based on research results, because this flora bacterial
infection varies from one period to another and from one country to another.

Keywords: bacteriological profile, children’s meningitis, sub-Saharan Africa

1 Introduction
Meningitis is an inflammatory process of generally infectious origin affecting the meninges.

It is a disease present throughout the world with various etiologies: bacterial, viral, fungal
or parasitic (1). Meningitis in infants and children poses a serious health problem because it
represents a major cause of morbidity and mortality. Clinical signs alone do not make it possible
to distinguish viral from bacterial origin. In addition to viral meningitis which has a less severe
prognosis, bacterial meningitis remains a frequent and serious problem in pediatrics due to its
incidence, mortality and the evolution of resistance [1, 2].

It is estimated that approximately 90% of cases of bacterial meningitis are caused specifically
by three pathogens: Neisseria meningitidis, Streptococcus pneumoniae and Haemophilus in-
fluenzae type b [3]. Other germs may be encountered depending on the age (newborn), the terrain
(immunosuppression), and particular circumstances (iatrogenic meningitis). Furthermore, we
observe constant changes in the epidemiology of meningitis because in particular of vaccination
against Haemophilus influenzae which has made it possible to considerably reduce the incidence
of this germ in Europe. On the other hand, for several years we have been witnessing the
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emergence of strains of pneumococci with reduced sensitivity to penicillin and there are still
epidemics of meningococcal meningitis, particularly in Africa [1–3]. Each year, the World
Health Organization (WHO) counts one million new cases with a lethality of 10% [4]. In the
West, Ramasamy M et al. [5] demonstrated in 2018 that the average age most affected was
2 months and viral meningitis was involved in 26% of cases, the most used antibiotics were
ceftriaxone/cefotaxime at 81% for > 1 month.

Bacterial meningitis constitutes a therapeutic emergency. First-line antibiotic therapy is
therefore empirical. The choice of antibiotic therapy is therefore based on knowledge of
epidemiological data, that of the bacterial agents most often involved and their sensitivity to
antibiotics. Although antibiotics have existed for more than 70 years and are effective against
this pathology, bacterial meningitis continues to cause significant morbidity and mortality,
particularly through diagnostic difficulties and consequently a delay in initiating treatment that
is often too long [1–7]. In Mali, Maiga B et al. demonstrated in 2019 that the most affected age
group was 1-23 months and the germ in question was pneumococcus at 27%, the antibiotic used
was ceftriaxone at 70% [8].

Bacterial meningitis is a serious, urgent, debilitating and fatal disease [9–14]. This is why
it is necessary to have data on the bacterial epidemiology of meningitis in children and on the
profile of sensitivity to antibiotics (antibiogram) on which the emergency treatment protocol
could be based, which, moreover, has evolved, particularly in the best-equipped countries.

The objective of this study was to identify the bacteriological profile of meningitis in children
aged 3 months to 15 years in sub-Saharan Africa by conducting a systematic review of recent
literature.

2 Methods
2.1 Study type and procedure

This is a systematic review of the literature for which we visited free databases including
PubMed, Cochrane, Medline, Google scholar and PMC. The key words used were: meningitis;
bacterial meningitis; Acute bacterial meningitis; Sub-Saharan Africa; Culture; Gram stain;
Incidence; pneumococcus; Haemophilus influenzae. Our search considered articles conducted
in Sub-Saharan Africa, in all languages, and published since 2004. In total, the search generated
48 studies, of which after applying the criteria mentioned above, only 7 studies were retained.
Figure 1 provides information on study recruitment.

Figure 1 Study selection flow

2.2 Data processing and analysis
The weighted frequency of germs was estimated by the random method with SPSS 26.0

software (Statistical Package of Social Sciences), globally stratified for each type of germ
found, with a confidence interval estimated at 95% (95% CI). The estimate of the common
effect was obtained using the mean of the estimates from each trial, weighted by the inverse of
their variance. The statistical significance threshold was p<0.05 (95% CI). The linear results
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provided in the form of tables by SPSS were then transported to Excel 2016 which allowed us
to generate forest plots for better presentation.

3 Results
3.1 General characteristics

Table 1 shows the general characteristics of the studies selected.

