
 1Lewis HC, et al. BMJ Global Health 2022;7:e008793. doi:10.1136/bmjgh-2022-008793

SARS- CoV- 2 infection in Africa: a 
systematic review and meta- analysis of 
standardised seroprevalence studies, 
from January 2020 to December 2021

Hannah C Lewis    ,1,2 Harriet Ware    ,3 Mairead Whelan    ,3 
Lorenzo Subissi    ,2 Zihan Li    ,4 Xiaomeng Ma    ,5 Anthony Nardone    ,2,6 
Marta Valenciano    ,2,6 Brianna Cheng    ,2,7 Kim Noel    ,8 Christian Cao    ,3 
Mercedes Yanes- Lane    ,8,9 Belinda L Herring    ,1 Ambrose Talisuna    ,1 
Nsenga Ngoy    ,1 Thierno Balde,1 David Clifton,10 Maria D Van Kerkhove    ,2 
David Buckeridge    ,8,11 Niklas Bobrovitz    ,12 Joseph Okeibunor,1 
Rahul K Arora    ,3,10 Isabel Bergeri    ,2 UNITY Studies Collaborator Group

Original research

To cite: Lewis HC, Ware H, 
Whelan M, et al. SARS- 
CoV- 2 infection in Africa: 
a systematic review and 
meta- analysis of standardised 
seroprevalence studies, from 
January 2020 to December 
2021. BMJ Global Health 
2022;7:e008793. doi:10.1136/
bmjgh-2022-008793

Handling editor Senjuti Saha

 ► Additional supplemental 
material is published online only. 
To view, please visit the journal 
online (http:// dx. doi. org/ 10. 
1136/ bmjgh- 2022- 008793).

HCL, HW, MW and LS are joint 
first authors.
JO, RKA and IB are joint senior 
authors.

Received 10 February 2022
Accepted 28 June 2022

For numbered affiliations see 
end of article.

Correspondence to
Hannah C Lewis ;  
 lewish@ who. int

© Author(s) (or their 
employer(s)) 2022. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Introduction Estimating COVID- 19 cumulative incidence in 
Africa remains problematic due to challenges in contact tracing, 
routine surveillance systems and laboratory testing capacities 
and strategies. We undertook a meta- analysis of population- 
based seroprevalence studies to estimate SARS- CoV- 2 
seroprevalence in Africa to inform evidence- based decision 
making on public health and social measures (PHSM) and 
vaccine strategy.
Methods We searched for seroprevalence studies conducted 
in Africa published 1 January 2020–30 December 2021 in 
Medline, Embase, Web of Science and Europe PMC (preprints), 
grey literature, media releases and early results from WHO 
Unity studies. All studies were screened, extracted, assessed 
for risk of bias and evaluated for alignment with the WHO Unity 
seroprevalence protocol. We conducted descriptive analyses of 
seroprevalence and meta- analysed seroprevalence differences 
by demographic groups, place and time. We estimated the 
extent of undetected infections by comparing seroprevalence 
and cumulative incidence of confirmed cases reported to WHO.
PROSPERO: CRD42020183634.
Results We identified 56 full texts or early results, reporting 153 
distinct seroprevalence studies in Africa. Of these, 97 (63%) were 
low/moderate risk of bias studies. SARS- CoV- 2 seroprevalence 
rose from 3.0% (95% CI 1.0% to 9.2%) in April–June 2020 to 
65.1% (95% CI 56.3% to 73.0%) in July–September 2021. The 
ratios of seroprevalence from infection to cumulative incidence 
of confirmed cases was large (overall: 100:1, ranging from 18:1 
to 954:1) and steady over time. Seroprevalence was highly 
heterogeneous both within countries—urban versus rural (lower 
seroprevalence for rural geographic areas), children versus adults 
(children aged 0–9 years had the lowest seroprevalence)—and 
between countries and African subregions.
Conclusion We report high seroprevalence in Africa 
suggesting greater population exposure to SARS- CoV- 2 
and potential protection against COVID- 19 severe disease 
than indicated by surveillance data. As seroprevalence was 
heterogeneous, targeted PHSM and vaccination strategies need 
to be tailored to local epidemiological situations.

INTRODUCTION
Africa is experiencing unprecedented chal-
lenges due to the COVID- 19 pandemic, both 
directly and from the compounding effects of 
other health, economic and social factors.1 2 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ There is limited published evidence on the seropreva-

lence of SARS- CoV- 2 in Africa, including one previous 
systematic review and meta- analysis in the general 
population for the continent and global systematic re-
views that under- represent studies in Africa due to 
sparse data.

 ⇒ Recently, in part via WHO’s Unity studies, the quantity 
and quality of available seroprevalence data has in-
creased, providing the opportunity to understand the 
true extent of exposure to SARS- CoV- 2 in Africa, disag-
gregated by demographic groups, place (eg, subregion, 
country) and time.

WHAT THIS STUDY ADDS
 ⇒ Our results indicate a high seroprevalence in Africa 

(65.1%) in July–September 2021, which had increased 
from 3.0% in April–June 2020, and large, persistent 
under- ascertainment of infection based on confirmed 
case- based data.

