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Abstract
Viral meningitis is a significant yet often underreported public health concern in Sub-Saharan Africa (SSA), where 
diagnostic limitations and surveillance gaps hinder accurate case detection. This systematic review examines 
epidemiological trends, etiologies, and laboratory diagnostic approaches to viral meningitis across SSA from 
1987 to 2024. This data reveal that the prevalence of viral meningitis has shown an overall increasing trend, 
with a considerable year-to-year variability influenced by seasonal outbreaks, improved diagnostic methods, and 
enhanced surveillance efforts. Human enteroviruses (HEVs) were the most frequently identified causative agents, 
accounting for 1,164 confirmed cases, followed by the herpesvirus family, including Epstein-Barr virus (EBV) and 
cytomegalovirus (CMV). Other detected viral pathogens include mumps virus, adenoviruses, coxsackievirus, and 
arboviruses such as dengue virus. The shift from traditional viral cultures to polymerase chain reaction (PCR) and 
multiplex PCR has significantly improved the case detection. Despite these advancements, substantial gaps remain 
in diagnostic accessibility, surveillance systems, and less research focus on viral meningitis in SSA. Addressing these 
challenges through improved surveillance, enhanced diagnostic capacity, and targeted public health strategies is 
crucial for mitigating the burden of viral meningitis in the region.

Key findings
• The prevalence of viral meningitis in SSA has shown an increasing trend, driven by improved diagnostic methods 
and seasonal outbreaks.
• Human enteroviruses (HEVs) are the predominant causative agents, followed by herpesviruses (EBV, CMV) and 
mumps virus.
• The shift from traditional viral cultures to PCR and multiplex PCR has significantly improved case detection, 
though diagnostic accessibility remains limited in many regions.
• There is a critical need for enhanced surveillance, diagnostic capacity, and public health strategies to address the 
burden of viral meningitis in SSA.
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Introduction
Meningitis remains a significant public health concern 
in Africa, particularly in Sub-Saharan Africa (SSA), with 
recurrent outbreaks, and high morbidity and mortal-
ity rates [1]. The region, known as the meningitis belt, 
stretched across Senegal from the west to Ethiopia in the 
east, is hit with seasonal epidemics of meningitis, pre-
dominantly caused by bacterial [1], and viral pathogens 
[2]. A significant progress has been made in reducing 
the meningitis-associated mortality, especially bacterial 
meningitis, over the past three decades [3], including the 
MenAfriVac [4]. The surveillance, outbreak investiga-
tions, and clinical management of meningitis rely heav-
ily on laboratory confirmation of meningitis-associated 
bacterial pathogens. However, viral meningitis is often 
underreported in SSA due to limited diagnostic capacity 
and inadequate surveillance infrastructure [5]. Despite 
receiving less attention, viral meningitis has a high asso-
ciated mortality rate, reaching up to 38% [6], and up to 
54% in cases with HIVco-infection [7]. Given the high 
prevalence of HIV in SSA, it is crucial to consider its role 
in increasing susceptibility to viral meningitis [8].

The human enteroviruses (HEVs), herpes viruses 
(HHV), arboviruses (mainly the dengue virus), and the 
mumps virus are among the common viral etiologies of 
meningitis, posing significant diagnostic and clinical 
challenges in SSA [9–12]. Furthermore, environmental 
and socio-economic factors, including climate change, 
population displacement, and healthcare accessibility, 
continue to influence the epidemiology of viral meningi-
tis in the region [13, 14].

The advancements in the laboratory diagnostics, par-
ticularly the shift from time-consuming viral cultures [15, 
16] to polymerase chain reaction (PCR) [12], and multi-
plex PCR [17–19], have revolutionized viral meningitis 
detection. Multiplex PCR enables simultaneous, highly 
sensitive, and specific pathogen detection, reducing turn-
around times and improving detection rates allowing 
timely interventions, better outbreak management, and 
enhanced public health strategies to combat viral menin-
gitis in Africa and beyond [20].

We therefore present this review to explore the epide-
miological trends of viral meningitis in SSA, as reflected 
in the available literatures [4, 6, 7, 9–12, 15–19, 21–29], 

analyzing its prevalence, etiologies, and laboratory diag-
nostic approaches over years. Understanding these 
aspects is crucial for guiding public health interventions 
and enhancing meningitis surveillance and response 
strategies in the region [19, 22, 24].

