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Abstract
Background

Arbovirus infection outbreaks are becoming more common in Africa. However, it is still di�cult and
crucial to better understand arbovirus transmission patterns, disease trends, and burdens. The
epidemiology of these infections—dengue virus (DENV), Zika virus (ZIKV), chikungunya virus (CHIKV),
West Nile virus (WNV), Rift Valley fever virus (RVFV), and yellow fever virus (YFV)—is unfortunately not
well understood. This review provides an epidemiological inventory of DENV, ZIKV, CHIKV, WNV, RVFV,
and YFV infections in Africa, with helpful results for risk mapping and upcoming prevention and control
initiatives.

Methods

This systematic review protocol implements the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines and an expert-evaluated design and laboratory assay and reporting
evaluation (DARE) concept. Two independent reviewers conducted preliminary literature searches in
PubMed in May 2023 to improve the search keywords, strategy, and inclusion criteria while considering
the context and scienti�c signi�cance. The �nal search will be conducted using PubMed, ScienceDirect
(SCOPUS), the Web of Science Core Collection, African Journal Online and Google Scholar. Two
reviewers will simultaneously and independently conduct searches, screen studies, and extract data.
Quality assessment will be performed by two independent epidemiology experts, and discrepancies will
be handled by consensus or by consulting a third reviewer. Meta-analysis will be performed to determine
the pooled estimates of arbovirus circulation and transmission patterns in Africa.

Discussion

In this review, we present an epidemiological inventory with information that will be relevant for risk
assessment, future arbovirus infection outbreak prevention, and arbovirus infection outbreak control in
Africa. This will include estimating the patterns, trends, and burdens of arboviral infection across Africa,
as well as identifying the regions with the highest risk of transmission. This approach will be crucial for
developing well-informed policies for epidemic prevention.

Systematic review registration

The review is registered and accessible at Prospero with the registration ID CRD42023434939.

Background
Over the past two decades, there has been renewed interest in studying infections caused by
arboviruses. This is because of the increasing disease outbreaks resulting from dengue virus (DENV),
zika virus (ZIKV), chikungunya virus (CHIKV), West Nile virus (WNV), Rift Valley fever virus (RVFV) and
yellow fever virus (YFV) [1–6]. These incidents provide timely warnings of the potential for stable
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zoonoses to appear and spread with grave public health consequences. Thus, there has been continued
collaboration between Africans and international agencies to build capacities for arbovirus surveillance
and discovery [1]. However, the current burden of these arboviral diseases has not been fully elucidated,
and understanding the epidemiology of these diseases is an ongoing challenge for multiple reasons.

First, surveillance of arboviral etiologic pathogens related to common acute febrile illness is challenging,
given that most attention has been given to the malaria response [7–9]. Second, there is limited
availability of routine diagnostic procedures for Arbovirus screening and detection [10]. Third, all 47
countries in the African region have shortfalls in their capacity to cope with arbovirus outbreak
preparedness, surveillance and control [11]. Fourth, there is inadequate political commitment, limited
�nancial support, insu�cient well-quali�ed human resources, limited technical and logistical resources
and a lack of community awareness of arboviral diseases [11]. Generally, existing epidemiological data
on Arboviruses re�ect only areas with su�cient capacity to detect and report infections when they occur.
This essentially constrains national and international priority actions toward pandemic prevention,
preparedness, and response.

The transmission of Arbovirus infections results in either inapparent infection or symptomatic infections
ranging from mild undifferentiated illness to arthralgia, mild to severe encephalitis, hemorrhagic fever, or
death [12–15]. Zika, dengue, yellow fever and chikungunya infections have caused the most morbidity
and mortality in recent decades [11, 15, 16]. Especially in Africa, there are increasing numbers of reports
on arboviruses [1–6], where countries are usually caught off guard due to inadequate and inconclusive
data for planning outbreak preparedness, surveillance, and control strategies. Most of the existing data
are based on serological assays for reporting cases of infections, which reveal several reporting
irregularities [1, 8]. Thus, there are generally widespread limitations in our capacity to cope with arbovirus
outbreak preparedness, surveillance, and control [17]. Thus, it is important to harmonize existing data
through comprehensive reviews to understand the transmission rates of DENV, ZIKV, CHIKV, WNV, RVFV
and YFV infections in Africa.