 ⇒ Our results also indicate considerable heterogeneity in 
seroprevalence within countries and between countries 
and African subregions.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ High, heterogeneous seroprevalence in Africa highlights 
the need for targeted serosurveillance, public health and 
social measures and vaccination strategies tailored to 
the local context, particularly to address geographic and 
demographic vulnerabilities.
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As of 9 February 2022, 11.1 million COVID- 19 cases and 
238 845 deaths were confirmed in the African conti-
nent.3 4 To date, the pandemic has progressed in four 
main waves, with the most recent wave largely due to the 
Omicron variant circulating in a number of countries. 
However, reported data indicate a less severe disease 
profile in Africa compared with other regions globally: 
fewer cases, proportionally fewer patients with severe 
outcomes and death and proportionally more asympto-
matic cases.3 5 6

Precisely estimating COVID- 19 cumulative incidence 
in Africa remains problematic due to challenges in 
contact tracing, routine surveillance systems and labora-
tory testing capacities and strategies in many countries. 
Furthermore, Africa is a large, complex and heteroge-
neous continent with a range of different economies, 
countries impacted by humanitarian crises, vulnerable 
population groups and unique public health challenges. 
With low vaccine coverage in Africa (17% as of 9 February 
2022),7 using seroprevalence data to understand the 
true dynamics of SARS- CoV- 2 infection and case under-
ascertainment is key to map the extent of protection in 
the general population and inform the public health 
response.

SARS- CoV- 2 seroprevalence studies in Africa have 
been under- represented in previous systematic reviews 
and meta- analyses due to sparse seroprevalence data. 
The one previous meta- analysis in Africa8 pooled results 
from studies published to April 2021, which included 
only a small number of studies (n=23 studies) with 
limited geographical coverage and scope (no nationwide 
studies). Seroprevalence data are now emerging from 
completed field investigations, in part enabled by the 
support of the WHO’s Unity Studies. At the start of the 
pandemic, Unity Studies developed a population- based, 
age- stratified seroepidemiological investigation protocol 
(to estimate seroprevalence, named herein as the SERO-
PREV protocol) and supported countries to plan and 
implement robust and standardised seroprevalence 
studies and to analyse and publish their results.9 These 
studies provide us with the opportunity to understand 
SARS- CoV- 2 epidemiology in Africa despite low vacci-
nation coverage and case underascertainment. To note, 
our investigative team has also conducted an analysis of 
studies aligned with the SEROPREV protocol globally, 
including regional comparison, which serves as the foun-
dational source for the methods and analyses further 
developed in this paper10 to provide more detailed anal-
yses for Africa.

We aimed to better understand SARS- CoV- 2 epide-
miology in Africa up to and before the emergence of 
the Omicron variant. We undertook a meta- analysis 
of population- based seroprevalence studies that were 
aligned with WHO’s standardised SEROPREV protocol 
to estimate SARS- CoV- 2 seroprevalence in Africa to 
inform evidence- based decision making on public health 
and social measures (PHSM) and vaccine strategy. Our 
primary objectives were to: (1) estimate SARS- CoV- 2 

seroprevalence and changes over time in Africa as a 
whole and by UN subregions, (2) estimate the extent of 
undetected infections by comparing seroprevalence and 
cumulative incidence of confirmed cases and (3) identify 
heterogeneity in seroprevalence attributable to demo-
graphic factors, country- level factors and study design.

METHODS
Search strategy, selection criteria and data extraction
We conducted a systematic review of seroprevalence data 
sources in the African continent published from 1 January 
2020 to 30 December 2021, reported according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses guideline (online supplemental appendix 
S1). We searched Medline, Embase, Web of Science and 
Europe PMC for published articles, preprints, grey liter-
ature and media reports (online supplemental appendix 
S2). To increase representativeness, we also accepted 
early results from ongoing studies in Africa shared by 
study teams with WHO via a standardised template11 up 
to 5 May 2022, which have been made available on an 
open- access repository.12 This review is registered with 
PROSPERO (CRD42020183634) where further details 
on our search strategy, inclusion criteria, screening and 
extraction protocol are available.13

Full details on our inclusion and exclusion criteria are 
described elsewhere.10 Briefly, we included SARS- CoV- 2 
seroprevalence studies in the general population aligned 
with the WHO SEROPREV protocol9 10 conducted in 
the African continent. We included cohort and cross- 
sectional study designs. We also specified assay perfor-
mance criteria for inclusion of at least 90% sensitivity 
and 97% specificity determined by the manufacturer. 
Exceptions to the assay performance criteria were made 
to accommodate resource limitations in COVID- 19 
emergency humanitarian settings (herein referred to 
as humanitarian response plan (HRP) settings or status, 
defined by the Global COVID- 19 Humanitarian Response 
Plan).14 We excluded studies without a clear numerator 
or denominator; without study dates and seroprevalence 
estimate; studies sampling closed populations (prisons, 
schools, etc); and studies that excluded participants with 
previous COVID- 19 diagnosis or vaccination. Sources 
identified through our search and results submitted 
directly to us through the Unity Studies Initiative were 
screened using the same selection criteria.

Screening was conducted in two stages by two inde-
pendent reviewers: title and abstract screening, followed 
by full- text screening. Conflicts were resolved by a 
third reviewer. Articles selected for inclusion were then 
extracted and verified by two reviewers. In cases where 
sources contained multiple primary estimates of sero-
prevalence (ie, non- overlapping populations, separate 
methodologies, etc), the source (full text) was split into 
multiple individual studies for extraction. Reviewers 
collected information on the source’s key characteristics 
(journal/venue, publication date), study information 
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(demographics, sampling criteria, testing strategy) as 
well as seroprevalence estimates.