Table 1 General characteristics of the studies selected

Authors Country Nature of the study Year
Sample

size

Doumbia AK, et al. Mali Transverse 2020 120
Nhantumbo AA, et al. Mozambique - 2015 369
Sigauque B, et al. Mozambique Analytical prospective 2008 475
Boni-Cisse C, et al. Ivory Coast Longitudinal 2019 2762
Tagbo BN, et al. Nigeria Longitudinal 2019 5134

Kwambana-Adams BA, et al.
Senegal, Ghana, Togo,
– Nigeria, Niger Longitudinal 2020 1535

Maiga B, et al. Mali Retrospective description 2019 100

3.2 Microbiological characteristics of the studies selected
Overall, Streptococcus pneumonia predominates, followed by Haemophilus influenzae. Es-

cherichia coli and meningococci were observed in a small proportion. The germs identified
were more sensitive to cefotaxime, ceftriaxone, then to amoxicillin and gentamicin finally to
oxacillin. (Table 2)

Table 2 Microbiological characteristics of the studies selected

Authors Diagnostic methods Superiority Antibiogram Pathogens isolated Remarks

Doumbia AK, et al. Direct examination,
Gram Stain and culture - Ceftriaxon/cefotaxim +

Gentamicin S. pneumoniae : 57% Fatality rate: 1% -
After-effects: 8%

Nhantumbo AA, et
al.

qPCR, Culture,
Macroscopic
examination,
cytochemical study

qPCR >Culture
(52.3% vs 7.3%) - S..pneumoniae : 32.8%

H. influenzae : 12.2% -

Sigauque B, et al. Culture - - Oxacillin -
Chloraphenicol

S. pneumniae : 43.7% H.
influenzae : 18.3% Fatality rate: 36%

Boni-Cisse C, et al. Microbiology, PCR - 10-valent pneumococcal
conjugate vacin

S. pneumoniae : 69.5% -
H. influenzae : 15.8%

- Sequels: 7.4%
Lethality rate: 6.2%

Tagbo BN, et al.
Microbiology, latex
agglutination techniques,
serotyping, PCR

- 10-valent pneumococcal
conjugate vacin

S. pneumoniae : 46.4% -
Meningococcus: 34.6%

- Sequels: 2% Case
fatality rate: 15.0%

Kwambana-Adams
BA, et al.

Bacteriologic culture,
PCR, TAC (TaqMan
Array Card)

TAC: 20% PCR:
2.4% Culture:2.0% Conjugate Vaccines - Escherichia coli: 4.8% -

S. pneumoniae : 3.5% - Lethality: 9.8%

Maiga B, et al. Direct examination -
- Ceftriaxone: 70% -
Amoxicillin: 20%
Gentamycin: 10%

S. pneumoniae : 27% H.
influenzae : 9%

- Lethality: 18% -
After-effects: 9%

Among the studies identified, Streptococcus pneumonia had, in the majority, a weighted
frequency of 42.9%, a confidence interval ranging from 35.2 to 47.4 and significant heterogeneity
between different authors (p < 0.001) (Figure 1a). Next came Haemophilus influenzae with a
weighted frequency of 13.8% (11.3–18.1) (Figure 2b). Escherichia coli and meningococci were
observed in a small proportion (Figure 2).

4 Discussion
Bacterial meningitis constitutes a therapeutic emergency worldwide and particularly in sub-

Saharan Africa in children aged 3 months to 15 years. Its management requires protocolized,
aggressive actions and good knowledge of the bacteriological profile present.
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Figure 2 Weighted frequency

4.1 Diagnostic means
The studies included in this systematic literature review report that meningitis was laboratory

confirmed in cerebrospinal fluid (CSF), by bacteriological culture, Gram stain, Direct examina-
tion, Polymerase Chain Reaction (PCR), latex agglutination techniques and TaqMan Array Card
(TAC) with notably higher specificity of the TAC on the PCR and of the PCR on the culture
[15, 16]. Gram stain and bacteriological culture, analyzed by an experienced reader, generally
help to detect the germs in question, however previous antibiotic therapy can significantly
reduce this perfomance [17]. In this specific case, PCR may be more sensitive for diagnosis
despite previous antibiotic therapy [15] and the TAC test has the advantage of simultaneously
and accurately detecting multiple pathogens [16].

4.2 Incriminated germs
The most common pathogen encountered in the majority of included studies was Strepto-

coccus pneumoniae, followed by Haemophilus influenza. This finding is consistent with those
reported in previous reviews in Africa and globally [18–20]. Indeed, despite the introduction
of vaccination against these germs, Streptococcus pneumoniae and Haemophilus influenza,
remain the main bacterial pathogens causing meningitis in the pediatric environment and beyond
the neonatal period [20, 21]. However, one of the studies recorded in the journal reported
Escherichia coli as the pathogen most implicated in meningitis in West Africa. The bacterial
pathogen Escherichia coli is well known to be the common cause of neonatal meningitis and
this high rate in older children may be associated with the presence of comorbidities such as
malnutrition as prominent in these settings in this study [22, 23].