Methods
This review synthesizes evidence on the epidemiology, 
etiologies, and diagnostic approaches for viral menin-
gitis in SSA. All African countries were included except 
Algeria, Egypt, Morocco, and Tunisia, as per The World 
Academy of Sciences (TWAS) classification [30]. A com-
prehensive and systematic search was conducted using 
PubMed, Science Direct, Web of science electronic data 
bases, and Google Scholar search engines, with key terms 
including ‘meningitis,’ ‘viral meningitis,’ and individual 
SSA country names.

The search, unrestricted by publication date, priori-
tized studies on prevalence, causative agents, and labora-
tory diagnostics. Primary research studies were included, 
and data were extracted and organized into thematic cat-
egories using Microsoft Excel. Findings were narratively 
synthesized to provide an overview on the prevalence 
of viral meningitis in SSA, highlighting the etiologies by 
countries, and advancements in laboratory diagnosis.

Besides the narrative synthesis, this review also used 
visual aids such as tables, bar charts, and line graphs to 
summarize key data points and trends. These visualiza-
tions help highlight patterns, relationships, and varia-
tions in the data, making complex information more 
accessible. Additionally, R² values are included in the 
graphs where applicable, providing statistical evidence of 
the strength and direction of correlations over time.

Considering the broadness of the topic, flexibility, 
and contextual richness, and the heterogeneity of stud-
ies, (Zero prevalence in Guinea [26] vs.52 to 56.7% in 
South Africa [17]and Malawi [7]), and the use of different 
diagnostic approaches; we prefer a systematic narrative 
review over meta-analysis [31]. Our review interest is to 
provide highlight on the prevalence and patterns of viral 
meningitis over time, commonest etiologies by coun-
try, and conceive laboratory advancements and focus of 
researches in the resources constrained region, SSA.

Key bullet points
Viral meningitis is a significant yet underreported public health issue in Sub-Saharan Africa (SSA), where 
diagnostic limitations and surveillance gaps hinder accurate case detection. Thus, this systematic review 
examines the epidemiological trends, etiologies, and diagnostic approaches for viral meningitis in SSA 
from 1987 to 2024, aiming to highlight the prevalence, causative agents, and advancements in laboratory 
diagnostics.
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17 of the 21 included studies focused on children. The 
above table shows the patterns where HEVs target chil-
dren, and the pediatric focus of most research with a pos-
sibility underestimation of the adult burden in high-HIV 
settings.

Results
The figure likely maps out the distribution of viral men-
ingitis cases across different SSA countries, and the 
variation in cases among countries could highlight dis-
parities in healthcare accessibility, diagnostic capacities, 
and research priorities. We believe that the regions with 
fewer reported cases might not necessarily have lower 
disease burdens but rather insufficient diagnostic or and 
reporting mechanisms (Fig. 1).

The below figure is likely to display the increasing trend 
of detection and reporting of viral meningitis cases over 
time. R-squared value (R²) is used to see how well the 
data fits a regression model. A higher R² value (closer to 

1) would indicate a strong correlation between improved 
diagnostic capacity and increased case detection (A&B), 
while a lower R² suggests more variability due to external 
factors like inconsistent surveillance or underreporting 
(C). Overall, we can appreciate the rise in case identifi-
cation due to improvements in diagnostic techniques, 
particularly the adoption of PCR and multiplex PCR in 
recent years (Fig. 2).