Risk of bias assessment
All studies were critically appraised using a modified 
Joanna Briggs Institute (JBI) nine- point checklist for 
seroprevalence studies.15–17 Each study’s JBI rating was 
completed by two independent reviewers. Conflicts 
were resolved by consensus. An automated decision rule 
based on combinations of each reviewer’s JBI checklist 
was applied to determine overall study risk of bias (low, 
moderate or high). This automated decision rule is 
described in detail elsewhere.18

Data synthesis and analysis
Seroprevalence studies were classified by study design, 
sample frame, sampling method, type of serological assay 
and geographic scope (local, subnational or national) 
(online supplemental table S1). We further classified local 
scope into national capitals and other cities or towns over 
or under 300 000 inhabitants (online supplemental table 
S2), based on urban agglomerations defined by the UN.19 
Countries were classified according to the UN’s African 
subregions,20 HRP status,14 and World Bank income 
level. Each round of cohort or repeated cross- sectional 
studies were classified as separate studies. Where there 
were multiple estimates per study unrelated to time, we 
prioritised by adjustment, antibody isotypes, test type 
and antibody targets (full details: online supplemental 
appendix S3.1). To best reflect the period covered by the 
estimate, we anchored each estimate to the date halfway 
between start of sampling and end (‘sampling midpoint 
date’). We also identified studies with seroprevalence esti-
mates by urban and rural areas within cities or towns (as 
defined by study authors), males and females and 10- year 
age groups up to 60 years and over. Data were analysed 
using R statistical software V.4.1.2.21 There was no public 
or patient involvement in this research.

We summarised the characteristics of all identi-
fied studies (dataset 0). We used studies rated low or 
moderate risk of bias to estimate seroprevalence in the 
general population over time and conduct subgroup 
meta- analysis and meta- regression (dataset 1) and 
national studies rated low or moderate risk of bias to 
calculate seroprevalence to cumulative incidence ratios 
(dataset 2). We summarised the proportion of seroposi-
tives in each individual study (dataset 1) by country and 
over time, highlighting the scope of the result and which 
results derived from the same cohort or repeated cross- 
sectional data sources. We summarised other relevant 
variables in each country, including smoothed daily cases, 
cumulative incidence of cases reported to WHO3 and 
relative variant genome frequency shared via the GISAID 
initiative.22 To estimate combined seroprevalence from 
infection or vaccination in the general population, we 
meta- analysed reported seroprevalence overall and by 
UN subregion and quarter of sampling midpoint date 
(period of three calendar months ending on 31 March, 

30 June, 30 September or 31 December) to reduce 
heterogeneity between studies using a random- effects 
model (metaprop in R). We used the Clopper- Pearson 
method to produce 95% CIs reflecting uncertainty.23 24 
To estimate seroprevalence attributable to infection only, 
we adjusted reported seroprevalence using a standard 
formula before pooling studies.25

We also estimated the magnitude by which confirmed 
SARS- CoV- 2 cases underestimated the true burden of 
disease. To do so, we applied our overall meta- analysis 
estimates of seroprevalence from infection to the African 
population26 to estimate true infections and divided 
them by the number of laboratory confirmed cases at the 
time.3 To examine differences by country, we calculated 
the ratio between estimated seroprevalence from infec-
tion and the cumulative incidence of COVID- 19 cases for 
each national study in dataset 2. Finally, to put the ratios 
into context of different health systems across countries, 
we calculated Pearson’s correlation coefficient between 
the underascertainment ratios in each study and four 
indices of national health system functionality (access, 
quality, demand and resilience).27 To estimate asymp-
tomatic seroprevalence, we summarised the proportion 
of seropositives that reported no COVID- 19 symptoms 
during the study period in the aggregated results shared 
by Unity collaborators. We tested for differences in the 
distribution across age and sex groups using the Kruskal- 
Wallis (KW) H- test.

To explore possible causes of heterogeneity among 
study results, we conducted subgroup analysis and meta- 
regression. First, to quantify demographic differences in 
seroprevalence, we calculated the seroprevalence ratio 
between subgroups within each study with available data 
in dataset 1. We compared each 10- year age group to 
adults 20–29 years, males to females and urban to rural 
areas. To produce summary estimates, we aggregated 
the ratios across studies using inverse variance- weighted 
meta- analysis. Heterogeneity was quantified using the I2 
statistic. We also constructed a Poisson generalised linear 
mixed- effects regression to explore associations between 
seroprevalence and study and country factors.28 Inde-
pendent categorical predictors were selected a priori 
as UN subregion, sample frame, geographic scope, low 
or high population density in the study setting (thresh-
olds and sources in online supplemental appendix S3.2) 
and type of serological test. Cumulative incidence of 
confirmed cases was selected as an independent contin-
uous predictor.

Our main analysis used seroprevalence estimates 
uncorrected for test characteristics. As a sensitivity anal-
ysis, we also produced results adjusting for test charac-
teristics through Bayesian measurement error models, 
with binomial sensitivity and specificity distributions. 
The sensitivity and specificity values for correction were 
prioritised from the WHO SARS- CoV- 2 Test Kit Compar-
ative Study conducted at the NRL Australia,29 followed by 
a multicentre evaluation of 47 commercial SARS- CoV- 2 
immunoassays by 41 Dutch laboratories,30 and from 
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independent evaluations by study authors where author- 
designed assays were used.

RESULTS
Selection of studies
We identified 73 348 titles and abstracts in our search 
(figure 1). Of these, 4221 full- text articles were included 
in full- text screening. We identified 56 data sources 
reporting studies aligned with the SEROPREV protocol 
in the African continent, 42 published and 14 aggregated 
results from collaborators, which contained a total of 153 
unique seroprevalence studies (detailed information on 
each study: online supplemental tables S3–S5).

Study characteristics and quality assessment
The 153 identified studies represented 43% (23/54) of 
WHO African Continent Member States (MS).26 The 
data included 9 of 18 MS in Eastern Africa, 1 of 5 MS in 
Southern Africa (South Africa), 7 of 16 MS in Western 
Africa, 5 of 9 MS in Middle Africa, 1 of 6 MS in Northern 
Africa (Egypt) and 59% (n=17/29) of vulnerable HRP 
countries (online supplemental appendix S4, figure 
S1). Early results from Unity study collaborators in nine 

countries made up over one- third (35%, n=53/153) of 
identified studies.