During the preliminary search, we identi�ed several existing reviews that highlight the emerging
challenges of arboviruses and the need for enhanced surveillance systems [2, 4, 8, 10, 18–22] in Africa.
We also found thorough reviews that sought to estimate the disease burden of just a single arbovirus
pathogen at a time [23–34]. As this topic is still a challenge and a top priority in the African continent,
our study will go above and beyond by providing an inventory of arbovirus transmission patterns, illness
trends, and burdens, as well as identifying the locations at greatest risk of transmission. The objective of
this review is to estimate the transmission patterns, burdens, and distributions of major arbovirus
infections in human populations in Africa.

Review Question
Our review covered an expert-evaluated design, laboratory assay and reporting evaluation (DARE)
concept with the following aspects:
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Design
We considered studies that tested samples obtained from febrile patients, suspected cases, close
contacts, or the general African population to evaluate the (sero)prevalence of active or passive
arbovirus infections. This includes screening or identifying cases in medical facilities or the general
community in observational studies, outbreaks, and surveillance investigations.

Assay
We considered seroprevalence studies using well-validated in-house immunoassays or those using
detection kits approved by the WHO-Listed Authority-recognized National Regulatory Authority [Food and
Drug Administration (FDA) and/or National Medical Products Administration (NMPA)] with or without
internal validation. For surveillance investigations, we considered studies using molecular diagnostics
with internal and/or external controls during assay procedures (endogenous controls, cloned cDNA
targets, puri�ed DNA products and synthetic DNA from the amplicon sequence).

Reporting evaluation
We focused on studies whose report provides evidence of presumptive active, con�rmed active or
passive circulation or transmission of DENV, ZIKV, CHIKV, WNV, RVFV and YFV among inhabitants of
Africa within the African setting. This approach is restricted to only laboratory-con�rmed surveillance
case de�nitions.

Thus, we want to answer the following questions with this review:

1. What is the distribution level and pattern of arbovirus infections in Africa estimated via
immunoglobin (Ig) G?

2. What is the transmission level of active and presumptive active arbovirus infections in Africa
estimated via IgM, viral isolation, or molecular tests?

3. What is the level of evidence and regional distribution pattern of arbovirus infections in Africa?
4. Which arbovirus etiological agent has signi�cant potential for causing outbreaks in Africa?
5. What is the etiology of cases or trends in serotype replacement of major arboviruses in endemic

regions in Africa?

Methods
The proposed systematic review and meta-analysis will be conducted following the updated preferred
reporting items for systematic reviews and meta-analyses (PRISMA 2020) [35].

Eligibility criteria
Primary Summary Outcome
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The burden of (re)emerging arbovirus infections (DENV, ZIKV, CHIKV, WNV, RVFV and YFV) in Africa
reported via (sero)prevalence studies.

Primary endpoints

(sero)prevalence or (sero)incidence of laboratory-con�rmed active, presumptive active and passive
infection with DENV, ZIKV, CHIKV, WNV, RVFV and YFV detected via RNA, viral isolation, immunoglobulin
(Ig) M, and IgG testing.

The study types included were as follows: observational studies (cross-sectional studies and
retrospective and prospective cohort studies) and epidemiological and outbreak surveillance studies and
reports.

The inclusion criterion was as follows

Human incidence or prevalence studies reported in any African country.

Exclusion Criteria

1) Nonhuman prevalence or incidence, 2) Human incidence or prevalence studies reported in Africans
living outside Africa, 3) case reports, case series, editorials, letters to editors, reviews, commentaries,
qualitative studies, basic science research studies, 4) nonempirical research/modelled data,
Randomized control trials

Case de�nitions
The reporting outcomes of the included studies were evaluated based on the following de�nitions:

1. Con�rmed or active infection: a positive real-time polymerase chain reaction (RT–PCR) or molecular
detection result.

2. Presumptive acute infection: positive anti-IgM antibody detection via an immunodiagnostic assay
3. Prior exposure: positive anti-IgG detection via an immunodiagnostic assay

For a better understanding of the distribution and transmission patterns of DENV, ZIKV, CHIKV, WNV,
RVFV and YFV, we considered the following de�nitions relative to the time of sampling reported in each
study:

1. Epidemiologic period of sampling: We used epidemic data to refer to studies that were sampled
either during an outbreak or between outbreak periods. Studies in which samples were taken before
and after an epidemic or outbreak, respectively, were classi�ed as preepidemic or postepidemic
periods. If we are unable to determine this from the study, we will look at the country’s report for that
infection to determine the period.