Overall, there were 1,794 viral meningitis cases 
reported in SSA, with HEV has been the dominant viral 
pathogen with 1,164 cases (65%), highlighting its signifi-
cant burden in the region, followed by HHV family with 
353 cases (19.7%), 161 EBV, 57 CMV, and 51 HHV6, 
and Mumps virus with 136 cases (7.6%). Other notable 
viruses also reported in the region, including Adenovirus 
and Coxsackievirus (each with 42 cases), and Rabies virus 
with 14 cases. The less frequent but important patho-
gens include the echovirus (10 cases) and the arbovirus, 
dengue (9 cases). This emphasizes the diversity of viral 

Table 1  Characteristics of reviewed studies: prevalence, etiology, and laboratory diagnosis of viral meningitis in SSA, 1987–2024
Author Country Year 

published
Prevalence % 
(n/N)

Etiologies Lab diagnosis Age group

Donald et al. [15] South Africa 1987 8.8(108/1223) Not specified viral culture children /< 13 years
Donald et al. [16] South Africa 1996 13.5(395/2920) HEVs, Mumps, Coxsackie, Echovirus, VZV, 

CMV, Herpesvirus hominis (HVH)
viral culture children /< 13 years

Pelkonen et al. [19] Angola 2012 3(4/142) HEVs, and Rhinovirus CSF PCR Children
Kelly et al. [7] Malawi 2012 56.7(99/188) HSV1, EBV, CMV CSF PCR Adults
Pelkonen et al. [23] Angola 2013 26(10/38) VZV, EBV, HHV7, HHV6A, HHV6B, CMV PCR Children
Benjamin et al. [21] Malawi 2013 32(17/53) HSV1, EBV, CMV CSF PCR Adults
Mallewa et al. [22] Malawi 2013 26(133/513) Adenovirus, CMV, HEV, HSV1, HHV6, 

Mumps, Rabies, EBV, Parvovirus, and HHV 
7, and others

CSF PCR Children/2 
months-15 years

Laman et al. [24] Guinea 2014 14(42/300) HEV, HSV1, CMV, HHV6, HHV7, Dengue nested PCR Children/2 months 
− 10 years

Thinyane et al. [6] Lesotho 2015 18(10/56) negative for Gram stain, culture, and 
antigenic tests

lymphocyte 
predominance

Adults

Khumalo et al. [19] South Africa 2017 32.2(94/292) HEVs and Mumps multiplex 
RT- PCR

Children/2 
months-12 years

Page et al. [25] Uganda 2017 5.9(27/459) HHV6,VZV, Mumps, CMV, HEV CSF PCR Children/2 
months-12 years

Barnes et al. [18] Ethiopia 2018 5.6(12/213) CMV, HEV, HSV1,HSV2, HHV6, Parechovirus, 
VZV

Multiplex PCR All

Adjei et al. [26] Ghana 2018 0(0/80) HEVs, Mumps, HSV checked Real-time PCR Adults
Kwambana et al. [4] West Africa # 2020 5.6(40/711) Parvovirus19, Dengue, CMV, EBV, HEV, 

HHV6, Mumps
TaqMan Array 
Card/RT PCR

Children /<5 years

Geteneh et al. [10] Ethiopia 2021 12.8(11/86) HEV conventional 
RT-PCR

All

Wami et al. [11] Ethiopia 2021 26.7(39/146) HEV conventional 
RT-PCR

All

Nkosi et al.[27] South Africa 2021 21.2(742/3497) HEVs CSF PCR All
Fourgeaud et al. 
[12]

Comoros 2022 11.5(14/122) HEV, and Parechovirus CSF PCR Children and adults

Abdelrahim et al. 
[28], [29]

Sudan 2022 3.4(17/503) HSV1, Non-polio HEV, HHV6 CSF real-time 
PCR

Children /<15 years

Moleleki et al. [17] South Africa 2024 52(98/188) EBV, HHV7, HSV1, HSV2, HEV multiplex PCR All
#Senegal, Ghana, Togo, Nigeria, and Niger



Page 4 of 7Geteneh et al. Virology Journal          (2025) 22:100 

Fig. 2  Trend of viral meningitis by years of publications, 1987–2024

 

Fig. 1  Country-specific distribution of viral meningitis cases in SSA
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etiologies, and the need for targeted prevention and con-
trol measures (Table 2).

