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Abstract: Background: Dengue virus (DENV) infection poses a serious yet underaddressed public health 
challenge in many tropical and subtropical regions worldwide. The epidemiology of DENV in Ghana is not well 
understood despite heightened risks due to suitable climatic conditions and the presence of competent vectors. 
Aim: We aimed to systematically review studies reporting dengue virus seroprevalence in Ghana and pool 
estimates through meta-analysis. Methods: PRISMA guidelines were followed to search the literature using 
PubMed, Web of Science, and Scopus databases from inception to September 24, 2024. Studies presenting 
primary DENV seroprevalence data among Ghanaian populations were included. Quality was assessed using 
JBI tools. Meta-analyses estimated pooled prevalence with 95% CIs using random-effects models. Heterogeneity 
was evaluated using I2 statistic. Results: A total of 9 studies met the selection criteria, with 8 studies involving 
febrile patients and 1 involving blood donors. The pooled seroprevalence rates were 33% (95% CI: 16–50%) for 
IgG, 6% (95% CI: 0–12%) for IgM, 2% (95% CI: 0–3%) for DENV RNA, and 32% (95% CI: 0–68%) for IgG/IgM 
combined. Notably, the IgG seroprevalence exhibited substantial heterogeneity (I2=99%). DENV-2 and DENV-3 
were the predominant serotypes identified. Conclusion: This review established the prevalence and circulation 
of DENV in serogroups in Ghana. Higher seropositivity and heterogeneity underscore the need for standardized 
large-scale surveillance to optimize disease characterization and guide control. Integrating dengue prevention 
into existing vector control programs could help reduce risks in Ghana. 
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1. Introduction 
Dengue virus (DENV) is one of the fastest-spreading mosquito-borne viruses worldwide. DENV 

infection is caused by any of the four DENV serotypes (DENV-1 to DENV-4) and presents a 
significant public health challenge in tropical and subtropical areas [1]. Clinically, DENV infection 
varies from asymptomatic cases to mild fever, and in severe cases, it can become life-threatening. 
Early symptoms include high fever, severe headaches, pain behind the eyes, muscle and joint pain, 
nausea, vomiting, skin rash, and minor bleeding [2]. In more severe cases, the disease can progress 
to a critical phase with increased capillary permeability and plasma leakage, leading to hypovolemic 
shock [3]. Without timely treatment, complications such as organ failure, severe bleeding, and 
circulatory collapse can occur, often resulting in death [4]. Dengue remains a leading cause of 
hospitalization and death in both children and adults in endemic regions [5]. 

The virus is transmitted primarily by Aedes aegypti and Aedes albopictus mosquitoes [6]. DENV 
transmission is expanding due to rising global temperatures and increased urbanization, leading to 
significant health, social, and economic impacts [7]. The World Health Organization (WHO) estimates 
that there are approximately 390 million infections annually, with over 3.9 billion people in more than 
100 countries at risk [2]. By the end of April 2024, the WHO had recorded approximately 7.6 million 
cases of dengue fever thus far in 2024, with over 3.4 million clinically confirmed infections, 16,000 
severe cases, and fatalities surpassing 3,000 [8]. 

Latin American and Asian countries are experiencing hyperendemic transmission with frequent 
outbreaks [9,10]. In Africa, dengue has historically been underreported compared with other regions, 
but in the past two decades, cases have sharply increased, particularly in West and Central Africa, 
indicating that the true burden of the disease may be underestimated [11]. In Ghana specifically, 
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studies indicate established transmission, yet an accurate nationwide epidemiological profile remains 
unclear. Situated in the tropical coastal West Africa belt and experiencing intense urban growth, the 
country meets many requisite conditions for indigenous DENV circulation and outbreaks. While 
Ghana is on the fringes of the WHOʹs DENV endemic map, some regional hospital-based studies 
provide serological evidence of previous exposure in healthy individuals as well as acute febrile 
patients [12,13]. However, the nationwide seroprevalence is undefined, and the full spectrum of 
disease remains unclear because of the absence of systematic entomological and virological 
surveillance. The lack of detailed characterization poses challenges for effective prevention. This 
underscores the rationale for conducting an extensive review of all available evidence. This review 
aims to provide a comprehensive synthesis of the pooled prevalence of DENV infection markers—
including DENV-specific IgG, IgM, and DENV RNA, as well as circulating serotypes—in Ghana to 
facilitate well-informed public health response planning. 

2. Materials and Methods 
This review was conducted following the Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) guidelines [14] to ensure a rigorous and transparent methodology. 