Among the 153 studies included in the descriptive 
analysis (table 1, column 1), 26% (n=40) reported 
results at a national level and 7% at a subnational level. 
The remaining two- thirds of studies reported results 
at a local level, with 26% in the national capital, 7% in 
another major city over 300 000 inhabitants and 32% 
in a smaller city or town under 300 000 inhabitants. Of 
studies reporting results at a local level, 36% indicated 
the city was selected because of suspected high SARS- 
CoV- 2 transmission, 62% mentioned convenience and 
65% mentioned high population density.

Half of the studies used probability sampling (51%) 
and most sampled blood donors (44%, n=68) or house-
holds (46%, n=70). The remaining studies sampled preg-
nant or parturient women (4%, n=6) and residual sera 
from outpatient clinics or primary healthcare facilities 
(6%, n=9). The most common study design was repeated 
cross- sectional (59%). Three studies in three countries 
(Burkina Faso, Mali and South Africa) used a longitu-
dinal cohort design with probability sampling. Among 
the testing strategies used to measure seroprevalence, 
most studies used the Wantai SARS- CoV- 2 Total Ab ELISA 

Figure 1 PRISMA flow diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta- Analyses.
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Table 1 Study characteristics

Dataset 0: all 
studies

Dataset 1: low and moderate 
risk of bias studies

Dataset 2: low and 
moderate risk of bias 
studies; national scope

Used in 
descriptive 
analysis

Used to estimate seroprevalence 
over time and identify 
associated factors

Used to estimate 
ascertainment

Study characteristic n=153* n=97* n=38*

World Bank income level

  Low- income country 96 (63) 54 (56) 24 (63)

  Lower middle income country 33 (22) 22 (23) 11 (29)

  Upper middle income country 24 (16) 21 (22) 3 (7.9)

  High- income country 0 (0) 0 (0) 0 (0)

Humanitarian response plan (HRP)

  Vulnerable HRP country 63 (41) 51 (53) 10 (26)

UN subregion

  Eastern Africa 103 (67) 54 (56) 26 (68)

  Southern Africa 22 (14) 20 (21) 2 (5.3)

  Western Africa 18 (12) 17 (18) 8 (21)

  Middle Africa 8 (5.2) 6 (6.2) 2 (5.3)

  Northern Africa 2 (1.3) 0 (0) 0 (0)

Source type

  Journal article (peer reviewed) 71 (46) 30 (31) 5 (13)

  Preprint 13 (8.5) 8 (8.2) 4 (11)

  Presentation, conference or institutional 
report

16 (10) 7 (7.2) 0 (0)

  Early results from Unity study collaborators 53 (35) 52 (54) 29 (76)

Geographic scope

  National 40 (26) 38 (39) 38 (100)

  Subnational 10 (6.5) 9 (9.3) –

  Capital city 40 (26) 16 (16) –

  Other city or town >3 00 000 people 11 (7.2) 4 (4.1) –

  Other city or town <3 00 000 people 49 (32) 28 (29) –

  Multiple cities or towns 3 (2.0) 2 (2.1) –

Study population

  Blood donors 68 (44) 22 (23) 22 (58)

  Residual sera 9 (5.9) 4 (4.1) 2 (5.3)

  Household and community samples 70 (46) 70 (72) 14 (37)

  Pregnant or parturient women 6 (3.9) 1 (1.0) 0 (0)

Sampling method

  Convenience 59 (39) 18 (19) 3 (7.9)

  Probability 78 (51) 77 (79) 33 (87)

  Sequential 16 (10) 2 (2.1) 2 (5.3)

Study design

  Cross- sectional survey 42 (27) 35 (36) 13 (34)

  Prospective cohort 19 (12) 19 (20) 0 (0)

  Repeated cross- sectional study 90 (59) 43 (44) 25 (66)

  Retrospective cohort 2 (1.3) 0 (0) 0 (0)

Continued
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procured by WHO for standardisation (28%, n=43), 
other ELISA (33%, n=50) or chemiluminescent immuno-
assay (CLIA) (24%, n=37) assays. Sixteen studies used a 
lateral flow immunoassay (LFIA) (10%). Six studies (4%) 
had more than 5% of the national population vaccinated 
by the sampling midpoint. The most frequent risk of 
bias rating was moderate (40%, n=61), followed by high 
(37%, n=56) and low risk of bias (24%, n=36). Risk of 
bias ratings for individual studies are reported in online 
supplemental table S6.

Ninety- seven studies with low (37%, n=36) or moderate 
(63%, n=61) risk of bias (dataset 1) were included in the 
subsequent results.

Seroprevalence and its geographic and temporal variation
Seroprevalence ranged from 0% to 87% in all studies. For 
countries in Eastern and Southern Africa, this range was 
0% in a national blood donor study in Malawi conducted 
in January 202031 to 73% in a local household sample 
in Addis Ababa, Ethiopia in April 2021.32 For countries 
in Western and Middle Africa, this was 3% in a national 
household sample in Sierra Leone, March 2021,33 to 87% 
in a national household sample in Gabon, December 
2021.34

There was considerable variation in reported seroprev-
alence in the 20 countries in dataset 1 (online supple-
mental figure S2). Countries with notable cohort or 
repeated cross- sectional studies (Malawi, Kenya, Ghana 
and South Africa) are highlighted in figure 2, indicating 
sharp increases in seroprevalence in the general popula-
tion over time (figure 2).

