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Abstract: Human type A rotavirus (RV-A) is world-recognized as the major pathogen causing viral
gastroenteritis in children under 5 years of age. The literature indicates a substantial increase in the
diversity of rotavirus strains across continents, especially in Africa, which can pose significant chal-
lenges including an increase of disease burden and a reduction of vaccines’ effectiveness. However,
few studies have mapped the variety of circulating virus strains in different regions, which may
hamper decisions on epidemiological surveillance and preventive public health measures. Thus,
our aim was to compile the most updated available evidence on the genetic profile of RV-A among
children in Africa and determine the prevalence of different genotypes according to the geographical
regions by means of a broad systematic review. Systematic searches were performed in PubMed,
Scopus, Web of Science, and Scielo without language, time limits, or geographical restrictions within
the African continent. We selected full-text peer-reviewed articles assessing the genetic profile (i.e.,
genotyping) of RV-A in children up to 5 years old in Africa. Overall, 682 records were retrieved,
resulting in 75 studies included for evidence synthesis. These studies were published between 1999
and 2022, were conducted in 28 countries from the five African regions, and 48% of the studies were
carried out for 24 months or more. Most studies (n = 55; 73.3%) evaluated RV-A cases before the
introduction of the vaccines, while around 20% of studies (n = 13) presented data after the vaccine
approval in each country. Only seven (9.3%) studies compared evidence from both periods (pre- and
post-vaccine introduction). Genotyping methods to assess RV-A varied between RT-PCR, nested or
multiplex RT-PCR, testing only the most common P and G-types. We observed G1 and P[8] to be
the most prevalent strains in Africa, with values around 31% and 43%, respectively. Yet if all the
genotypes with the following highest prevalence were added ((G1 + G2, G3, G9) and (P[8] + P[6],
P[4])), these figures would represent 80% and 99% of the total prevalence. The combination G1P[8]
was the most reported in the studies (around 22%). This review study demonstrated an increased
strain diversity in the past two decades, which could represent a challenge to the efficacy of the
current vaccine.

Keywords: rotavirus; genetic profile; children; systematic review; Africa

1. Introduction

Severe dehydrating diarrhea caused by rotavirus remains one of the major causes
of morbidity and mortality among children under 5 years old worldwide, despite some
decreasing trends in these figures in the last decade [1]. In 2019, rotavirus infections were
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responsible for an estimated two million hospitalizations and over 25 million outpatient
visits globally. In this same year, from the over five million accounted deaths (95% CI
4.92–5.68) in children younger than 5 years, diarrhea diseases were attributed to 9.1% of
cases (95% CI 7.9–9.9) and occurred mostly in low-income countries [2,3].

The genus Rotavirus A (RV-A) is an RNA virus (Reoviridae family) containing several
structural viral proteins, of which VP4 (protease-cleaved protein or P protein) and VP7
(glycoprotein or G protein) strands are determinants of genetic variability and viral serotype
classification (P- and G-serotypes). These proteins have been extensively studied in the
past decades as targets for neutralizing antibodies, and grounded the development of live
attenuated rotavirus vaccines. Between 2008 and 2009, the World Health Organization
(WHO) prequalified a pentavalent bovine-human reassortant vaccine (RotaTeq27-RV5) and
a monovalent vaccine based on a human RV-A strain (Rotarix-RV1). In 2018, two additional
vaccines (Rotavac and ROTASIIL) were licensed, being increasingly recommended by
national immunization programs [4], especially for high-risk mortality populations [5].
As of January 2022, 114 countries (including 79% of those from Africa) have introduced
RV vaccination services [4,6]. In fact, a systematic review on the impact of immunization
programs in sub-Saharan Africa demonstrated that the inclusion of RV1 and RV5 vaccines
led to significant reductions in the proportion of positive cases in these regions from 42%
(95% CI 38–46) (pre-vaccination period) to 21% (95% CI 17–25) [7].