2.1. Information sources and search strategy 
Three databases (PubMed, Web of Science, and Scopus) were searched for relevant publications 

up to September 24, 2024. The following search terms were used in various combinations: (ʺDengue 
virusʺ OR ʺDENVʺ OR ʺDengue feverʺ) AND (ʺGhanaʺ) AND (ʺEpidemiologyʺ OR ʺSeroprevalenceʺ 
OR ʺDiagnosisʺ OR ʺSurveillanceʺ OR ʺCase reportʺ OR ʺOutbreakʺ). Additional studies were 
identified through manual searches of references from eligible articles and relevant reviews on 
dengue in Africa. No restrictions were placed on the study design or sample size. The relevant articles 
were imported into Mendeley Reference Manager Version 2.122.1 for processing and organization. 

2.2. Study selection and data extraction 
All records obtained from searches were imported into Rayyan software [15]. Two reviewers 

independently screened the records according to predefined eligibility criteria. Specifically, the 
relevance of each study for investigating dengue virus epidemiology in Ghana through the detection 
of biological markers was assessed. Potentially eligible full texts were retrieved and evaluated. A 
standardized data extraction form was developed in Microsoft Excel and pilot tested on three 
randomly selected studies before finalizing. The following characteristics were extracted from the 
included studies by one reviewer and verified by another: 

1. Author and year of publication 
2. Study design (e.g., cross-sectional, case‒control) 
3. Study setting and period 
4. Study population and inclusion/exclusion criteria 
5. Sample size 
6. Dengue diagnostic tests used (e.g., IgM ELISA, IgG ELISA, RT‒PCR) 
7. Main outcome variables (e.g., IgG seroprevalence, IgM seroprevalence, and DENV RNA 

detection) 
8. Dengue virus serotypes identified 
Any discrepancies in the extracted data between reviewers were resolved by reexamining the 

original text. Incomplete or unreported information was documented accordingly. The extracted data 
were compiled into evidence tables for analysis and visualization of key parameters across studies. 
This standardized methodology ensured accurate extraction of relevant details to address the review 
objectives. 

2.3. Inclusion criteria 
The following inclusion criteria were applied during the study selection process: 
1. Primary research studies have been conducted among humans in Ghana. 
2. Studies employing serological and/or molecular techniques to detect dengue virus 

immunoglobulins (IgG and IgM) and/or RNA. 
3. No date restrictions were placed on the included studies. 
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4. Studies providing key details on methodology, study characteristics (design, location, 
population), diagnostic methods used and main findings. 

5. Studies from all geographical regions and population groups across Ghana. 

2.4. Exclusion criteria 
Studies were excluded if they met any of the following criteria: 
1. Review articles, systematic reviews, meta-analyses, case reports, opinion pieces, letters, and 

conference abstracts - as these do not report primary research. 
2. Studies conducted outside Ghana or not among human populations. 
3. Studies detecting antibodies or antigens of pathogens other than dengue virus. 
4. Studies focusing only on vector surveillance or reporting vector indices without dengue virus 

detection. 
5. Studies with incomplete/insufficient methodological information to assess quality and extract 

relevant data. 
6. Studies published in languages other than English. 
These clear inclusion and exclusion criteria helped obtain a focused set of studies relevant to the 

objectives of the review. 

2.5. Quality assessment 
Study quality was assessed using the Joanna Briggs Institute (JBI) Critical Appraisal tool relevant 

for cohort, cross-sectional and case‒control study designs [16]. A customized nine-item checklist was 
used to examine methodological domains: 

1. Was the sample frame appropriate to address the target population? 
2. Were study participants sampled appropriately? 
3. Was the sample size adequate? 
4. Were the study subjects and setting described in detail? 
5. Was data analysis sufficiently comprehensive of the identified sample? 
6. Were valid methods used for condition identification? 
7. Was the condition measured reliably for all participants? 
8. Was statistical analysis appropriate? 
9. Was the response rate adequate, and if not, was this managed appropriately? 
Each item was scored ʺ1ʺ if adequately met and ʺ0ʺ if unreported or poorly described. The 

maximum quality score was 9. Studies scoring ≥7 points were considered ̋ highʺ quality, those scoring 
4--6 points were considered ʺmoderateʺ, and those scoring <4 points were considered ʺlowʺ. The 
quality assessment was independently conducted by two reviewers, with a third reviewer resolving 
any discrepancies. 

2.6. Statistical analysis 
The meta-analyses were performed using R software version 4.2.1 and applicable R packages. 

Specifically, the metafor package was used to conduct all the analyses. Random effects meta-analyses 
generated pooled proportions with 95% confidence intervals (CIs) for dengue IgM, IgG, and RNA 
detection and combined IgG/IgM results. Heterogeneity was assessed via the I2 statistic, with values 
greater than 50% indicating moderate to high heterogeneity. Forest plots graphically display 
prevalence outcomes with study-specific CIs and pooled estimates. Publication bias was evaluated 
using funnel plots. 