Discussion
There has been variability in the prevalence and etiolo-
gies of viral meningitis across SSA. The high prevalence 
observed in South Africa, Malawi, Ethiopia, and Guinea 
may be influenced not only by epidemiological and envi-
ronmental factors but also by the advancements in the 
diagnostic capacity, and research priorities in each coun-
try [32]. South Africa’s high detection rate (1,329/1,794 
cases) may aligns with its advancement in labora-
tory diagnosis from viral culture [16] to multiplex PCR 
[17], and it might be associated with their surveillance 
system(the Group for Enteric, Respiratory and Meningeal 
Disease Surveillance in South Africa (GERMS-SA [33]). 
Malawi’s diverse infections (EBV, adenovirus, rabies) 
could be a suggestive evidence of its expanding surveil-
lance, and implementation of zoonotic research [34, 35]. 
To the best of our knowledge; Ethiopia is not known for 
having a dedicated virology laboratory, but the detection 

and HEV dominance (52/62 cases) reflect its emerging 
focus on and recognition of viral meningitis [11, 18].

This review also highlights the considerable emergence 
of HEVs as the dominant etiologic agents of viral men-
ingitis across multiple studies [11, 16, 27]. The herpes 
virus family, particularly EBV [7, 17] and CMV [7, 22, 24], 
follows closely, with mumps virus [16] also contributing 
significantly. The less frequently occurred dengue could 
be a critical issue in SSA due to climate change favoring 
mosquito spread [36], rapid urbanization, limited health-
care infrastructure, low population immunity, and the 
region’s existing burden of other mosquito-borne dis-
eases [13, 36]. However, the current etiological profiles of 
viral meningitis in SSA underestimate arboviral causes, 
as most diagnostic algorithms omit these endemic patho-
gens, with only two exceptions [4, 24]. Thus, our review 
findings stress the critical need for enhanced laboratory 
diagnostics to improve case identification and public 
health responses. The age stratification revealed children 
(< 15 years) dominated enterovirus (HEV) cases (e.g., 
1081/1,329 cases in South Africa [16, 17, 19, 27], and 
52/62 pediatric cases in Ethiopia [10, 11, 18]) and HSV-6 
detection (13/17 cases in Sudan [28, 29]), while adults 
showed higher HIV-associated mortality (54% vs. 38%)7 
and EBV predominance (103/249 cases in Malawi) [7, 
21].

The transition from viral culture methods [15, 16] to 
PCR-based techniques, including multiplex PCR [17, 
19], has revolutionized the detection of viral pathogens. 
While PCR enhances sensitivity and specificity compared 
to cultures, its impact on clinical outcomes depends on 
timely treatment initiation [37, 38], and its accessibility 
remains limited in low-resource settings could obscured 
the true epidemiological scale [39] of viral meningitis. 
Furthermore, while PCR represents a major advance-
ment, it remains unable to detect novel or unexpected 
viruses; a gap that could be addressed by Next-Genera-
tion Sequencing (NGS). Despite its potential to revo-
lutionize pathogen discovery, NGS remains critically 
underutilized in SSA due to cost and infrastructure bar-
riers, highlighting an urgent need for investment in NGS 
capacity to address remaining diagnostic gaps in viral 
meningitis surveillance [40, 41].

Regardless of the advancement in laboratory diag-
nosis, Africa still lags behind toward establishing an 
integrated, comprehensive, and sustainable surveil-
lance [42]. In 2014, the MenAfriNet consortium effec-
tively implemented case-based meningitis surveillance 
across five countries in the meningitis belt: Burkina Faso, 
Chad, Mali, Niger, and Togo [43], and this initiative has 
to be more inclusive for other SSA countries, and has 
to take lessons from pandemics like COVID-19 [39, 43]. 
Despite the progress, we believe there are still substantial 
research gaps in understanding the full spectrum of viral 

Table 2  Country–wise etiologies of viral meningitis
Country Con-

firmed 
cases

Etiologies

Angola 14 VZV(n = 1), EBV(n = 5), HHV7(n = 3), HHV6(n = 2), 
CMV(n = 2) HEV(n = 3), and rhinovirus(n = 1)

Comoros 14 HEV(n = 13), and Parechovirus(n = 1)
Ethiopia 62 HEV(= 52), HHV6(n = 5), HSV1(n = 3), 

HSV2(n = 1), VZV(n = 1)
Guinea 42 CMV(n = 16), HHV7(n = 10), HHV6 (n = 8), Den-

gue (n = 3), HEV(n = 1),HSV1 (n = 1), HH6/HSV1 
(= n = 1), HHV7/HSV1 (n = 1), HHV7/CMV(n = 1)