Pooled seroprevalence from infection or vaccination (random-
effects model)
In the random- effects model, the pooled seroprevalence 
from infection or vaccination across Africa rose from 
3.0% (95% CI 1.0% to 9.2%) (number of samples=6, 
I2=96.0) as of Q2 2020 to 65.1% (95% CI 56.3% to 73.0%) 
(n=8, I2=98.6) as of Q3 2021.

Subregional meta- analyses were conducted for each 
quarter from Q2 2020 to Q3 2021, the period with avail-
able data (figure 3 and online supplemental table S7). 
Pooled seroprevalence was 70.1% (95% CI 64.6% to 
75.1%) (n=1) in Eastern Africa, 56.1% (95% CI 44.6% to 
66.9%) (n=4) in Southern Africa, 73.3% (95% CI 64.2% 
to 80.9%) (n=2) in Western Africa and 75.5% (95% CI 
72.4% to 78.3%) (n=1) in Middle Africa as of Q3 2021.

Dataset 0: all 
studies

Dataset 1: low and moderate 
risk of bias studies

Dataset 2: low and 
moderate risk of bias 
studies; national scope

Used in 
descriptive 
analysis

Used to estimate seroprevalence 
over time and identify 
associated factors

Used to estimate 
ascertainment

Serological test type

  CLIA 37 (24) 34 (35) 2 (5.3)

  WHO- procured standardised ELISA (Wantai 
SARS- CoV- 2 Total Ab ELISA)

43 (28) 35 (36) 30 (79)

  Other ELISA 50 (33) 7 (7.2) 4 (11)

  LFIA 16 (10) 15 (15) 2 (5.3)

  Multiple types 5 (3.3) 4 (4.1) 0 (0)

  Other 2 (1.3) 2 (2.1) 0 (0)

Overall risk of bias

  Low 36 (24) 36 (37) 25 (66)

  Moderate 61 (40) 61 (63) 13 (34)

  High 56 (37) – –

Percent vaccinated at sampling midpoint

  0% 129 (84) 75 (77) 26 (68)

  Above 0% up to 5% 18 (12) 16 (16) 10 (26)

  Above 5% up to 10% 4 (2.6) 4 (4.1) 2 (5.3)

  Above 10% 2 (1.3) 2 (2.1) 0 (0)

*n (%).
†United Nations, Department of Economic and Social Affairs, Population Division (2018). World Urbanization Prospects: The 2018 Revision, 
Online Edition. File 13: Population of Capital Cities in 2018 (thousands) and File 16: Percentage of the Total Population Residing in Each 
Urban Agglomeration with 300 000 Inhabitants or More in 2018, by Country, 1950–2035.
CLIA, chemiluminescent immunoassay; ELISA, enzyme- linked immunosorbent assay; LFIA, lateral flow immunoassay.

Table 1 Continued
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Ratios of seroprevalence to cumulative incidence
There was considerable variation by country in the ratios of 
seroprevalence from infection (based on national studies) 
to cumulative incidence (online supplemental table S8). 
Ratios across all studies ranged from 18:1 to 954:1, with 
the highest underascertainment from 2020 Q4 to 2021 
Q3 found in Nigeria (954:1, July 2021) and Malawi (696:1, 
October 2020) and the lowest in Sierra Leone (57:1, March 
2021) and South Africa (18:1, March 2021). The ratios were 
moderately negatively correlated with health system access 
(Pearson’s r=−0.70), demand (−0.60) and resilience (−0.60). 
Health system quality was weakly negatively correlated with 
underascertainment (−0.26). Applying our overall estimated 
seroprevalence from infection to the African population 

suggests that true infections were 100 (95% CI 83 to 115) 
times larger than confirmed cases as of September 2021 
(827 million estimated infections compared with 8.2 million 
confirmed cases).

Demographic, study and country factors associated with 
seroprevalence
The percentage of seropositive individuals who did not 
report symptoms prior to sampling (asymptomatic seroprev-
alence) overall and by age and sex subgroups for 15 studies 
reporting symptoms are shown in online supplemental 
figure S3. Asymptomatic prevalence in Africa was 71.0% 
overall (IQR 48.4%–80.8%, n=15). Median asymptomatic 
prevalence was similar across age groups, ranging from 

Figure 2 Reported seroprevalence, variants of concern and cumulative incidence by selected countries over time, March 
2020–December 2021. Plots for all countries are reported in online supplemental figure S2. Top panel, left axis: shaded 
areas represent the relative frequency of major variants of concern (VOCs) circulating, based on weekly counts of hCoV- 19 
genomes submitted to GISAID (Global Initiative on Sharing Avian Influenza Data) that we have aggregated by month. Weeks 
with fewer than 10 total submissions in a given country were excluded from the analysis. Top panel, right axis: daily confirmed 
cases reported to WHO on a national level per million people, smoothed using local regression (Locally Estimated Scatterplot 
Smoothing, LOESS). Middle panel: each point is an individual seroprevalence study, and identical shapes represent studies 
originating from the same cohort or repeated cross- sectional data source. Bottom panel: cumulative incidence of confirmed 
cases per 100 people.
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53.2% in ages 60+ years to 71.3% in ages 20–29 years (KW 
H- test p=0.64). Median asymptomatic prevalence in males 
was 73.6%, compared with 68.1% in females (KW H- test 
p=0.51).

Within studies, seroprevalence was lower for children 0–9 
years compared with aged 20–29 years (prevalence ratio 
(PR) 0.73 (0.67–0.80)). There were no differences between 
other age groups and 20–29 years, nor between males and 
females (figure 4). Compared with urban geographical 
areas, seroprevalence was lower for rural geographical areas 
(PR 0.60 (0.47–0.76)).

