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ABSTRACT

Objective: The objective of this living systematic review is to synthesize the available evidence on the prevalence of
types of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) genomic variations in Africa.

Introduction: The burden of the coronavirus disease 2019 (COVID-19) pandemic on the health, well-being, and
global economy (especially the fragile economies of African countries) is significant. Profiling the genomic and
geographical variations of SARS-CoV-2, a causative agent of COVID-19, may be important for future decision-making,
policy guidelines, and development of drugs and vaccines. However, little is known about the up-to-date prevalence
of genomic and geographical variations of SARS-CoV-2 virus on the African continent.

Inclusion criteria: This living systematic review will include studies on the prevalence of SARS-CoV-2 genetic strains
and mutations obtained from sequencing data of samples from individuals of all ages and sexes using the next
generation sequencing approaches in studies conducted in Africa.

Methods: The search strategy will be developed to retrieve both published and unpublished data. Published data
will be obtained from electronic databases. Unpublished data will be obtained from conference proceedings,
preprints, theses/dissertations, electronic search engines, and COVID-19-dedicated websites. Relevant published or
unpublished data in the English language from January 2020 will be considered. Studies will be selected based on
the inclusion criteria of the review. The selected studies will be critically appraised for methodological quality by two
independent reviewers and data extracted from eligible studies. Finally, meta-analysis will be done, if feasible, to pool

prevalence estimates after heterogeneity of the data has been analyzed.
Systematic review registration number: PROSPERO CRD42020211451
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Introduction

oronavirus disease 2019 (COVID-19), which is

caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), was initially reported
in Wuhan, China, in mid-December 2019.! COVID-
19 has a high transmission rate and was able to
spread to over 210 countries in less than four months
from the point of discovery.” Due to its high rate
of transmission, the World Health Organization
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declared it a global pandemic on March 11, 2020.°
By September 22, 2020, there were 31,174,627 con-
firmed cases of COVID-19 worldwide, with 962,613
deaths.? Although there is a considerable case-fatality
rate of the disease worldwide, it varies across geo-
graphical regions.”

SARS-CoV-2 is a single-stranded ribonucleic acid
(RNA) virus with four structural proteins (spike [S],
envelope [E], membrane [M], and nucleocapsid [N]),
16 non-structural proteins (nspl-16), and five
accessory proteins (ORF3a, ORF6, ORF7a, ORF7b,
and ORF8).** Current available evidence has shown
that there are geographic genomic diversities and
recurrent mutations in the viral genome across
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geographic regions, reiterating its global diversity.>
Mutation of the virus occurs at a low rate and the S
protein has been reported to have high affinity for
angiotensin converting enzyme-2, thus mediating
binding and entry into host cells.® Because of this,
most of the 60-plus approaches of SARS-CoV-2
candidate vaccines under development have targeted
the S protein.” Currently, few vaccines have been
proven to be effective against the novel SARS-CoV-
2819 In addition, there is no systematic, reliable,
and robust method of estimating prevalence of types
of variations in genes to ascertain dominant genes
and their associated mutations in geographical
regions of Africa.

Currently, 57 countries in Africa are affected by
COVID-19, with total confirmed cases of 1,152,822
and confirmed deaths of 24,882 as of September 22,
2020.? The five highest-ranked countries contribut-
ing to the confirmed cases are South Africa (57.4%),
Ethiopia (6.0%), Nigeria (5.0%), Algeria (4.3%),
and Ghana (4.0%).? Severe diseases, including pneu-
monia, are reported in 15% of COVID-19 cases, and
5% of cases also experience respiratory- and organ-
related failures.'’ However, Africa’s poor health
systems, coupled with its fragile economies, call
for strategies that efficiently make use of scarce
resources in managing any unexpected exponential
increase in outbreak of the disease.'*'? Until April
2020, the total number of working ventilators in
public hospitals across 41 countries in Africa was
fewer than 2000, compared to more than 120,000 in
the United States.'* This requires strategies to make
efficient use of scarce resources to manage any
unexpected exponential increase in outbreak of
the disease. One of these strategies may be to docu-
ment the prevalent genes and mutations in the geo-
graphical settings of Africa in order to provide
targeted interventions, such as effective drugs and
vaccines development.

SARS-CoV-2 has variations in the viral genome.
Thus, as more complete sequencing information
becomes available over time, the need to identify
geographic virus variants may be important for future
decision-making in resource allocation and provision
of appropriate interventions. Therefore, the need to
profile the viral genes and mutations in a reliable,
robust, and systematic manner may be important.