However, it has been suggested that massive vaccination could lead to the replace-
ment of circulating genotypes or the emergence of new variants or neutralizing antibodies
escape mutants, which may reduce the effectiveness of the vaccine [8]. Moreover, a very
heterogeneous distribution of genotypes of RV-A in Africa exist—and often differ from
circulating strains and G-P combinations from other regions in the globe [9–12]. Addi-
tionally, dissimilar socioeconomic conditions and cultures may lead to differences in the
pattern of circulation of RV-A genotypes [7]. Previous reviews conducted between 1975
and 1992 reported three quarters of rotavirus strains in Africa belonging to one of the
four globally common G types circulating at that time, namely serotypes G1, G2, G3, or
G4 [13]. Later studies showed that the genotypes G1, G2, G3, G9, and G12 were the most
common, together with P[8], P[6], and P[11]. It seems that the combinations G1P[8], G2P[4],
G3P[8], G4P[8], and G9P[8] are responsible for around 90% of all RV-A infections in the
continent [9,14,15].

Yet, the literature lacks further synthesized and more updated evidence on the genetic
profile of RV-A in African countries, especially for the pediatric population. Only one
systematic review, without a published protocol (2017) and assessing the genotype profile
of the virus in Africa during 2006–2016, has been published [13,16]. Thus, we aimed to
compile the current evidence on the genetic profile of RV-A in children up to 5 years old
living in Africa and determine the prevalence of the genotypes according to the different
regions by means of a broad systematic review.

2. Materials and Methods

A systematic review to synthesize the pooled prevalence of circulating RV-A in chil-
dren under 5 in Africa was performed and reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses—PRISMA guidelines and Cochrane
Collaboration recommendations [17,18]. The protocol of this systematic review was
registered in the international prospective register of systematic reviews—PROSPERO
(CRD42022346530)—and is available at Open Science Framework (DOI 10.17605/OSF.IO/
RSZC6). Two authors conduct, independently, all steps of this studies’ selection and data
extraction. Disagreements were resolved by discussion with a third author arbitrating in
the circumstance of unresolved discrepancies.

2.1. Search Strategy

This study review was conducted by searching the following electronic databases
for primary peer-reviewed studies: MEDLINE (PubMed), Scopus, Web of Science, and
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Scielo (updated searches in December 2022). The search was not limited by any filter tool,
language, or country. Trial registration databases (www.clinicaltrials.gov; accessed on 10
December 2022), internet-based relevant databases (WHO Global Health Library, which
encompasses African Index Medicus), and the reference lists of the included studies were
also searched as part of the manual searching process. A comprehensive search strategy was
developed using subject headings related to four sets of descriptors (rotavirus, genotyping,
children, Africa), combined with Boolean Operators AND and OR. The search strategies
adapted for each database are available in the Supplemental Materials (Table S1).

2.2. Study Selection

Records retrieved from the databases were exported to a reference management
program (EndNote version X9.2, Clarivate, London, UK) where duplicates were removed.
Thereafter, the management of references and data extraction used Excel sheets (Microsoft
2020, Redmond, WA, USA). Titles and abstracts of the studies were independently screened
by two authors to remove irrelevant records. The full text of potentially eligible studies
was retrieved and independently assessed for eligibility by two of the authors. The three
inclusion criteria were (i) peer-reviewed primary articles reporting data on the genetic
profile (genotyping) of RV-A; (ii) articles including children under 5 years old; (iii) studies
carried out in at least one African country. Studies conducted in other populations (adults
or children older than 5 years), in vitro or in vivo studies, as well as those without clear
evidence of the type of technique used for genotyping were excluded. Discussion papers,
letters, editorials, reviews, and articles in non-Roman characters were also excluded.