4.3 Curative therapeutic means
Among the studies visited, apart from the established vaccination, the most used molecules

were third generation cephalosporins (cefotaxime, ceftriaxone) associated with an aminoglyco-
side specifically Gentamicin. Currently, dual therapy based on high doses of third-generation
cephalosporins combined with either vancomycin or gentamicin is proposed as optimal em-
pirical treatment in cases of presumed meningitis or while awaiting antibiogram [24]. Several
reports worldwide have noted therapeutic failures using meningitic doses of third-generation
cephalosporins as monotherapy [25–27]. Although in adults a high dose of cefotaxime may
have good results [28], in children a high dose of cefotaxime has been shown to be insufficient
to achieve the necessary bactericidal activity [29]. Hence the need for children aged 3 months
to 15 years to introduce dual therapy in the treatment of bacterial meningitis which has effective
results even on resistant strains of streptococcus pneumoniae [30]. The recommended dose
of Cefotaxime remains 200 mg/kg/day and that of ceftriaxone 100 mg/kg/day [24, 25]. In our
review, an article that used chloramphenicol combined with a penicillin (oxacillin) reported an
overall lethality of 36%, generally in the presence of S. pneumoniae (45%) and H. influenza
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(55%). The growing resistance to penicillin and chloramphenicol among strains of pneumococ-
cus may justify in particular this significant therapeutic failure and the need to use dual therapy
based on high doses of third generation cephalosporins associated with either vancomycin or
gentamicin against bacterial meningitis in Africa. Concerning the use of corticosteroid therapy,
no study in our review mentioned it as an adjunctive treatment, however it has been proven
that the use of corticosteroid therapy, in particular Dexamethasone, was necessary to reduce the
inflammatory reaction of the CSF and prevent the after-effects (neurological and auditory) of
meningitis [18, 31].

4.4 Evolution
Studies included in the review reported up to 36% deaths among children affected by bacterial

meningitis and almost 10% clinically evident sequelae. These figures are still high despite
the use of appropriate antibiotic therapy and the implementation of a vaccination policy using
conjugate vaccines effective against the three main bacterial pathogens responsible for bacterial
meningitis, Streptococcus pneumoniae, Haemophilus influenzae type b (Hib) and Neisseria
meningitifis serogroup A. Another review conducted in Africa in 2009 also reported similar
results [18]. It turns out that several protocols are necessary in the treatment of meningitis
in children aged 3 months to 15 years in Sub-Saharan Africa, depending on the country and
the bacterial epidemiology observed in the environment. These protocols should be updated
regularly to adapt them to the bacterial ecology which varies from one period to another. For
prevention, mass vaccination of children against Haemophilus represents a major means of
reducing the frequency of meningitis caused by these germs, even if all serotypes are not covered
by these vaccines.

5 Conclusion
This study revealed that the bacterial flora during meningitis in children aged 3 months

to 15 years is essentially dominated by Streptococcus pneumoniae in the majority, followed
by Haemophilus influenzae. Escherichia coli and meningococci were observed in a small
proportion. The identified germs were more sensitive to cefotaxime, ceftriaxone, then to
amoxicillin, gentamicin and finally to oxacillin. In view of this results, we believe that studies
are necessary to regularly revisit the bacterial flora during meningitis in children in order to
adapt the treatment according to the antibiogram and for probabilistic antibiotic therapy to be
based on the research results, because this bacterial flora varies from one period to another and
from one country to another.

Conflicts of interest
The authors declare that they have no conflict of interest.

References
[1] Bourillon A, Brigen E. Méningites purulentes du nouveau-né, du nourrisson et de l’enfant. In: EMC
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[2] Bosdure E., Méningites bactériennes de l’enfant et complications,Flammarion, Neurologie Pédiatrique
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[9] Doumbia AK, Togo P, Konaté D, et al. La Méningite Infectieuse chez les Enfants de Moins
de 5 Ans en Milieu Hospitalier Bamakois. Health Science and Disease. 2020, 21(10). doi:
10.5281/hsd.v21i10.2346

[10] Nhantumbo AA, Cantarelli VV, Caireão J, et al. Frequency of Pathogenic Paediatric Bacterial
Meningitis in Mozambique: The Critical Role of Multiplex Real-Time Polymerase Chain Reaction to
Estimate the Burden of Disease. Griffiths UK, ed. PLOS ONE. 2015, 10(9): e0138249.
https://doi.org/10.1371/journal.pone.0138249
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