In the meta- regression, high population density was asso-
ciated with an increase in seroprevalence compared with 
studies in areas of low population density (PR 1.89 (1.19–
2.98)). Compared with Southern Africa, Eastern Africa (PR 
2.15 (1.08–4.28)), Western Africa (PR 5.34 (2.12–13.46)) 
and Middle Africa (PR 4.52 (1.52–13.49)) were associated 
with higher seroprevalence. Higher cumulative incidence 
of confirmed cases was associated with an increase in sero-
prevalence (PR 1.40 (1.23–1.59)). Compared with studies 
that sampled households and communities, there were no 

differences between seroprevalence in studies that sampled 
blood donors nor residual sera. Finally, lateral flow assays 
were associated with lower seroprevalence compared with 
CLIA assays (PR 0.14 (0.07–0.28)), while there were no 
differences between ELISA nor other assays compared with 
CLIA assays, respectively.

Sensitivity analysis
Sensitivity analyses accounting for serological test perfor-
mance from independent test kit evaluations showed no 
qualitative differences from the primary results (online 
supplemental figures S4–6). For example, overall seroprev-
alence in Q3 2021 using corrected estimates was 67.1% 
(58.5%–74.7%), compared with 65.1% (56.3%–73.0%) 
using uncorrected estimates.

DISCUSSION
We estimate that overall seroprevalence is high in Africa 
(65.1% (56.3%–73.0%) in Q3 2021) and has risen 
considerably over time, from 3.0% (1.0%–9.2%) in Q2 

Figure 3 Pooled seroprevalence from infection or vaccination (random- effects model) by UN subregion and quarter, Q3 2020–
Q3 2021. Point estimates and 95% CIs (error bars) are reported for each quarter, as well as the number of samples pooled (n).
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2020, marked by sharp increases after the emergence of 
the Beta and Delta variants. Seroprevalence was highly 
heterogeneous both within countries—urban versus 
rural (lower seroprevalence for rural geographic areas), 
children versus adults (children aged 0–9 years had the 
lowest seroprevalence)—and between countries and 
African subregions (Eastern, Western and Middle Africa 
regions associated with higher seroprevalence). Our 
results suggest that the ratio of seroprevalence to cumu-
lative incidence of confirmed cases is large (100:1 (83:1- 
115:1)) in Africa overall, varying from 18:1 to 954:1 by 
country over the study period.

Strengths and limitations
Previous assessments of COVID- 19 seroprevalence studies 
highlight methodological heterogeneity as a key barrier 
to synthesising data.35–37 The dataset meta- analysed here 

is standardised, representative and granular, enabling 
unique insights into extrapolating seroprevalence in 
Africa. Recently, in part via WHO’s Unity Studies Initi-
ative, more seroprevalence data have become available, 
disaggregated by demographic groups (age, sex), place 
(eg, subregion, country) and time (quarterly periods). In 
line with the equity principles of the Unity Studies Initi-
ative, our dataset 1 included a broad range of studies in 
low- income countries (56%, n=54), lower middle income 
countries (LMICs) (23%, n=22) and vulnerable HRP 
countries (53%, n=51). Over one- third of studies were 
conducted at the national level, which is unique to this 
analysis. Unity study collaborators shared evidence, facil-
itating geographic coverage, timeliness, and reducing 
publication bias. Additionally, standardised epidemio-
logical and serological methods (including the supply 

Figure 4 Factors associated with seroprevalence. Top panel: meta- analysis results. We calculated the ratio in prevalence 
between subgroups within each study then aggregated the ratios across studies using inverse variance- weighted random- 
effects meta- analysis. Heterogeneity was quantified using the I2 statistic. Each row represents a separate meta- analysis. 
Bottom panel: multivariable analysis using a Poisson generalised linear mixed- effects regression to model seroprevalence. 
CLIA, chemiluminescent immunoassay; cumulative incidence, cumulative incidence of confirmed cases per 100 people; ELISA, 
enzyme- linked immunosorbent assay; LFIA, lateral flow immunoassay; PR, prevalence ratio.
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of a well- performing assay to LMIC) enabled through 
the Unity Studies Initiative means that the estimates 
included in our meta- analysis are robust and comparable. 
Finally, recognising that assay performance is a key deter-
minant of seroprevalence in light of no gold standard 
for SARS- CoV- 2 antibody testing, we linked our data to 
independent test kit evaluations29 30 of serological assay 
performance to correct seroprevalence estimates in a 
sensitivity analysis, helping ensure the robustness of our 
results to this source of bias.

This review should be considered in light of its limita-
tions. First, while our dataset is more representative 
than studies published early in the pandemic, our meta- 
analysis estimates are extrapolated to the African conti-
nent from countries with seroprevalence studies and 
should be interpreted with some caution. In certain quar-
ters, estimates were driven by countries with a dispropor-
tionate number of studies, often in the same population 
over time, in Eastern Africa (Ethiopia: 17 studies, Malawi: 
20 studies), Southern Africa (South Africa: 20 studies) 
and Western Africa (Ghana: 4 studies, Nigeria: 7 studies). 
Other subregions were under- represented due to scarce 
data (eg, no studies in North Africa, five studies in Middle 
Africa). Second, many local studies (29% in a city/town 
<300 000 people) were included in our estimates of sero-
prevalence over time (dataset 1). These studies may not 
reflect the seroprevalence across an entire country: local 
studies are often conducted in large, dense and intercon-
nected urban centres to investigate suspected high trans-
mission or for convenience. Indeed, our results show 
that local urban areas are associated with higher sero-
prevalence estimates. Third, our results are based only 
on studies aligned with the SEROPREV protocol, and 
these may differ if using studies with other criteria. The 
SEROPREV protocol is broad, requiring a defined popu-
lation, age standardisation and a robust test, which tend 
to be indicators of higher quality seroprevalence studies. 
Based on studies identified through SeroTracker’s living 
systematic review, only 11 general population studies 
in Africa at low or moderate risk of bias were excluded 
from this study because they did not meet the eligibility 
criteria, and thus would likely have minimal impact on 
the main findings.38 Fourth, we did not account for anti-
body waning, so the present study likely underestimates 
the true extent of past infection; similarly, case underas-
certainment is likely to be underestimated. Finally, due to 
delays in releasing seroprevalence study results, we could 
not produce estimates for Q4 2021, including since the 
emergence of the Omicron variant.