2.3. Data Extraction and Quality Assessment

A standardized form in Excel sheets (Microsoft 2020, Redmond, WA, USA) was used
to extract information on: articles’ general data (author’s name, year of publication, country,
sample size, study duration); participants and their characteristics (age, in- or outpatients);
genotyping methods used, number of samples tested, absolute numbers and percentages
for the relevant genotypes. Whenever necessary, indirect data from figures and charts
were collected.

The methodological quality of the included studies was assessed by means of the
JBI—Jonna Briggs Institute Critical Appraisal tool [16] for the domains of appropriateness
of study design, selection bias, appropriate statistical analysis, and presentation of study
findings. For each study, the grading of each component and the global study rating was
assigned to the categories: low (<5), moderate (5–6), and high quality (7–8). To assign the
final quality score, authors also verified if the stated objectives of the paper matched the
reporting of outcomes within the paper (Supplementary Figure S1).

2.4. Statistical Analysis and Synthesis

A narrative synthesis of the findings from the included studies, structured around the
population characteristics, geographical region, and genotype profiling, was developed.
Prevalence calculations of identified genotypes were performed (i.e., by dividing the
number of positive cases of a given genotype by the number of samples tested) and
reported with a 95% confidence interval (95% CI—upper and lower limits) (Comprehensive
Meta-analysis software version 3.0; Microsoft Excel). Location maps of G and P genotypes
for the six African regions of the United Nations were built. Analyses were performed in
IBM SPSS statistics version 26 software.

3. Results

Overall, 682 records were retrieved from the databases after duplicates removal, from
which 200 were fully assessed during the eligibility phase, resulting in 75 studies included
for evidence synthesis (see Figure 1).

www.clinicaltrials.gov
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Figure 1. Study selection flow diagram.

These studies were published between 1999 and 2022 and were conducted in
28 countries located in the five African regions, namely: 25 (33.3%) studies assessing
the Western region, 21 (28.0%) from the Eastern region, 15 (20.0%) from the Northern
region, 11 (14.7%) from the Central Region, and 3 (4.0%) studies from the Southern region
of the continent (Figure 2). Around half (n = 36; 48%) of the studies were performed for
24 months or more, the total sample size generally being less than 250 patients. Most stud-
ies (n = 31; 41.3%) evaluated RV-A cases in hospital settings, while outpatient department
visits were reported in 30.6% of the studies (n = 23); children attending any of these settings
were assessed by n = 21; 28% of studies. Most studies (n = 55; 73.3%) evaluated RV-A cases
before the introduction of the vaccines in the respective countries (vaccine introduction
dates in Supplementary Table S2), while around 20% of studies (n = 13) presented data after
the vaccine approval in each country. Only seven (9.3%) studies compared evidence from
both periods (pre-and post-vaccine introduction). Genotyping methods to assess RV-A
varied between RT-PCR, nested or multiplex RT-PCR. Most studies tested only the most
common P and G-types (Table 1).
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Table 1. Summary of the studies’ characteristics.

Author
(Data of Publication) Country Year (s) of Sample

Collections
Genotyping

Method
Nº of Genotyped

Samples
Vaccine Introduction

Period a

Naficy A.B., et al. [19] Egypt 1995–1996 RT-PCR 46 Before
Allayeh A.K., et al. [20] Egypt 2015–2016 RT-PCR 37 Before

Saudy N., et al. [21] Egypt 2010–2012 Multiplex RT-PCR 45 Before
Elnady H.G., et al. [22] Egypt 2012–2012 RT-PCR 53 Before
Matson D.O., et al. [23] Egypt 2000–2002 Nested RT-PCR 243 Before
Ahmed S.F., et al. [24] Egypt 2004–2007 Nested, multiplex RT-PCR 164 Before
Benhafid M., et al. [25] Morocco 2006–2007 RT-PCR 134 Before
Benhafid M., et al. [26] Morocco 2006–2009 Semi-nested, multiplex

RT-PCR 548 Before
El Qazoui M., et al. [27] Morocco 2011 Multiplex RT-PCR 89 After
Chouikha A., et al. [28] Tunisia 2005–2007 Semi-nested, multiplex