2. Distribution pattern in the population: We will use sporadic to refer to the irregular or random
occurrence or reporting of the infection in the countries/regions where studies were conducted. In
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cases where the occurrence of the infection is reportedly constant or seasonal, we classi�ed it as
endemic. If the level of infection is unknown or no reports exist concerning its circulation in the
population, we will refer to it as unknown.

Literature search strategy
The literature search will be constructed to locate arbovirus-related articles in key databases, such as
PubMed, ScienceDirect (SCOPUS), the Web of Science Core Collection, African Journal Online and
Google Scholar. We utilize a three-step strategy for the search. First, two authors performed an individual
search on PubMed to identify articles relevant to the topic. We then compared and analysed the terms
used in the titles and abstracts of relevant articles and the index terms. We used the PubMed MeSH tool
to identify synonyms of the text and keywords. A full search strategy for the key databases was
subsequently developed and reviewed (Table 1). Second, the search strategy, which included all
identi�ed keywords and index terms, was used to query the selected databases by two independent
reviewers. The search terms for Africa were expanded to include all countries, as shown in Table 1.
Studies published from January 2000 to August 2023 and written in either English or French were
included. The third strategy will include a manual search that consists of scanning reference lists of
eligible studies and relevant systematic review articles.

Methods of study selection
All identi�ed citations will be uploaded to the EndNote website (https://endnote.com/weblogin/), and
duplicates will be removed. We will follow the best practice guidelines for title and abstract screening of
large-evidence systematic reviews and meta-analyses published by two independent reviewers adapted
from Polanin et al., [36] for screening the titles and abstracts (Table 2). Potentially relevant studies will
be retrieved in full, and their citation details will be imported into the JBI system for uni�ed management,
assessment and review of information (JBI SUMARI) [37].
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Table 1
Development of Search Strategies

Keywords: “Arbovirus infections” (D001102), Seroepidemiologic Studies (D016036),
prevalence (D015995), incidence (D015994), Africa (D000349).

Potential
synonyms

“Arbovirus infections”

“Seroepidemiologic studies”-seroprevalence, seroepidemiology, sero-incidence,

Prevalence

Incidence

Africa: Africa, central; Africa, Southern; Africa, Western; Africa, sub of Sahara;
Africa, Northern.

Search String
combinations

• “Arbovirus infections” AND “Seroepidemiologic Studies” AND Africa

• “Arbovirus infections” AND prevalence AND Africa

• “Arbovirus infections” AND incidence AND Africa

• “Arbovirus infections” [expanded] AND seroprevalence OR prevalence OR
incidence AND Africa[expanded]

Expanded
search for
Africa

"Nigeria"[Title/Abstract] OR "Ethiopia"[Title/Abstract] OR "Egypt"[Title/Abstract] OR
"Congo"[Title/Abstract] OR "Tanzania"[Title/Abstract] OR "South Africa"
[Title/Abstract] OR "Kenya"[Title/Abstract] OR "Uganda"[Title/Abstract] OR "Algeria"
[Title/Abstract] OR "Sudan"[Title/Abstract] OR "Morocco"[Title/Abstract] OR
"Angola"[Title/Abstract] OR "Mozambique"[Title/Abstract] OR "Ghana"
[Title/Abstract] OR "Madagascar"[Title/Abstract] OR "Cameroon"[Title/Abstract] OR
"Cote d Ivoire"[Title/Abstract] OR "Niger"[Title/Abstract] OR "Burkina Faso"
[Title/Abstract] OR "Mali"[Title/Abstract] OR "Malawi"[Title/Abstract] OR "Zambia"
[Title/Abstract] OR "Senegal"[Title/Abstract] OR "Chad"[Title/Abstract] OR "Somalia"
[Title/Abstract] OR "Zimbabwe"[Title/Abstract] OR "Guinea"[Title/Abstract] OR
"Rwanda"[Title/Abstract] OR "Benin"[Title/Abstract] OR "Burundi"[Title/Abstract] OR
"Tunisia"[Title/Abstract] OR "Togo"[Title/Abstract] OR "Sierra Leone"[All Fields] OR
"Libya"[Title/Abstract] OR "Congo"[Title/Abstract] OR "Liberia"[Title/Abstract] OR
"Central African Republic"[Title/Abstract] OR "Mauritania"[Title/Abstract] OR
"Eritrea"[Title/Abstract] OR "Namibia"[Title/Abstract] OR "Gambia"[Title/Abstract]
OR "Botswana"[Title/Abstract] OR "Gabon"[Title/Abstract] OR "Lesotho"
[Title/Abstract] OR "Guinea-Bissau"[Title/Abstract] OR "Equatorial Guinea"
[Title/Abstract] OR "Mauritius"[Title/Abstract] OR "Eswatini"[Title/Abstract] OR
"Djibouti"[Title/Abstract] OR "Comoros"[Title/Abstract] OR "Cape Verde"
[Title/Abstract]