The traditional method of producing systematic
reviews could be employed to do the profiling by
estimating the prevalence; however, high volumes of
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peer-reviewed articles and gray literature on the
virus are being produced rapidly,'® reflecting the
urgency to deploy the most up-to-date information
as quickly as possible. Hence, there is a need to
conduct a living systematic review (LSR), which is
a review characterized by continual surveillance of
evidence, incorporating new evidence as it becomes
available."” This would produce synthesized evi-
dence based on high-quality studies using systematic,
rigorous, and robust methods to ensure the evidence
is as salient and recent as possible.

Living systematic reviews are characterized by
regular updates of evidence that may provide health
workers and policy makers with reliable and up-to-
date evidence to inform their decision-making on
practices and policy guidelines. The reliable and
regularly updated evidence could also inform Afri-
can governments’ strategies to combat the COVID-
19 pandemic. Currently, many approaches are being
explored to create effective vaccines and drugs’;
however, structured proteins that are considered
to play important roles in the viral entry, fusion,
and survival in the host genetic cells are considered a
major target for drug and vaccine development.'®
Therefore, it is imperative to profile mutations (var-
iants) of structural proteins; for instance, the preva-
lence of specific variants, such as D614G identified
in the S protein, in two or more studies conducted in
different countries within Africa could be profiled by
pooling the existing variants. Any time a new preva-
lent of the variant becomes available, it can be
incorporated in the pooling of results.”

There are continual worldwide clinical trials on
drugs and candidate vaccines for COVID-19, of
which a slim proportion (2.6%) is taking place in
Africa."” Providing up-to-date prevalence of geno-
mic variation may inform decisions in more studies
carried out in the future on drug and vaccine devel-
opment on the continent. In addition, no LSRs on the
prevalence of specific structural protein mutations of
SARS-CoV-2 in Africa were found after searching
PROSPERO, Cochrane Database of Systematic
Reviews, PubMed, and JBI Evidence Synthesis.
Hence, there is a gap in using up-to-date and sys-
tematic methods of documenting prevalence of spe-
cific structural mutations (variants) in Africa to
identify the predominant structural protein variants
in specific geographical areas.

The objective of this LSR is to synthesize the
available evidence on the prevalence of types of
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SARS-CoV-2 genomic variations in Africa. More
specifically, the aim is to estimate the prevalence
of specific mutations (variants) associated with
structural proteins in North Africa and sub-
Saharan Africa.

Review questions

1) What are the specific variants of structural pro-
teins in North Africa?

ii) What are the specific variants of structural pro-
teins in sub-Saharan Africa?

Inclusion criteria

Participants

The LSR will consider studies that included individ-
uals of all ages and sexes.

Condition

This LSR will include studies on the prevalence of
SARS-CoV-2 genetic strains and mutations obtained
from sequencing data of individual samples using
next generation sequencing approaches.

Context

The LSR will consider studies on the prevalence of
SARS-CoV-2 in any geographical setting in Africa.
Specifically, published or unpublished data on the
prevalence of SARS-CoV-2 genomic variants con-
ducted in any country in Africa will be considered.
The review will consider the pooling in the context of
North Africa and sub-Saharan Africa, because they
differ in terms of sociocultural characteristics,
resources, and climatic conditions.*’

Types of studies

Analytical observational studies, including analyti-
cal cross-sectional studies, will be considered for
inclusion. This review will also consider descriptive
observational studies including descriptive cross-
sectional studies for inclusion.

Methods

The baseline LSR will be conducted in accordance
with JBI methodology for prevalence reviews using
the JBI System for the Unified Management, Assess-
ment and Review of Information (JBI SUMARI; JBI,
Adelaide, Australia).?! In addition, useful features of
the LSR protocol that are missing in the JBI guide-
lines will be incorporated using the Cochrane guide-
lines for LSR to augment the review protocol.'”
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Search strategy

The search strategy aims to find both published and
unpublished studies. A three-step search strategy will
be utilized in this review. An initial limited search of
MEDLINE (PubMed) and CINAHL (EBSCO) was
undertaken followed by analysis of the text words
contained in the title and abstract, and of the index
terms used to describe article. A second search using
all identified keywords and index terms will be
undertaken across all included databases. Thirdly,
the reference lists of all identified reports and articles
that meet the inclusion criteria will be searched for
additional studies. Studies published in the English
language will be considered for inclusion in this
review. The African continent is predominantly
made up of Francophone and Anglophone countries.
Searching in French may give a true picture of the
evidence, but the review team lack the capacity to
effectively translate French into English. In addition,
the team lacks sufficient funds to engage the services
of a professional translator. Studies published from
January 2020 will be considered for inclusion in this
review. The start date for the search was chosen on
the basis that no confirmed COVID-19 case in Africa
was reported before that period.