RT-PCR 323 Before

Trabelsi A., et al. [29] Tunisia 2000–2003 Semi-nested multiplex
RT-PCR 63 Before

Soltani M., et al. [30] Tunisia 2009–2011 Semi-nested, multiplex
RT-PCR 188 Before

Chouikha A., et al. [31] Tunisia 2005–2007 Semi-nested, multiplex
RT-PCR 180 Before

Moussa A., et al. [32] Tunisia 2009–2014 Semi-nested RT-PCR 270 Before
Bennour H., et al. [33] Tunisia 2015–2017 Multiplex RT-PCR 72 Before
Agbla J.M., et al. [34] Benin 2016–2018 Multiplex RT-PCR 186 Before
Steele A.D., et al. [35] Burkina Faso 1994 RT-PCR 36 Before

Bonkoungou I.J., et al. [36] Burkina Faso 2008–2010 Semi-nested multiplex
RT-PCR 140 Before

Rönnelid Y., et al. [37] Burkina Faso 2015–2015 Multiplex RT-PCR 20 After
Nordgren J., et al. [38] Burkina Faso 2010 Semi-nested, multiplex

RT-PCR 56 Before

Nordgren J., et al. [10] Burkina Faso 2009–2010 Semi-nested, multiplex
RT-PCR 100 Before

Bonkoungou I.J.O., et al. [39] Burkina Faso 2012–2013 RT-PCR 67 Before
Armah G.E., et al. [40] Ghana 1999 RT-PCR 46 Before
Asmah R.H., et al. [41] Ghana 1998 Semi-nested, multiplex

RT-PCR 50 Before
Binka F.N., et al. [42] Ghana 1998–2020 Semi-nested PCR 238 Before

Enweronu-Laryea C.C., et al. [43] Ghana 2007–2011 RT-PCR 876 Before
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Table 1. Cont.

Author
(Data of Publication) Country Year (s) of Sample

Collections
Genotyping

Method
Nº of Genotyped

Samples
Vaccine Introduction

Period a

Lartey B.L., et al. [44] Ghana 2009–2016 RT-PCR 1363 Before and After
Letsa V., et al. [45] Ghana 2014–2016 Semi-nested, multiplex

RT-PCR 136 After
Damanka S., et al. [46] Ghana 2004–2005 RT-PCR 70 Before

Nielsen N.M., et al. [47] Guinea-Bissau 2002 Multiplex RT-PCR 104 Before
Boni-Cisse C., et al. [48] Ivory Coast 2010–2013 Multiplex RT-PCR 186 Before

Page A.L., et al. [49] Niger 2010–2013 RT-PCR 449 Before
Audu R., et al. [50] Nigeria 1996–1997 RT-PCR 23 Before
Ianiro G., et al. [51] Nigeria 2013 nested RT-PCR 66 Before

Ayolabi C.I. [52] Nigeria 2007–2008 RT-PCR 58 Before
Uzoma E.B., et al. [53] Nigeria 2012–2013 Nested, multiplex RT-PCR 49 Before
Japhet M.O., et al. [54] Nigeria 2012–2013 Semi-nested, multiplex

RT-PCR 49 Before
Amadu D.O., et al. [55] Nigeria 2013–2014 Multiplex RT-PCR 25 Before

Jere K.C., et al. [56] Sierra Leone 2005 RT-PCR 43 Before

Armah G.E., et al. [57]
Burkina Faso; Ivory

Coast; Ghana,
Nigeria, Cameroon.