3. Results 
3.1. Search results 

The database searches (PubMed, Scopus, and Web of Science) yielded 152 publications. An 
additional 10 studies were identified through manual techniques and reference screening, totaling 
162. After 90 duplicate reports were removed, 72 studies underwent title/abstract review. Most (n=53) 
did not meet the criteria and were excluded at this stage. The remaining 19 patients underwent full-
text assessment; 10 were excluded for the following reasons: 
1. Study setting not specified (n=1) 
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2. Other pathogens/vectors studied (n=7) 
3. Unable to access the full text (n=2) 

Finally, 9 studies [12,13,17–23] met all eligibility criteria and were included in the review. Any 
discrepancies in study selection between reviewers were resolved via discussion until consensus was 
reached. The overall selection process is summarized in a PRISMA flow diagram (Figure 1). 

 
Figure 1. PRISMA flow diagram showing the study selection process. 

3.2. Study characteristics 
The detailed study characteristics are provided in Table S1. Six studies utilized a cross-sectional 

design [13,17,18,21–23], one was a case study [19], and two did not specify the design [12,20]. Two 
identified infections during outbreaks [20,22], whereas seven detected infections outside of outbreaks 
[12,13,17–19,21,23]. All were clinical-based. Five studies used both RT‒PCR and ELISA 
[12,13,20,21,23], one used both RDT and ELISA [17], two used only RT‒PCR [18,19], and one used 
ELISA alone [22]. Seven studies detected IgG [12,13,17,20–23], five detected IgM [12,17,20,21,23], three 
detected RNA [18–20], and three detected IgG/IgM [17,20,21]. Three studies identified DENV-2 [18–
20], and one identified DENV-3 [20]. The target populations included patients aged 6 months to 82 
years with suspected yellow fever [23]; children aged 2–14 years with confirmed malaria [12]; patients 
with fever and jaundice [22]; healthy blood donors [13]; suspected dengue and/or chikungunya fever 
patients [21]; patients suspected of Ebola virus disease [20]; suspected viral hemorrhagic fever cases 
[19]; children aged 1–15 years presenting with fever [18]; and adults aged ≥18 years with fever and 
three malaria-like symptoms [17]. 

3.3. Pool prevalence of dengue virus in Ghana 
A random effects meta-analysis evaluated the pooled prevalence of dengue virus infection in 

Ghana. For IgM, the analysis estimated a pooled prevalence of 6% (95% CI: 0–12%), with high 
heterogeneity (I2=88%, p<0.01) (Figure 2), indicating relatively low recent infection rates at the 
population level. The pooled IgG incidence was greater at 33% (95% CI: 16–50%), again with 
significant heterogeneity (I2=99%, p<0.01) (Figure 3), revealing extensive past exposures in Ghana. 
The detection of DENV RNA by PCR revealed a pooled prevalence of 2% (95% CI: 0–3%), with no 
heterogeneity (Figure 4), which is consistent with the low current viremic phase. Studies reporting 
combined IgG/IgM prevalence estimated a pooled 32% (95% CI: 0–68%), with substantial 
heterogeneity (Figure 5). 
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Figure 2. Dengue virus IgM prevalence 

 
Figure 3. Dengue virus IgG prevalence 

 
Figure 4. Dengue virus RNA prevalence 

 
Figure 5. Dengue virus IgG/IgM prevalence 

3.4. Risk of bias 
The quality of the included studies was assessed via the Joanna Briggs Institute (JBI) critical 

appraisal tool. The nine-item risk of bias checklist scores are presented in Table S2. 
Most studies (n=6) [13,17–19,21,23] achieved a ʹ100%ʹ rating, indicating a low risk of bias, as they 

adequately reported sample frames, sampling methods, sample sizes, settings/subjects, data analysis 
coverage, diagnostic validity, condition measurement, and statistical analysis. Two studies with 
scores of ʹ88.9%ʹ were considered to have a high risk of bias because of inadequate sampling and 
setting descriptions [12,20]. One study scored ʹ88.9%ʹ with an unclear risk of bias because of a lack of 
detail on the statistical methods used [22]. Overall, the included studies were high quality, with clear 
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reporting of methodological domains, enhancing confidence in their findings on dengue virus 
infection patterns in Ghana. 

4. Discussion 
This meta-analysis provides valuable insights into the epidemiology of dengue virus infection 

in Ghana. The estimated overall IgG seroprevalence was 33%, indicating widespread exposure to 
DENV in the population. However, there was significant heterogeneity (I2=99%), indicating that the 
prevalence differed depending on location, time period or other study characteristics. This 
underscores the need for further standardized surveillance across diverse regions. Our results are 
better than those of other meta-analyses. For example, our IgG seroprevalence is greater than the 21% 
IgG prevalence reported in Ethiopia [24], the 15.6% reported in a 2019 meta-analysis in Africa [25], a 
2021 meta-analysis in Africa, which reported 14% [26], the reported 25% in sub-Saharan Africa [27], 
but lower than the 38.3% reported in a meta-analysis in India [28]. 