Expanded
search for
Arboviruses

Dengue virus or zika virus or chikungunya virus or West Nile Virus or Rift Valley
Fever virus or yellow fever virus

Keywords are provided with their unique indexed identities in PubMed. The prevalence and incidence of
Arbovirus infections were indexed as preferred terms for searching. Thus, we did not use synonyms. For
Arbovirus infections, we expanded the search to include individual searches for dengue virus (DENV),
zika virus (ZIKV), chikungunya virus (CHIKV), West Nile virus (WNV) and Rift Valley Fever virus (RVFV).
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Table 2
Citation, title, and abstract screening tools

S/N Question Response Example guidelines

1 Does the citation indicate publication
on or after 2000?

Yes/No If not, stop screening

2 Does the title or abstract use English
or French?

  If not, stop screening

3 Does the title or abstract NOT indicate
arbovirus (sero)prevalence systematic
review

  If not, stop screening

4 Does the title or abstract indicate that
this is NOT a correction, erratum, or
conference proceedings?

  If not, stop screening

5 Does the abstract indicate that a
hospital or population-based
sampling approach was used and
included inhabitants of an African
country?

  If not, stop screening and exclude.

Example of excluded studies.

• The study sampled Africans residing
on other continents.

• The study sampled a mixture of
native Africans and nonnative
Africans.

• The study only sampled animals.

6 Does the abstract indicate that the
study was observational, surveillance
or outbreak investigation?

  Keywords: cross-sectional, cohort,
longitudinal, prospective, sentinel,
population-based, case-based or
aggregated surveillance.

If neither keyword appeared, stop
screening

7 Does the abstract indicate that
Arboviruses were studied?

  Keywords: nonmalaria febrile illness,
Arbovirus infections, dengue virus,
zika virus, chikungunya virus, West
Nile Virus, Rift Valley Fever virus

If no, stop screening and exclude.

8 Does the abstract indicate that the
study used a quantitative design?

  Keywords: (sero)prevalence, incidence

If not, stop screening

9 Should this article be included?   Yes: All 8 screening questions
answered Yes or unclear

No: at least one answers “No”

Full-text screening of selected articles was conducted against the eligibility criteria according to
population, setting, measurement, outcome, and study design characteristics within eligible studies as
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described below:

Setting

All studies included participants residing as inhabitants of an African country. Studies that included
population groups not speci�ed as inhabitants in an African country were excluded.

Population

The population was de�ned as febrile patients, suspected cases, close contacts and the general
population. The general population is de�ned as sampled from communities and households from the
whole country or a de�ned subnational population area. Suspected patients were de�ned as patients
enrolled with the case de�nition under surveillance. Studies considering any of these populations were
considered for inclusion.

Measurement

Studies reporting active or presumptive cases were included if they were based on nucleic acid testing
targeting virus-speci�c antigenic/conserved regions or immunoassays targeting IgM. Additionally, for
prior infection investigations (seroprevalence), reporting of cases must be based on immunoassays
targeting IgG.

Outcomes

Dengue virus, Zika virus, chikungunya virus, West Nile virus, and Rift Valley fever virus (sero) prevalence
were reported as the primary or secondary outcomes of all the studies. The de�nition of seroprevalence
should be reported via IgG or IgM measurement in serum/plasma or whole blood with immunoassays.
Active case de�nition should be reported via nucleic acid detection of viral antigenic or conserved
sequences.