1996–2000 RT-PCR 925 Before

Esteves A., et al. [15] Angola 2012–2013 Semi-nested, multiplex
RT-PCR 116 Before

Gasparinho C, et al. [9] Angola 2012–2013 Semi-nested, multiplex
RT-PCR 72 Before

Esona M.D., et al. [58] Cameroon 1999–2000 RT-PCR 89 Before
Boula A., et al. [59] Cameroon 2007–2012 Semi-nested, multiplex

RT-PCR 898 Before
Ndze V.N., et al. [60] Cameroon 2010–2011 RT-PCR 135 Before

Banga-Mingo V., et al. [61] CAR 2011–2013 Multiple RT-PCR 160 Before
Moure U.A.E., et al. [62] CAR 2014–2016 Semi-nested, multiplex

RT-PCR 100 Before
Mayindou G., et al. [63] Congo 2012–2013 RT-PCR 219 Before

Kabue J.P., et al. [64] DRC 2003–2005 RT-PCR 119 Before
Pukuta E.S., et al. [65] DRC 2009–2012 Multiplex RT-PCR 330 Before

Istrate C., et al. [66] São Tome and
Principe 2011 Semi-nested, multiplex

RT-PCR 83 Before

Abebe A., et al. [67] Ethiopia 2007–2012 Semi-nested, multiplex
RT-PCR 215 Before

Gelaw A., et al. [68] Ethiopia 2015–2016 RT-PCR 125 After
Nyangao J., et al. [69] Kenya 2000–2002 Nested RT-PCR 108 Before

Wandera E.A., et al. [70] Kenya 2009–2014 Semi-nested, multiplex
RT-PCR 429 Before

Raini S.K., et al. [71] Kenya 2012–2013 Nested RT-PCR 30 Before
Kiulia N.M., et al. [72] Kenya 2009–2011 RT-PCR 157 Before

Wandera E.A., et al. [73] Kenya 2011–2016 Semi-nested, multiplex
RT-PCR 61 Before and After

Cunliffe N.A., et al. [74] Malawi 1997–1998 Semi-nested, multiplex
RT-PCR 100 Before

Cunliffe N.A., et al. [75] Malawi 1997–1999 Multiplex RT-PCR 414 Before
Cunliffe N.A., et al. [76] Malawi 1997–1999 RT-PCR 1130 Before

Turner A., et al. [77] Malawi 2008–2009 Semi-nested, multiplex
RT-PCR 220 Before

João E.D., et al. [78] Mozambique 2015–2019 RT-PCR 650 Before and After
João E.D., et al. [12] Mozambique 2012–2013 Semi-nested, multiplex

RT-PCR 157 Before
Chissaque A., et al. [79] Mozambique 2015–2019 RT-PCR 152 Before and After

Manjate F., et al. [80] Mozambique 2008–2012
2016–2019

Semi-nested, multiplex
RT-PCR 291 Before and After

Hokororo A., et al. [81] Tanzania 2010–2012 Multiplex RT-PCR 100 Before
Odiit A., et al. [82] Uganda 2006–2012 Semi-nested, RT-PCR 354 Before
Bwogi J., et al. [83] Uganda 2012–2013 Nested RT-PCR 204 Before

Simwaka J., et al. [84] Zambia 2016 RT-PCR 116 After
Mukaratirwa A., at al. [85] Zimbabwe 2008–2016 RT-PCR 1096 Before and After
Mukaratirwa A., et al. [86] Zimbabwe 2008–2011 RT-PCR 127 Before
Mokomane M., et al. [87] Botswana 2011–2018 Multiplex RT-PCR 284 Before and After

Page N., et al. [88] Namibia 1998–1999 RT-PCR 113 Before
Seheri L.M., et al. [89] South Africa 2003–2006 Semi-nested, RT-PCR 648 Before

Notes. a Vaccine introduction dates for each country are in Supplementary Table S2. The full information can be
found in the Supplementary Table S3.

A total of 17,418 genotyped samples were analyzed for prevalence of various RV-A
genotypes, 14,759 strains being characterized for the G specificity, 14,258 for P specificity,
and 13,003 for both P and G antigens. Considering the very low incidence of other non-
typeable RV strains and mixed infections, they were not included in the final synthesis.