We found a pooled IgM prevalence of only 6% and 2% DENV RNA detection, suggesting that 
current infection rates may be relatively low. The relatively low pooled estimate suggests that a small 
proportion of the population has experienced recent/acute infection at any given time. While RNA 
confirmation of acute cases is more standardized, low-test numbers may underestimate true burdens. 
However, the high heterogeneity (I2=88%) indicates considerable variability between studies, which 
could be due to factors such as seasonality of outbreaks or regional differences in transmission 
intensity. Interestingly, no heterogeneity was observed for the RNA studies despite the limited 
amount of data. This suggests that molecular diagnostic methods may provide more consistent 
estimates than antibody assays, which can be subject to interassay variability [29]. Our findings 
suggest that molecular diagnosis could offer a relatively consistent approach when optimized 
diagnostic algorithms are employed nationally. Notably, the meta-analysis by Simo et al. [25] 
revealed a lower IgM prevalence of 3.5%, and no DENV RNA detection was identified in Africa. 
However, the meta-analysis by Eltom et al. [27] reported a higher IgM prevalence and DENV RNA 
prevalence of 10% and 14%, respectively, in sub-Saharan Africa; similarly, the meta-analysis in 
Ethiopia revealed a higher IgM prevalence of 9% and a pooled DENV-RNA prevalence of 48% [24]. 

The identification of DENV-2 and DENV-3 as the predominant serotypes circulating in Ghana 
provides some important insights but also leaves many unanswered questions. DENV-2 was 
consistently identified across multiple studies from 2011-2018, indicating that it is well established 
locally with ongoing endemic transmission. However, without genetic sequencing data, it is difficult 
to determine whether this represents a stable lineage or repeated reintroductions. The presence of 
DENV-3 confirms that it also maintains local transmission chains, although again, the phylogenetic 
context is lacking. An intriguing finding is that DENV-1 and DENV-4 were not detected, despite 
being common elsewhere, suggesting that vector or environmental factors may limit their spread in 
Ghana for unknown reasons. While DENV-2 and DENV-3 cause a substantial burden globally, their 
propensity to cause severe dengue versus milder outcomes varies substantially by region due to 
factors such as population-level immunity and socioeconomics [26,30]. Vietnam studies reported 
significant urban‒rural and regional differences, with prevalence gradients decreasing from densely 
populated south-central localities towards forested highlands, corroborating landscape influences on 
vector dynamics [31,32]. Similarly, a study in Brazil reported higher exposure burdens in Amazonian 
municipalities than in non-Amazonian municipalities, which was attributed to ecological factors 
affecting mosquito proliferation [33]. To obtain a clearer picture of serotype dynamics, expanded 
sentinel surveillance with annual whole-genome sequencing is needed from multiple urban and rural 
sites. This could track whether strains are persistent over decades or periodically displaced by new 
introductions, with implications for developing adaptive control programs. Further serotyping of 
symptomatic versus asymptomatic infections may also provide clues about changes in virulence. 

RT‒PCR, ELISA and combination methods are established approaches for dengue virus 
detection. RT‒PCR enables sensitive molecular confirmation of acute infection, but its availability is 
often limited to well-resourced laboratories. ELISA serology provides broader exposure assessment 
over the lifetime, but reliability depends heavily on the antigen/antibody kits employed between 
settings [34]. Inconsistencies in standardizing methods, cut-offs and timing of specimen collection 
complicated efforts to meaningfully aggregate findings. Moving forward, national guidelines 
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standardizing the serial use of both modalities according to accepted algorithms will optimize disease 
phase resolution critical for guiding clinical management and surveillance goals. 

Limitations and recommendation 
The studies included in our review targeted a range of population cohorts to gain insights into 

dengue virus infection in Ghana. As the majority of the included studies were hospital-based and 
involved acute fever patients, the prevalence estimates may overestimate the “true” community 
burden. Hospital-based studies provide a useful starting point for detecting clinical cases, but their 
populations are biased toward individuals able and willing to seek healthcare, precluding measuring 
the true prevalence across communities, particularly for mild/asymptomatic cases. The inclusion of 
apparently healthy blood donors offered an alternative perspective, but the generalizability of these 
convenience samples to the whole country is questionable. In the future, well-designed population-
level serosurveys sampling all age groups are needed for more accurate risk profiling. This allows us 
to stratify analyses by demographics and local risk factors. 

5. Conclusions 
This review established the prevalence of DENV and the circulation of different serogroups in 

Ghana. The increased seropositivity and heterogeneity of DENV strains underscore the need for 
standardized, large-scale surveillance to optimize the characterization of the disease and guide 
appropriate control measures. Integrating dengue prevention strategies into existing vector control 
programs in Ghana could help reduce the risks posed by this disease. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org. 
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