Study Design

Observational studies (cross-sectional, cohort, longitudinal), sentinel, population-based, case-based or
aggregated surveillance reported in the English or French language will be included. Studies in other
languages will be eligible if a translation is available. Experimental trials that reported �ndings on
arbovirus prevalence were excluded. Case reports, abstracts, case series, editorials, and articles without
available full texts were excluded. Moreover, only studies published after December 31, 1999, were
eligible for inclusion.

Two independent reviewers performed the full-text review, and any disagreements were resolved through
discussion or by consulting a third reviewer. The results of the search will be reported according to the
PRISMA 2020 �ow diagram [35].
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Table 3
Full-text screening tool.

Question Yes No Unsure

Was the study conducted in an African country and includes inhabitants of
the Country?

     

Did the study include febrile patients, suspected cases, close contacts and
general participants sampled from communities or households?

     

Was the case de�nition of arbovirus infection based on nucleic acid testing
or immunoassays targeting IgM and/or IgG?

     

Was DENV, ZIKV, CHIKV, WNV, RVFV and YFV tested and reported as a
primary or secondary outcome in samples obtained from the participant?

     

Was the study used an observational, surveillance or outbreak investigation
design?

     

Should the study be included in data extraction?      

Data Extraction
The data extraction will be performed by two independent reviewers using the data extraction summary
provided in Table 4. The following variables were extracted from the eligible studies after full-text review:
name of �rst author, year of publication, sampling period, study population, sampling setting, age range
of participants, method of sampling, epidemiologic timeline, level of disease in the sampling region
before investigation, etiological agent(s) investigated, total number of participants screened, total
samples tested, laboratory method for diagnosis of infection, and prede�ned outcomes (the number of
laboratory-con�rmed participants). In the case of multinational studies, data will be separated to present
the estimate for each country when possible. The process will be piloted and reviewed by a third author.
When possible, the authors of the included articles were contacted for missing information or additional
data.
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Table 4
Data extraction form

Category Type of data

Demographic information Authors

Publication year

Sampling time

Study population

Sapling setting

Age range

Country

Sub-Region

Methods of outcome evaluation Study design

Method of sampling

Epidemiological timelines

Level of disease in the sampling Region

Etiological agent investigated

Total number recruited

Total sample tested

Method of testing

Reporting Evaluation Number of positive cases

Variant type

Reported prevalence

Additional Note

Scoring and quality assessment of the studies
We developed a modi�ed scoring system to appropriately weigh both serological and epidemiological
evidence for arbovirus infections in Africa based on standard guidelines. [38, 39]. In our scoring system,
study design, laboratory assay and reporting outcome were the three main considerations. The details of
the tool adopted for quality assessment are described below.

Designs
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Study population: Studies in which individuals are sampled from a population that is a close
representation of the national population receive a higher score. In this category, studies that involve
community/household sampling or sentinel surveillance will receive more weight. For studies reporting
(sero)prevalence from suspected cases, febrile patients, close contacts and other unde�ned
populations, points will be assigned based on acceptable case de�nitions and the closeness of the
sampling frame to the target population. The unde�ned population includes targeted patient groups such
as HIV patients and pregnant women, among others.

Methods of sampling

Studies reporting the method used to recruit participants or sampling methods (convenient sample or
randomly selected samples) received higher scores. In particular, the highest score was given for studies
that provided a detailed sampling framework or used strati�ed/multistage sampling, followed by
simpli�ed random or convenience sampling. If a study does not report how they recruited their study
participants, the study will receive zero points.

Laboratory Assay
We will consider studies using well-validated in-house assays or those using detection kits approved by
GPC/WHO-recognized national regulatory authority [Food and Drug Administration (FDA) and/or National
Medical Products Administration (NMPA)] with internal or external validations for a higher point. Viral
neutralization assays or immuno�uorescence assays will be considered the gold standard and will be
the most common choice. For studies using molecular diagnostics with internal and/or external controls
(endogenous controls, cloned cDNA targets, puri�ed DNA products and synthetic DNA of the amplicon
sequence), we will assign the same weight as neutralization assays.

Reporting Outcomes
For outcome analysis, accounting for population strata (regional demographic factors) or test
performance is highly important for interpreting serological results. A higher point will be assigned for
studies accounting for these adjustments, with the appropriate numerators and denominators used.