Methodological quality of the included studies
We evaluated study risk of bias using a validated, 
seroprevalence- specific tool based on the JBI Check-
list for seroprevalence studies18 and found that 37% 
of studies were at high risk of bias. The most common 
reasons for this included an unrepresentative sample 
frame, non- probability sampling and not adjusting esti-
mates for population characteristics. We found a higher 

proportion of high- risk studies in our study compared 
with another systematic review and meta- analysis in Africa 
(26%) by Chisale et al.8 The interpretation of items in the 
JBI checklist is subjective and can vary considerably within 
and between study teams. Moreover, Chisale et al. evalu-
ated overall risk of bias by summing each item’s score; the 
automated decision rule in our tool puts more weight on 
items more likely to bias results, such as whether a repre-
sentative sample frame was chosen and a well- performing 
antibody test was used.18

To minimise the risk of bias in our summary estimates, 
we included only studies at low/moderate risk in our meta- 
analysis of seroprevalence in the general population over 
time, subgroup meta- analysis and meta- regression, and 
case ascertainment estimates. Despite this effort, there 
are still methodological differences between the meta- 
analysed studies that may reduce their comparability. 
For example, one fifth of studies in our analysis dataset 
(19%, n=18/97) were convenience samples, which are 
less representative than population- based probability 
samples. To limit this bias, we required SEROPREV- 
aligned convenience samples to have a clearly defined 
sample frame (ie, sampling of volunteers excluded).

Context
The pooled seroprevalence in Africa estimated in this 
study (65.1% in Q3 2021) is among the highest in the 
world (comparable to the Southeast Asia region).10 
With vaccination coverage in Africa being low during 
the study period (6.8% as of September 2021),7 this 
was mostly driven by infections. Our time- specific and 
region- specific estimates shed light on the trajectory of 
the pandemic. Of interest, we observe sharp increases in 
seroprevalence in 2021 in certain countries and regions, 
signifying the considerable number of infections caused 
by more transmissible variants22: for example, an increase 
from 11% (December 2020) to 65% (April 2021) sero-
prevalence in Malawi following the emergence of the 
Beta variant, and 26% (May 2021) to 60% (September 
2021) in rural South Africa following Delta variant emer-
gence. While case counts also increased during this time, 
this systematic comparison of seroprevalence data from 
different countries demonstrates the inexorable spread 
of infection in regions with limited or variable PHSM39 
and vaccination roll- out, particularly where highly trans-
missible variants are circulating.

One possible explanation for high seroprevalence is 
potential cross- reactivity of antibodies against Plasmo-
dium falciparum or common cold coronaviruses (CCCs). 
In areas of Africa with a high incidence of malaria,40 41 
malaria cross- reactivity could follow two potential mech-
anisms: (A) SARS- CoV- 2 antibody tests falsely reacting in 
malaria hyperendemic areas,42 or (B) cross- protection 
through CD8+ T cell activation from P. falciparum anti-
gens.43 Broad anti- CCC antibodies have been identified 
following SARS- CoV- 2 infection and vaccination.44 45 The 
exact role of cross- reactivity on seroprevalence estimates 
warrants further investigation.
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In multivariable analysis, seroprevalence was heteroge-
neous between subregions: higher in Eastern, Western 
and Middle Africa compared with Southern Africa. The 
exact reasons for this heterogeneity remain unknown but 
could be related to mitigation strategy, health infrastruc-
ture and the effectiveness of PHSM implementation. 
The capacity to isolate has been shown to vary greatly in 
Africa,46 and challenges have been reported with social 
distancing in the Western and Middle subregions, espe-
cially in high density areas.47 48 This is also consistent with 
findings by Chisale et al.,8 who observed higher seroprev-
alence in studies conducted in Central Africa compared 
with other regions.

We observed heterogeneity within countries by age 
group and urban/rural geography. We observed lower 
seroprevalence in children 0–9 years, perhaps attribut-
able to milder infections in this group, which are asso-
ciated with lower antibody titres,49 and school closures, 
which have been common and lengthy in some African 
countries.50 In contrast to our global analysis,10 we did not 
find lower seroprevalence in adults 60+ years compared 
with adults 20–29 years. These results may be due to 
increased intergenerational mixing at the household 
level, as prior research in Africa has shown that house-
holds sharing space with persons aged 60+ years may have 
increased transmission risk.46 We also found lower sero-
prevalence was associated with rural geographical areas 
compared with urban areas, in line with other hypotheses 
and modelling associating rural areas with a potentially 
lower spread of infection due to decreased population 
density.51

The use of LFIA assays was associated with lower sero-
prevalence estimates compared with CLIA assays in the 
meta- regression. This may be explained by the lower 
sensitivity of LFIA, which can lead to more false negatives 
and underestimated seroprevalence.52