Malawi 249 EBV(n = 103), Adenovirus(n = 42), 
Mumps(n = 29), CMV(n = 25), Rabies (n = 14), 
HSV1(n = 13), HEV(n = 8), HHV6(n = 8), 
Parvovirus(n = 5) and others(n = 2)

South Africa 1,329 HEV(n = 1081), Mumps (n = 101), EBV(49), 
Coxsackie (n = 42), HHV7(n = 22), HSV1(13), 
Echovirus(n = 10), HSV2(n = 8) and others(n = 3)

Sudan 17 HHV6 (n = 13), HSV1 (n = 2), Non-polio HEV 
(n = 2)

Uganda 27 HHV6(n = 11), CMV(n = 9), mumps(n = 4), 
VZV(n = 2), HEV(n = 1)

West Africa 40 Parvovirus19 (n = 12), Dengue(n = 6), 
CMV(n = 5), EBV(n = 4), HEV(n = 3), HHV6 (n = 3), 
Mumps (n = 2), and HIV(n = 5)

Total 
confirmed 
isolates in 
SSA

1,794 HEV(n = 1,164), HHV (n = 353), EBV (n = 161), 
CMV(n = 57), HHV6 (n = 51), HHV7(n = 37), 
HSV1(n = 34), HSV2(n = 9), and 4 VZV(n = 4), 
Mumps(n = 136), Adenovirus(n = 42), 
Coxsackievirus(n = 42), Parvovirus(n = 17), 
Rabies(n = 14), Echovirus(n = 10), and 
Dengue(n = 9)

The HEV accounts for nearly of all isolates, followed by HHV family 19.7% 
(n = 353/1,794), and mumps 7.6% (n = 136/1,794)
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meningitis in SSA. These gaps include limited data on 
disease burden, underutilization of advanced diagnostics 
[5, 6], and insufficient surveillance system [42]. Existing 
frameworks, such as the WHO’s Global Meningitis Ini-
tiative and the MenAfriNet consortium, is known to suc-
cessfully strengthened bacterial meningitis surveillance 
[45, 46] but remain limited in monitoring viral patho-
gens. Thus, it is very crucial to expand these programs to 
include viral meningitis. Therefore, future studies should 
focus on expanding molecular diagnostic capabilities, 
and strengthening surveillance networks.

While some studies [17, 18] used advanced molecu-
lar methods like multiplex PCR for multiple pathogens 
detection, none implemented (NGS or Sanger) or a cul-
ture to sequencing cascade. The reliance on standalone 
methods (viral culture, PCR, or multiplex PCR) may 
underscore a critical gap in confirmatory diagnostics. 
Thus future studies should integrate stepwise diagnostic 
workflows (culture → PCR → sequencing) to improve 
unexpected pathogen detection and surveillance in Sub-
Saharan Africa.

Acknowledgements
Not applicable.

Author contributions
AG conceptualized, material preparation, data analysis, methodology, and 
formal analysis and wrote the main manuscript; MK, ET, AT, YG reviewed and 
edited the manuscript. SB reviewed and edited the manuscript; and MAR 
reviewed and edited the manuscript, data curation, and supervision. All the 
authors read and approved the final manuscript.

Funding
This study was carried out as part of our routine work.

Data availability
Data is provided within the manuscript.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Medical Laboratory Science, College of Health Sciences, 
Woldia University, Woldia, Ethiopia
2Department of Medical Laboratory Science, College of Health Sciences, 
Raya University, Maichew, Ethiopia
3Department of Internal Medicine, College of Health Sciences, Woldia 
University, Woldia, Ethiopia
4Department of Medical Microbiology, School of Biomedical and 
Laboratory Sciences, College of Medicine and Health Sciences, University 
of Gondar, Gondar, Ethiopia

Received: 14 March 2025 / Accepted: 9 April 2025

References
1.	 Mazamay S, Guégan JF, Diallo N, Bompangue D, Bokabo E, Muyembe JJ, et al. 

An overview of bacterial meningitis epidemics in Africa from 1928 to 2018 
with a focus on epidemics outside-the-belt. BMC Infect Dis. 2021;21(1):1027.