Quality Assessment
Two independent reviewers performed the quality assessment of the included articles, and a third
reviewer resolved any disagreements. Based on the overall score obtained, the study quality was
classi�ed into four grades, A, B, C and D, according to their quartiles. The adapted guidelines for quality
assessment and scoring are shown in text box 1 and Table 5 below.

Text box 1: Guidelines for the quality assessment of the included articles.



Page 14/21

Quality assessment tool: Methodology and reporting outcome assessment guide.
Study population

1. Was the study target population a close representation of the national population in relation to
age and sex? Check if the sample proportionally re�ects the age and sex structure of the larger
group. Here, focus mainly on eligibility criteria and an actual sample collected. “The target
population” refers to the group of people or entities to which the results of the study will be
generalized. The general, regional or community or patients groups are the targeted population

2. Was data collected directly from the subjects (as opposed to a proxy)? Check if samples for
arboviruses screening were collected directly from included participants.

Representativeness of Sample

1. Was the sampling frame a true or close representation of the target population? Check if the
selected population for sampling includes all genders and age groups that otherwise represent
what can be found in the general target population. For example, check if the study
underrepresents or overrepresents male or female gender, children, adults, or a special group of
interests.

2. Was some form of random selection used to select the sample, or was a census undertaken?
Here look for the method of recruitment, and whether it appropriately de�nes random sampling
(simple random sampling, strati�ed random sampling, cluster sampling, systematic sampling).

3. Was the likelihood of nonresponse bias minimal? For general observational studies check for the
participation bias relative to the number of people who consent to partake in the study and �nal
sample available for results presentation. If it exceeds 30%, indicate “signi�cant reporting bias”.
Additionally,  check if the response rate for the study was ≥70% or if an analysis was performed
that showed no important difference in relevant risk factors for arbovirus infection between
those that were included in the analysis versus those that were not (responders and
nonresponders).

Laboratory Assay and Reporting Outcome

1. Was the study instrument that measured the parameter of interest shown to have validity and
reliability?  Check for the diagnostic performance of the assay, internal and external validation
characteristics, and regulatory authority’s approval.

2. Was the same mode of data collection and sample analysis used for all subjects and all
samples? Check all subjects were equally sampled using the same methods or different
methods for certain subjects. Additionally,  check if the same instrument was used to measure
all samples under the same or similar conditions.

3. Were the numerator(s) and denominator(s) for the parameter of interest appropriate? Check to
see if there were no errors in the reporting of the numerator AND denominator(s) for the
prevalence estimation. The paper presented appropriate numerator(s) AND denominator(s) for
the parameter of interest.
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Table 5
Quality assessment tool: De�nition of the scoring sheet

Indicators Parameters Max.
Score

Given
score

Study Population Was the study target population a close
representation of the national population concerning
age and sex?

1  

Was data collected directly from the subjects (as
opposed to a proxy)?

1  

Population
representativeness

Was the sampling frame a true or close
representation of the target population?

1  

Was some form of random selection used to select
the sample, or was a census undertaken?

3  

a. Without reporting the method of recruitment of
study participants or the selection of study sites

0  

b. Convenience samples without randomly selecting
study participants (e.g., archived specimens from
clinical labs, patients in a single centre, blood
donors)

1  

c. Randomly selected samples in communities or
patients from multiple healthcare settings

2  

d. Multistage/strati�ed samples from communities
or universal samples from multiple healthcare
settings

3  

Was the likelihood of nonresponse bias minimal? 2  

a. < 70% 0  

b. 70–80% 1  

c. > 80% 2  

Laboratory Assay Was the study instrument that measured the
parameter of interest shown to have validity and
reliability?

4  

Approval or validation by National Regulatory
Authority

1  

Validation before assay for surveillance 1  

Con�rmation of assay methods 2  

Note: # Validation assay for serology without virus neutralization assay (VNA), plaque-reduction
neutralization test (PRNT) and microneutralization assay; * Validation assay with neutralization tests
for seroprevalence studies and internal controls for molecular testing. ^ only applicable for
seroprevalence studies.
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Indicators Parameters Max.
Score

Given
score

Was the same mode of data collection and sample
analysis used for all subjects and all samples?

1  

Reporting outcome Were the numerator(s) and denominator(s) for the
parameter of interest appropriate?