The databases to be searched include MEDLINE
(PubMed), LitCovid, Embase (Ovid), Scopus (Elsev-
ier), CINAHL (EBSCO), ScienceDirect (Elsevier),
and SciELO (Web of Science).

The search for unpublished studies will include the
World Health Organization COVID-19 website, the
Centers for Disease Control and Prevention COVID-
19 website, Google Scholar, ProQuest Dissertations
and Theses, conference proceedings, bioRxiv (pre-
prints), medRxiv (preprints), and SSRN (preprints).
The following initial keywords will be used: “COVID-
19,7 “SARS-CoV-2,” “mutations,” “sequencing,”
“prevalence,” “percentage,” ‘“genome,” “strains,”
“genetic,” “variants,” “Africa.”

An initial search strategy has been developed for
MEDLINE (PubMed; see Appendix I).

Study selection

Following the search, all citations (published or
unpublished data) that meet the inclusion criteria
of the review will be collated and uploaded into
Mendeley V.1.19.8 (Mendeley Ltd., Elsevier,
Netherlands) to de-duplicate citations. Following a
pilot test, titles and abstracts will then be screened by
two independent reviewers for assessment against
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the inclusion criteria for the review. All citation
details will be exported to MS Excel (Redmond,
Washington, USA), and each full-text article that
potentially meets the inclusion criteria of the review
will be assessed against the inclusion criteria by two
independent reviewers. Full-text articles that do not
meet the inclusion criteria will be excluded, and the
reason for exclusion will be provided in an appendix
of the final baseline review. Any disagreements that
arise between reviewers at any stage of the selection
process will be resolved through discussion. The
results of the search will be reported in full in the
review and reported in a Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA) flow diagram.**

Assessment of methodological quality

All citations that meet the inclusion criteria of the
review will be critically appraised for methodological
quality by two independent reviewers using the stan-
dardized critical appraisal instrument for prevalence
studies developed by JBL.?! Authors of articles will be
contacted to request missing or additional informa-
tion where required. Any disagreements between
reviewers that arise during the critical appraisal pro-
cess will be resolved through discussion. The results of
the critical appraisal will be reported in narrative and
tabular format in the review. Following critical
appraisal, studies that do not meet a certain quality
threshold will be excluded. This decision will be based
on a total score greater than 5, which is more than
60% on the nine-item JBI critical appraisal tool.

Data extraction

Data will be extracted from citations included in the
review by two independent reviewers using the JBI
standardized data extraction instrument for preva-
lence studies.”! The data extracted includes specific
details about the condition, context, population, and
study methods of significance to the review question
and specific objectives. Any disagreements between
the reviewers will be resolved through discussion

Data synthesis

Data for prevalent genomic variations extracted
from included studies (published or unpublished)
will, where possible, be pooled in statistical meta-
analysis using JBI SUMARIL?! Prior to pooling, data
will be logarithmically transformed because all ratio
data (such as prevalence data) tend to be skewed to

JBI Evidence Synthesis

G. Adjei et al.

the right.”? Selected prevalence estimates will be
combined statistically to obtain a pooled estimate
of prevalence and corresponding 95% confidence
interval. A funnel plot will be used to visually assess
publication bias, and the Egger test will be used to
statistically assess publication bias if there are 10 or
more studies.”* Heterogeneity will be assessed sta-
tistically using the standard x* (Cochran’s Q) and I?
tests; any I tests above 75% will be indicative of
significant heterogeneity.>’ In addition, the hetero-
geneity among studies will be checked manually in
terms of study population, study settings, conditions,
and methods. Random-effects models will be used
for pooling the prevalence data.?® Subgroup analysis
will be carried out based on covariates, such as study
design, context, condition, year of study, and popu-
lation, where they have the potential to have impact
on summary estimates. Where statistical pooling is
not possible, the findings will be presented in narra-
tive form including tables and figures to aid in data
presentation, where appropriate. If pooling is possi-
ble, the antilog for the pooled estimates of preva-
lence and the corresponding 95% confidence
intervals will be found after pooling.

Living systematic review considerations

Electronic databases will be searched monthly and
auto-alerts set up (where possible) to deliver a
monthly search yield by email. Search methods
and strategies will be reviewed yearly to ensure they
reflect any terminology changes in the topic area or
in the database. All gray literature will be searched
monthly, except conference proceedings, which will
be searched yearly.

Whenever any new evidence (published or unpub-
lished data) relevant to the review is identified, data
will be extracted and the risk of bias appropriately
assessed. We will wait until the accumulating evi-
dence has impact on the conclusion of the review
before incorporating it and re-publishing the review.
The impact will be measured by the increase in
precision of the pooled estimate (ie, the reduction
in the length of 95% confidence interval).