Table 2 depicts the complete data on RV-A genotypes from 28 of 54 African countries
(51.8%) and Figure 3 summarizes the evidence distributed according to the regions of the
African continent. Overall, G1 was the most prevalent strain (n = 5352 cases; 30.73% [95%
CI 24.2–37.2]), with the highest prevalence in the North region (40.5% [95% CI 33.9–47.1]),
followed by G2 (n = 2588 cases; 14.9% [95% CI 11.0–18.7]), found especially in the West
(18.5%) and Central (18.1%) regions. The rotavirus G3 strain represented the third most
prevalent strain (11.0%, [95% CI 5.6–19.1]), being most detected in the South (20%) (see
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Table 2). Regarding P genotypes, P[8] strains were highly reported (n = 7465 cases; 42.8%
[95% CI 33.0–52.7]) in all regions, followed by P[6] (24.9%) and P[4] (13.7%) strains. The
most prevalent combination was G1P[8] (n = 3745 cases; 21.5% [95% CI 12.9–30]), with rates
ranging from 11.6% in the West region to 33.0% in the North. Other combined strains such
as G2P[4] (n = 1364; 7.8% [95% CI 5—10.6]) and G9P[8] (n = 1309; 7.5% [95% CI 3.3–11.7])
were also fairly reported.

Table 2. Rotavirus A genotypes in Africa.

Genotype Positive
Cases

African Regions—Prevalence (%)

North West Central East South Global [95% CI]

G1 5352 40.5 24.8 34.3 29.8 34.9 30.7 [24.2–37.3]
G2 2588 16.2 18.5 18.1 10 14.7 14.9 [11.0–18.7]
G3 1899 11.5 12.9 8.4 8.4 20.0 10.9 [5.6–16.2]
G4 282 4.9 0.9 1.8 1.2 - 1.6 [0–4.2]
G5 2 - 0.02 0.04 - - 0.01 [0–0.1]
G6 107 - 1.2 1.7 0.05 - 0.6 [0–2.4]
G8 1042 0.2 2.4 6.9 11.4 3.3 6.0 [1.1–10.9]
G9 2086 9.1 8.3 3.7 19.0 14.5 12.0 [5.4–18.6]

G10 140 - 2.5 0.3 - - 0.80 [0–10.6]
G12 1261 0.8 10.7 9.3 6.7 3.3 7.2 [2.7–11.8]

P (4) 2390 338 672 213 1012 155 13.72 [10.62–16.82]
P (6) 4353 190 1559 902 1520 182 24.99 [12.35–37.64]
P (8) 7465 1329 1856 936 2770 574 42.86 [33.01–52,71]
P (9) 12 2 7 3 - - 0.07 [0.01–0.12]
P (10) 7 - 6 1 - - 0.04 [−0.28–0.36]
P (11) 30 29 - 1 - - 0.17 [−4.95–5.29]
P (14) 1 1 - - - - 0.01 [0.01]

G1P[4] 114 31 15 28 37 3 0.65 [0.1–1.2]
G1P[6] 742 53 218 202 215 54 4.26 [1.6–6.8]
G1P[8] 3745 811 614 526 1529 265 21.50 [12.9–30]
G2P[4] 1364 267 376 177 416 128 7.83 [5–10.6]
G2P[6] 709 40 306 205 132 26 4.07 [0.8–7.4]
G2P[8] 143 16 74 34 19 - 0.82 [0.06–1.6]
G3P[4] 292 26 112 2 142 10 1.68 [0.7–2.7]
G3P[6] 516 10 324 39 99 44 2.96 [0.3–5.5]
G3P[8] 815 209 62 52 337 155 4.68 [1.4–10.8]
G4P[8] 163 85 10 12 56 - 0.94 [−1.12- 3]
G8P[4] 238 - 7 9 211 11 1.37 [−0.68–3.41]
G8P[6] 551 - 32 120 390 9 3.16 [−0.79–7.12]
G8P[8] 104 - 14 19 56 15 0.60 [−0.06–1.26]
G9P[4] 125 1 36 2 83 3 0.72 [0.12–1.31]
G9P[6] 473 20 70 15 343 25 2.72 [0.49–4.94]
G9P[8] 1309 202 259 67 657 124 7.52 [3.3–11.73]