2.	 McEntire CRS, Anand P, Cervantes-Arslanian AM. Neuroinfectious Disease 
Emergencies Neurologic Clin. 2021;39(2):565–88.

3.	 Global regional, national burden of meningitis and its aetiologies. 1990–2019: 
a systematic analysis for the global burden of disease study 2019. Lancet 
Neurol. 2023;22(8):685–711.

4.	 Kwambana-Adams BA, Liu J, Okoi C, Mwenda JM, Mohammed NI, Tsolenyanu 
E, et al. Etiology of pediatric meningitis in West Africa using molecu-
lar methods in the era of conjugate vaccines against Pneumococcus, 
meningococcus, and haemophilus influenzae type B. Am J Trop Med Hyg. 
2020;103(2):696–703.

5.	 Feagins AR, Ronveaux O, Taha M-K, Caugant DA, Smith V, Fernandez K, et 
al. Next generation rapid diagnostic tests for meningitis diagnosis. J Infect. 
2020;81(5):712–8.

6.	 Thinyane KH, Motsemme KM, Cooper VJ. Clinical presentation, aetiology, and 
outcomes of meningitis in a setting of high HIV and TB prevalence. J Trop 
Med. 2015;2015:423161.

7.	 Kelly MJ, Benjamin LA, Cartwright K, Ajdukiewicz KM, Cohen DB, Menyere M, 
et al. Epstein-barr virus coinfection in cerebrospinal fluid is associated with 
increased mortality in Malawian adults with bacterial meningitis. J Infect Dis. 
2012;205(1):106–10.

8.	 Thinyane KH, Motsemme KM, Cooper VJL. Clinical presentation, aetiology, 
and outcomes of meningitis in a setting of high HIV and TB prevalence. J Trop 
Med. 2015;2015(1):423161.

9.	 Pelkonen T, Roine I, Anjos E, Kaijalainen S, Roivainen M, Peltola H, et al. 
Picornaviruses in cerebrospinal fluid of children with meningitis in Luanda, 
Angola. J Med Virol. 2012;84(7):1080–3.

10.	 Geteneh A, Kassa T, Alemu D, Kiros M, Andualem H, Tenna A, et al. Viral 
etiologies of meningitis in patients with presumed pyogenic meningitis at 
university hospitals in Ethiopia. Infect Drug Resist. 2021;14:1083–8.

11.	 Wami AA, Hundie GB, Ambachew R, Gebreyohannes Berhe Z, Abrha A, 
Abebe W, et al. High rate of human enteroviruses among clinically suspected 
meningitis cases at selected hospitals in addis Ababa, Ethiopia. PLoS ONE. 
2021;16(11):e0258652.

12.	 Fourgeaud J, Mirand A, Demortier J, Kamus L, Collet L, Olivier S et al. Entero-
virus meningitis in Mayotte French Comoros Island, March-June 2019. J Clin 
Virol. 2022;150–1:105154.

13.	 Khezzani B, Baymakova M, Khechekhouche EA, Tsachev I. Global warming 
and mosquito-borne diseases in Africa: a narrative review. Pan Afr Med J. 
2023;44:70.

14.	 Wright CY, Kapwata T, Naidoo N, Asante KP, Arku RE, Cissé G, et al. Climate 
change and human health in Africa in relation to opportunities to strengthen 
mitigating potential and adaptive capacity: strategies to inform an African 
brains trust. Annals Global Health. 2024;90(1):7.

15.	 Donald PR, Burger PJ, Becker WB. Conventional cerebrospinal fluid investiga-
tions in the diagnosis of meningitis. J Trop Pediatr. 1987;33(4):213–6.

16.	 Donald PR, Burger PJ, Becker WB. Paediatric meningitis in the Western cape. A 
3-year hospital-based prospective survey. South African medical jour-
nal = Suid-Afrikaanse Tydskrif vir Geneeskunde. 1996;70(7):391–5.

17.	 Moleleki M, Nel P, Matukane SR, Cloete S, Abrahams Z, Wolter N, et al. 
Enhanced pathogen identification among patients with clinically suspected 
meningitis. South Afr J Infect Dis. 2024;39(1):688.