We observed greatly varying ratios between seropreva-
lence to cumulative confirmed case incidence by country, 
ranging from 18:1 in South Africa to 954:1 in Nigeria. 
The large fraction of asymptomatic cases in Africa is one 
possible reason for this; our estimates suggest that 71.0% 
(IQR 48.4%–80.8%) of cases have no symptoms, which 
accords with previous work documenting higher rates of 
asymptomatic infections in Africa compared with other 
regions.37 53 Underascertainment is well documented in 
African countries with low capacity for surveillance and 
laboratory testing,5 and indeed, lower levels of under-
ascertainment were observed in countries with higher 
health system functionality indices. We estimate larger 
ratios compared with other parts of the world during the 
same period.10

Implications for practice, policy and future research
In contrast to routine surveillance data that rely on 
case reports, recently available seroprevalence studies 
have provided a more accurate understanding of the 
true extent of SARS- CoV- 2 infection across Africa, amid 
low vaccine coverage. There is a need to strengthen 

surveillance infrastructure for priority diseases, including 
collaborative government researcher efforts and timely 
reporting mechanisms. Seroprevalence data need to 
be used alongside other sources of epidemiological 
data for policy decision making. This will collectively 
inform effective and tailored disease prevention control 
programmes, which must be deployed alongside other 
investments in public health and health system strength-
ening (eg, trained and motivated health workers, a well- 
maintained infrastructure and a reliable supply of medi-
cines and technologies) to support their implementation 
and uptake in Africa for COVID- 19 and other future or 
existing infectious disease threats.

The geographic distribution of early unpublished 
results shared with WHO for inclusion in this systematic 
review and meta- analysis demonstrates the need for stan-
dardised initiatives to help build enhanced surveillance 
and research capacity in LMIC. In this study, there were 
only two SEROPREV- aligned studies in Northern Africa 
(both in Egypt) identified here. Several populous and/or 
HRP countries lack study results to determine seropreva-
lence in the general population (eg, Ethiopia: no nation-
wide study results available since July 2020; Angola and 
the Democratic Republic of the Congo (DRC): no nation-
wide study results; Algeria, United Republic of Tanzania, 
Morocco, Somalia and Tunisia: no nationwide or local 
study results). Furthermore, there were no results avail-
able from island nations. We are aware of studies ongoing 
in some of these countries, emphasising the importance 
of open data practices, sharing early results, and collation 
and analysis of timely data. Improved quality and transpar-
ency of reporting studies would also help address this54: 
several studies were excluded from this systematic review 
and meta- analysis due to insufficient information (eg, no 
denominator stated, no end date stated, setting unclear).

Given the burden of SARS- CoV- 2 varies across regions 
in Africa, there is also a need for studies representing 
different contexts (eg, heterogeneous access to health 
services, fragile environments, HRP countries) and 
vulnerable populations (eg, those with endemic infec-
tions like HIV and comorbidities, those living in high 
density urban settlements and refugee populations). 
Furthermore, there is a need to continue studying popu-
lation differences in SARS- CoV- 2 infection (eg, age, sex, 
geography, race, etc) to identify susceptible subpopula-
tions to inform priorities for vaccination coverage and 
prevention and control measures. There is sparse data 
over time in many countries, which indicates a need 
to conduct more spatiotemporal studies (eg, longitu-
dinal cohort, repeated cross- sectional). The use of well- 
designed convenience samples can help achieve this; for 
example, studies in blood donors represented over half 
of identified samples that used a cohort or repeated cross- 
sectional design (56%, n=70/124). Our results suggest 
that blood donors are a good proxy for the general 
population, as we found no statistical difference between 
seroprevalence estimates in blood donors and those in 
households and communities.
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Population- based seroprevalence studies primarily 
give a reliable estimate of the exposure to SARS- CoV- 2 
infection in the general population. Where studies 
measure antibodies quantitatively, they can also esti-
mate correlates for protection against infection.55 
The risk of reinfection with the Omicron variant is 
reported to be much higher than for previous variants 
in both SARS- CoV- 2 infected and vaccinated individ-
uals.56 This implies that the presence of SARS- CoV- 2 
antibodies may no longer be a correlate of protection 
against infection for Omicron. However, seropreva-
lence estimates remain indicative of some protection 
against severe disease, as cellular immunity is unlikely 
to be affected even in the case of highly mutated vari-
ants such as Omicron.57 Research on the protective 
effectiveness of seroprevalence against disease severity, 
and the degree and durability of protection against 
Omicron, is limited and warrants further investigation.

Conclusion
This updated meta- analysis in Africa provides robust 
and representative seroprevalence results from over 
40% of the continent’s MS, enabled through the 
standardisation and adaptability of the WHO Unity 
Studies. The substantial underascertainment of SARS- 
CoV- 2 infection indicates that the majority of cases 
of SARS- CoV- 2 in Africa are not captured by national 
surveillance systems, emphasising the continued need 
for comparable, aggregated and timely seropreva-
lence data that accounts for changing vaccination 
coverage. Our work provides a platform to develop 
Africa’s surveillance portfolio, building on existing 
local capacity to enable targeted and regular sero-
prevalence studies in a network of sentinel countries. 
This should focus on identifying susceptible popula-
tions and monitoring them over time for the prioriti-
sation of PHSM and vaccination in- line with country 
policy.58 SARS- CoV- 2 seroprevalence is high and 
heterogenous in Africa, suggesting greater popula-
tion exposure to SARS- CoV- 2 and potential protection 
against COVID- 19 severe disease than has been previ-
ously indicated by confirmed case data and vaccine 
coverage. As such, PHSM and vaccination strategies 
tailored to local settings and specific populations are 
warranted.
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