G10P[6] 110 110 - - - 0.63 [0.63]
G12P[6] 389 13 68 78 210 20 2.23 [0.87–3.6]
G12P[8] 772 10 457 131 160 14 4.43 [0.69–8.17]
Others * 329 52 112 74 91 - 1.89 [0.62–3.15]

Notes. Number of genotyped samples: 17,418. Prevalences are presented in percentages. * Others Genotypes-
regional numbers (Global Prevalence < 0.5%): G1P[9] West 3; G1P[10] Central 1; G1P[11] North 5; G2P[11]
North 7; G3P[9] Central 1; G3P[11] North 10; G4P[4] North 2, West 18, Central 2, East 4; G4P[6] North 23, West 10,
Central 27, East 12; G4P[11] North 1; G5P[8] West 1, Central 1; G6P[6] West 58, Central 26; G6P[8] North 2, West 1,
Central 3; G8P[14] North 1; G9P[10] West 2; G9P[11] North 1; G10P[4] North 1; G10P[8] West 13, Central 8; G12P[4]
West 4, Central 5, East 75.
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After vaccine introduction, G1P[8] continued to be the most prevalent (20.4%) globally,
due to the Northern (51.7%) and Eastern (24.3%) regions. In the Western region, G12P[8]
was the most prevalent (23%), and G2P[4] was most prevalent in the Southern region
(27.3%). A small number of post-vaccine studies (13), and the absence of studies from the
central region may have created an important bias in the regional analysis.

The methodological quality assessment of studies demonstrated most reports as
high and medium quality. Of the assessed domains, the identification of limitations,
confounding factors, strategies to deal with limitations, and the lack of next steps were the
most problematic. These aspects should be improved in future reports (full assessment in
Supplemental Materials).

4. Discussion

This systematic review synthesized and critically assessed the evidence of 75 primary
studies on RV-A genotypes in children under 5 in Africa over a 23-year period and demon-
strated the prevalence of the infection is still commonplace. This highlights the need of
further measures for reducing the health, social, and economic burdens related to this
condition in the continent—including the development of vaccines and immunization
programs targeting circulating genotypes.

We observed G1 and P[8] to be the most prevalent strains in Africa, with values
around 31% and 43%, respectively. Yet if all the genotypes with the following highest
prevalence were added, (G1 + G2, G3, G9) and (P[8] + P[6], P[4]), these figures would
represent 80% and 99% of the total prevalence. The combination G1P[8] was the most
reported in the studies (around 22%). Previous studies similarly reported these genotypes
as commonly found in the continent (comparable prevalence rates varying from 25 to 45%
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for G1 and P[8]), yet their occurrence may significantly differ across geographical regions
worldwide [13,14,90,91]. For instance, higher rates of G1P[8] infection have been found in
North America, Europe, and Australia (70% of all circulating strains), while this figure is
about 30% in South America and Asia [91].

We additionally identified a potential increasing trend in the proportion of novel
strains, such as G12 (7.2%) and G8 (5.9%), but also the combinations G2P[4] (7.8%) and
G9P[8] (7.5%), that have been similarly detected globally [21]. Moreover, we found a
fair prevalence (3–5%) of unusual strain combinations such as G1P[6], G3P[8], G2P[6],
G3P[8], G12P[8], and G8P[6] that may reflect the diversity and nature of RV-A in Africa
and its unique distribution compared with other regions. The identification of uncommon
genotypes such as G5 (0.01%), G6 (0.6%), and G10 (0.8%) raise further awareness about
the heterogeneity of RV-A in Africa and the need for active epidemiological surveillance
among children under 5.