1  

Correction for age or sex 1  

Correction for testing performance (sensitivity and
speci�city) ^

1  

Note: # Validation assay for serology without virus neutralization assay (VNA), plaque-reduction
neutralization test (PRNT) and microneutralization assay; * Validation assay with neutralization tests
for seroprevalence studies and internal controls for molecular testing. ^ only applicable for
seroprevalence studies.

Data Synthesis for the Meta-analysis
For seroprevalence studies, we aimed to extract the true seropositive cases by multiplying the test
performance-adjusted seroprevalence by the number of participants tested for each study. We will
extract additional data on test characteristics for different serological assays based on independent
internal or external evaluation, published diagnostic testing papers and manufacturers' reported data. In
this case, we will use the primary assay considered for reporting outcomes. The true prevalence from the
apparent incidence reported from seroprevalence studies will be estimated in a Bayesian framework
using RUSCAN. The test sensitivity (se) and speci�city (sp) will be speci�ed independently. The
speci�cations we use in the framework are outlined as follows:

y  binomial (n, psample)

psample = p × se + (1-p) × (1-sp)

ysp = binomial (nsp, sp)

yse = binomial (nse, se)

where psample is the probability of seeing a positive sample, y is the number of positives observed, n is
the sample size, and se and sp are the sensitivity and speci�city of the test, respectively. If there is
limited or unavailable information on the assay sensitivity and speci�city, we will exclude the study from
the main �ndings section.

For surveillance studies, we extracted the number of patients positive for the infection and the total
sample tested. For repeated cross-sectional studies, we will calculate the sum of the total number of
participants who provided specimens and the total number of positive individuals during the whole study
period. For a longitudinal study (cohort) reporting on the incidence of arboviruses over time, we will
extract the number/count of individuals who tested positive throughout follow-up but not the episodes of
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infections, if any. There will be no sample size restrictions during the data synthesis, provided
appropriate justi�cation is given.

Meta-Analysis
We will use generalized linear mixed models (GLMMs) with 95% Clopper–Pearson con�dence intervals
to perform the meta-analysis with logit transformations via a two-step method. GLMMs directly model
the (sero)prevalence with binomial likelihoods and fully account for within-study uncertainties.
Heterogeneity will be assessed with I2 (returns as ‘percentage’ heterogeneity as a function of tau (τ),
which estimates the percentage of total variation due to heterogeneity across studies). We considered
the following variables as prespeci�ed sources of heterogeneity and explored them in subgroup and
multivariate meta-regression analyses:

Population group

Epidemic timelines

African region (North, South, East, West and Central)

Disease burden level

Quality of the studies included in the meta-analysis

We will perform sensitivity analyses based on the graphical display of heterogeneity (GOSH) plots,
replicating the results after excluding in�uential studies from the analysis. Publication bias will be
assessed with Egger’s test. The “meta”, “metafor” and “dmetar” packages implemented in R version 4.3.0
(2023-04-21 ucrt) will be used for this analysis.

Data presentation
Evidence will be presented in tables and forest plots. A narrative summary will proceed with the result
presentation with detailed descriptions of how the results relate to the objectives of the review. We will
report the �ndings following the PRISMA 2020 reporting guidelines for systematic reviews [35].

Discussion
Generally, systematic reviews and meta-analyses collect all possibly available evidence, designs, and
reviews and combine the results from these studies for analysis based on their quality [40]. In this review,
we provide comprehensive snapshots of DENV, ZIKV, CHIKV, WNV, RVFV and YFV investigations and a
meta-analysis of the results to provide an epidemiological inventory, with useful �ndings for risk
mapping and future prevention and control programs in Africa.

This review provides transparent and reproducible steps as well as the introduction of new concepts for
analysing information from observational studies in line with standard reporting guidelines [35]. The
methodology involves careful and expert appraisal of evidence in terms of its quality to maximize the
accuracy of our report. The results of this review will include an estimate and description of the burdens
of DENV, ZIKV, CHIKV, WNV, RVFV and YFV infections in Africa. This will highlight the need and advocate
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for interventions for controlling outbreaks. Second, the results will provide an estimate of the trend in the
etiology of infections to inform stakeholders regarding the effectiveness of control and prevention
interventions. Third, the review estimates and describes potential outbreaks of arboviruses to inform the
need for enhanced infection prevention rapid response systems in Africa. The �ndings of this review will
be shared via professional networks and a drafted manuscript for publication in a peer-reviewed journal.
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