Each year, reviewers will consider the necessity
for the review to continue to be living by assessing
ongoing relevance of the question to decision-mak-
ers. The review will be transitioned out of living
mode if it lacks relevance to decision-makers.

The LSR status will be updated every month by
stating the last search date; the number of studies
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identified, together with the DOI or hyperlinks of
studies; and a statement indicating whether the new
evidence made an impact on the conclusion of the
study. JBI SUMARTI files (eg, PRISMA flow diagram,
forest plots) will be updated accordingly.
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Appendix I: Search strategy

MEDLINE (PubMed)
Search conducted on July 20, 2021.

Records
Search | Query retrieved
1 SARS-CoV-2 [Mesh] OR Coronavirus [Mesh] OR COVID-19 [Mesh] OR “Coronavirus 2,294,056

Envelope” [tw] OR “Coronavirus M Proteins” [Mesh] OR “Coronavirus Nucleocapsid” [tw]
OR “Spike Glycoprotein” [Mesh] OR NSP4 [tw] OR NSP7 [tw] OR “nucleocapsid
phosphoprotein” [tw] OR ORFlab [tw] OR “Spike protein” [tw] OR “COVID-19 virus” [tw]
OR “SARS Coronavirus 2" [tw] OR 2019-nCov [tw] OR “Severe Acute Respiratory
Syndrome Coronavirus 2" [tw] OR “Wuhan Coronavirus” [tw] OR Genome [tw] OR
Betacoronavirus [tw] OR “structural proteins” [tw] OR “Angiotensin-Converting Enzyme 2"
[Mesh] OR Polyprotein [Mesh] OR protein [tw] OR “Viral Protein” [Mesh] OR “Viral
Genome Packaging” [Mesh] OR “Viral Packaging Sequence” [Mesh] OR “Viroporin
Proteins” [Mesh]

2 Mutation [tw] OR sequencing [tw] OR variant [tiab] OR “genomic variation” [tiab] OR 4,732,291
“Next Generation Sequencing” [tw] OR “genomes sequencing” [tw] OR strain [tw] OR
isolated [tw] OR Spectrum [tw] OR Analysis [tw] OR Mutation [tw] OR sequencing [tw]
OR variant [tiab] OR “genomic variation” [tiab] OR “Next Generation Sequencing” [tw] OR
“genomes sequencing” [tw] OR strain [tw] OR isolated [tw] OR Spectrum [tw] OR Analysis

[tw]

3 Prevalence [tw] OR Percentage [tw] OR Frequency [tw] OR Frequencies [tw] OR 1,629,244
Proportion [tw]

4 Algeria [tw] OR Angola [tw] OR Benin [tw] OR Botswana [tw] OR “Burkina Faso” [tw] OR |309,176

Burundi [tw] OR “Cape Verde” [tw] OR Cameroon [tw] OR “Central African Republic” [tw]
OR Chad [tw] OR Comoros [tw] OR “Democratic Republic of Congo” [tw] OR Congo [tw]
OR “lvory Coast” [tw] OR Djibouti [tw] OR Egypt [tw] OR “Equatorial Guinea” [tw] OR
Eritrea [tw] OR Ethiopia [tw] OR Gabon [tw] OR Gambia [tw] OR Ghana [tw] OR Guinea
[tw] OR Guinea-Bissau [tw] OR Kenya [tw] OR Lesotho [tw] OR Liberia [tw] OR Libya [tw]
OR Madagascar [tw] OR Malawi [tw] OR Mali [tw] OR Mauritania [tw] OR Mauritius [tw]
OR Morocco [tw] OR Mozambique [tw] OR Namibia [tw] OR Niger [tw] OR Nigeria [tw]
OR Rwanda [tw] OR “Sao Tome and Principe” [tw] OR Senegal [tw] OR Seychelles [tw] OR
“Sierra Leone” [tw] OR Somalia [tw] OR “South Africa” [tw] OR “South Sudan” [tw] OR
Sudan [tw] OR Swaziland [tw] OR Tanzania [tw] OR Togo [tw] OR Tunisia [tw] OR Uganda
[tw] OR Zambia [tw] OR Zimbabwe [tw] OR “North Africa” [tw] OR “sub-Saharan Africa”
[tw] OR Africa [tw]

5 Filters: Publication date from 2020/01/01 to 2021/12/31; Language: English; Species:
Humans
Combination of results 1, 2, 3, 4, and 5 linked by the Boolean term “AND” 349
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