18.	 Barnes GK, Gudina EK, Berhane M, Abdissa A, Tesfaw G, Abebe G, et al. New 
molecular tools for meningitis diagnostics in Ethiopia - a necessary step 
towards improving antimicrobial prescription. BMC Infect Dis. 2018;18(1):684.

19.	 Khumalo J, Nicol M, Hardie D, Muloiwa R, Mteshana P, Bamford C. Diagnostic 
accuracy of two multiplex real-time polymerase chain reaction assays for the 
diagnosis of meningitis in children in a resource-limited setting. PLoS ONE. 
2017;12(3):e0173948.

20.	 Lewinski MA, Alby K, Babady NE, Butler-Wu SM, Bard JD, Greninger AL, et al. 
Exploring the utility of multiplex infectious disease panel testing for diag-
nosis of infection in different body sites: A joint report of the association for 
molecular pathology, American society for microbiology, infectious diseases 
society of America, and Pan American society for clinical virology. J Mol 
Diagn. 2023;25(12):857–75.

21.	 Benjamin LA, Kelly M, Cohen D, Neuhann F, Galbraith S, Mallewa M, et al. 
Detection of herpes viruses in the cerebrospinal fluid of adults with sus-
pected viral meningitis in Malawi. Infection. 2013;41(1):27–31.



Page 7 of 7Geteneh et al. Virology Journal          (2025) 22:100 

22.	 Mallewa M, Vallely P, Faragher B, Banda D, Klapper P, Mukaka M, et al. Viral CNS 
infections in children from a malaria-endemic area of Malawi: a prospective 
cohort study. Lancet Glob Health. 2013;1(3):e153–60.

23.	 Pelkonen T, Roine I, Anjos E, Maki M, Peltola H, Pitkaranta A. Herpesviruses 
in cerebrospinal fluid of children with meningitis in Luanda, Angola. Acta 
Paediatr (Oslo Norway: 1992). 2013;102(6):e281–3.

24.	 Laman M, Hwaiwhanje I, Bona C, Warrel J, Aipit S, Smith D, et al. Viral 
pathogens in children hospitalized with features of central nervous system 
infection in a malaria-endemic region of Papua new Guinea. BMC Infect Dis. 
2014;14:630.

25.	 Page AL, Boum Ii Y, Kemigisha E, Salez N, Nanjebe D, Langendorf C, et al. Aeti-
ology and outcomes of suspected infections of the central nervous system in 
children in Mbarara, Uganda. Sci Rep. 2017;7(1):2728.

26.	 Adjei EF, Adiku TK, Mawuli G, Bonney JHK. Molecular investigations of viral 
meningitis among HIV-infected adults in Accra, Ghana. BMC Res Notes. 
2018;11(1):615.

27.	 Nkosi N, Preiser W, van Zyl G, Claassen M, Cronje N, Maritz J, et al. Molecular 
characterisation and epidemiology of enterovirus-associated aseptic men-
ingitis in the Western and Eastern cape provinces, South Africa 2018–2019. J 
Clin Virol. 2021;139:104845.

28.	 Abdelrahim NA, Mohamed N, Evander M, Ahlm C, Fadl-Elmula IM. Human 
herpes virus type-6 is associated with central nervous system infections in 
children in Sudan. Afr J Lab Med. 2022;11(1):1718.

29.	 Abdelrahim NA, Mohammed N, Evander M, Ahlm C, Fadl-Elmula IM. Viral 
meningitis in Sudanese children: differentiation, etiology and review of 
literature. Med (Baltim). 2022;101(46):e31588.

30.	 TWAS, Sub-Saharan. African Countries 2025 [Available from: ​h​t​t​p​s​:​​​/​​/​t​w​a​​s​​.​o​r​​​g​/​
s​​​u​b​-​​s​a​​h​a​r​​​a​n​-​​a​f​r​i​​​c​​a​n​-​c​o​u​n​t​r​i​e​s

31.	 Thorne S. Rediscovering the narrative review. Wiley Online Library; 2018. p. 
e12257.

32.	 Ashenafi A, Sule O, Peter T, Mashate S, Otieno O, Kebede A, et al. Diagnostics 
for detection and surveillance of priority epidemic-prone diseases in Africa: 
an assessment of testing capacity and laboratory strengthening needs. Front 
Public Health. 2024;12:1438334.