This review study demonstrated an increased strain diversity in the past two decades,
when compared with data from before 1997–2006 in Africa [11]. As studies suggested,
this increase in strain diversity can be explained by the introduction and prevalent use
of more sensitive RT-PCR genotyping methods that enable the detection of common and
uncommon strain types, lending multiple infections and rotavirus evolution in vivo, and
that common strains may have evolved by genetic drift [11].

A number of rotavirus strains remained non-typeable (14.5%); less than the 16% in a
review study carried out in Africa from 1997 to 2006, and more likely than the 14.8% found
globally [11], allowing the possibility that other serotypes have not yet been identified.

Even though the most common G/P combinations reported in different geographical
regions appear similar, the proportions vary per geographic region and over time.

The complexity of the molecular epidemiology of rotavirus strains and its variability
was shown in this review study, with only 13 post-vaccine introduction studies conducted
in four African regions, and the predominant genotypes varying in the regional analysis
with an overall predominant prevalence being G1P[8] (20.4%). The recognition that the cir-
culating strains will fluctuate over time and in different regions of the continent is important
for the monitoring of strain diversity in the period after rotavirus vaccines introduction.

In the analysis of the relevance of strain diversity to rotavirus vaccine programs,
the current oral, live attenuated rotavirus vaccines have greatly reduce the burden of
severe rotavirus disease in Africa. These include a monovalent human rotavirus G1P[8]
vaccine (Rotarix) and a (RotaTeq) pentavalent human-bovine reassortant vaccine that covers
serotypes G1, G2, G3, G4, and P[8]. It will be important to demonstrate vaccine efficacy
in settings where strains share neither G or P type with these vaccines. In this review, of
the single rotavirus strains examined, 12.7% did not share either G or P type with RotaTeq
and 29% did not share a G or P type with Rotarix. However, many other factors may be
involved in the protective immunity and further study is needed in less developed settings
to study the cross-protection of non-vaccine strains [8,92–95].

This study has some limitations, as data were available from only 51.8% (28/54) of the
African countries and only 13 studies were conducted after the vaccine introduction. Also,
the majority of the studies only detect common G and P-types and sequencing tests were
performed in very few studies, probably because of not typing strains. Although the studies
included in this review provide an indication of genotypes circulating throughout the
African continent, they may not represent all countries in the region. Different definitions
of genotypes, as well as the consideration of a wide variety of sequencing techniques of the
rotavirus, whose numbers of eligible studies may be limited, may affect the characterization
of some genotypes.

5. Conclusions

This systematic review compiled the most recent findings from primary studies of
genetic identification of RV-A circulating in Africa in the past 23 years and presented the
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pooled prevalence of circulating rotavirus genotypes in children under 5 years old in the
five African geographic regions.

In the African continent, 43 of 54 (79.6%) countries have introduced rotavirus vac-
cines into their immunization programs [96], representing over half of all countries in the
world [8].

The high prevalence of mixed infections observed in this study as well as other studies
in the continent [57] constitutes an optimal moment for the reassortment of the rotavirus
genome that can lead to the generation of new rotavirus strains and may generate new
genome constellations that allow rotavirus type A to expand its host range or evade immune
responses [97]. The diversity of rotavirus strains in the continent, that carry a higher burden
of rotavirus mortality, could represent a challenge to the efficacy of current vaccines.

African surveillance studies post-vaccine introduction are crucial to understanding
the impact of the vaccine on rotavirus circulating strains, and assure vaccine efficacy. It
is fundamental to maintain an efficient rotavirus surveillance network and update the
information of circulating strains in each country of the African region.

We, thus, believe that our findings may directly contribute towards the updating of
evidence on rotavirus circulating strains, contributing to the development of next generation
rotavirus vaccines, surveillance mechanisms, and health policy measures.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/v16020243/s1, Table S1: Search Strategies; Table S2: Characteristics of the Included Studies;
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