33.	 Benson F, Musekiwa A, Blumberg L, Rispel L. Comparing laboratory surveil-
lance with the notifiable diseases surveillance system in South Africa. Int J 
Infect Dis. 2017;59:141–7.

34.	 Organization WH. Joint external evaluation of IHR core capacities of the 
Republic of Malawi: mission report: 11–15 February 2019. 2019.

35.	 Chauhan RP, Dessie ZG, Noreddin A, El Zowalaty ME. Systematic Review of 
Important Viral Diseases in Africa in Light of the ‘One Health’ Concept. Patho-
gens (Basel, Switzerland). 2020;9(4).

36.	 Nakase T, Giovanetti M, Obolski U, Lourenço J. Population at risk of dengue 
virus transmission has increased due to coupled climate factors and popula-
tion growth. Commun Earth Environ. 2024;5(1):475.

37.	 Khodaparast M, Sharley D, Marshall S, Beddoe T. Advances in point-of-care 
and molecular techniques to detect waterborne pathogens. Npj Clean Water. 
2024;7(1):74.

38.	 Shin DJ, Andini N, Hsieh K, Yang S, Wang TH. Emerging analytical techniques 
for rapid pathogen identification and susceptibility testing. Annual Rev Anal 
Chem (Palo Alto Calif ). 2019;12(1):41–67.

39.	 Baldeh M, Bawa FK, Bawah FU, Chamai M, Dzabeng F, Jebreel WMA, et al. 
Lessons from the pandemic: new best practices in selecting molecular diag-
nostics for point-of-care testing of infectious diseases in sub-Saharan Africa. 
Expert Rev Mol Diagn. 2024;24(3):153–9.

40.	 Wu Q, Li J, Wang W, Zhou J, Wang D, Fan B, et al. Next-Generation sequenc-
ing reveals four novel viruses associated with calf diarrhea. Viruses. 
2021;13(10):1907.

41.	 McGill F, Tokarz R, Thomson EC, Filipe A, Sameroff S, Jain K, et al. Viral capture 
sequencing detects unexpected viruses in the cerebrospinal fluid of adults 
with meningitis. J Infect. 2022;84(4):499–510.

42.	 Kwambana-Adams BA, Cohen AL, Hampton L, Nhantumbo AA, Heyderman 
RS, Antonio M, et al. Toward Establishing integrated, comprehensive, and 
sustainable meningitis surveillance in Africa to better inform vaccination 
strategies. J Infect Dis. 2021;224(12 Suppl 2):S299–306.

43.	 Mbaeyi SA, Lingani C, Diallo AO, Bicaba B, Ouédraogo-Traoré R, Acyl M, et al. 
Improving case-based meningitis surveillance in 5 countries in the meningi-
tis belt of sub-Saharan Africa, 2015–2017. J Infect Dis. 2019;220(Supplement4
):S155–64.

44.	 Novak RT, Ronveaux O, Bita AF, Aké HF, Lessa FC, Wang X, et al. Future direc-
tions for meningitis surveillance and vaccine evaluation in the meningitis 
belt of sub-Saharan Africa. J Infect Dis. 2019;220(Supplement4):S279–85.

45.	 Organization WH. Investing to defeat meningitis and beyond. World Health 
Organization; 2024.

46.	 Oliveira LM, Prasad N, Lynfield R, Ip M, Sanou S, Neves FP et al. WHO defeat-
ing meningitis symposium, 3rd international symposium on Streptococcus 
agalactiae disease (ISSAD) in Rio de Janeiro, Brazil: State-of-the-art overview 
of S. agalactiae meningitis. Vaccine. 2025;52:126895.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://twas.org/sub-saharan-african-countries
https://twas.org/sub-saharan-african-countries

	﻿Viral meningitis in Sub-Saharan Africa: trends in prevalence, etiologies, and diagnostic approaches
	﻿Abstract
	﻿Key findings
	﻿Key bullet points
	﻿Introduction
	﻿Methods
	﻿Results
	﻿Discussion
	﻿References


