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Background. The extent of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) exposure and transmission in Mali 
and the surrounding region is not well understood. We aimed to estimate the cumulative incidence of SARS-CoV-2 in 3 communi-
ties and understand factors associated with infection.

Methods. Between July 2020 and January 2021, we collected blood samples and demographic, social, medical, and self-reported 
symptoms information from residents aged 6 months and older over 2 study visits. SARS-CoV-2 antibodies were measured using a 
highly specific 2-antigen enzyme-linked immunosorbent assay optimized for use in Mali. We calculated cumulative adjusted sero-
prevalence for each community and evaluated factors associated with serostatus at each visit by univariate and multivariate analysis.

Results. Overall, 94.8% (2533/2672) of participants completed both study visits. A total of 31.3% (837/2672) were aged <10 years, 
27.6% (737/2672) were aged 10–17 years, and 41.1% (1098/2572) were aged ≥18 years. The cumulative SARS-CoV-2 exposure rate 
was 58.5% (95% confidence interval, 47.5–69.4). This varied between sites and was 73.4% in the urban community of Sotuba, 53.2% 
in the rural town of Bancoumana, and 37.1% in the rural village of Donéguébougou. Study site and increased age were associated 
with serostatus at both study visits. There was minimal difference in reported symptoms based on serostatus.

Conclusions. The true extent of SARS-CoV-2 exposure in Mali is greater than previously reported and may now approach hy-
pothetical “herd immunity” in urban areas. The epidemiology of the pandemic in the region may be primarily subclinical and within 
background illness rates.
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Many African nations have seemingly been spared the over-
whelming burden of disease seen in other countries during 
the first waves of the coronavirus disease 2019 (COVID-19) 
pandemic. This may be related to a younger population age 
structure and other hypothetical but undefined host or viro-
logical factors [1, 2]. The true extent of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) infection in many 
African nations is likely to be greater than previously reported. 
Understanding the extent of infection and burden of disease is 
critical to allocate limited public health resources, including 
vaccines. Case numbers may be underestimated because of 

paucisymptomatic infections as well as restrictions in health-
care access and diagnostic capacity.

Serosurveillance is a convenient and potentially powerful 
tool for population-based monitoring of SARS-CoV-2 infec-
tion. Despite the numerous seroassays available, many have not 
been qualified for use in populations under study nor reporting 
methods standardized. This is particularly relevant in sub-Sa-
haran Africa, where the high infectious disease burden may af-
fect serology interpretation [3–6] and laboratory infrastructure 
is often limited.

Using commercial point-of-care tests, serosurveillance 
throughout 2020 has identified gradually increasing seroprev-
alence rates in several West African countries [7–9]. Surveys 
elsewhere on the continent using laboratory-based single an-
tigen ELISA have found similarly increasing seroprevalence 
[10–12]. These results suggest that SARS-CoV-2 is circulating 
throughout Africa in a largely unquantified community reser-
voir of transmission.

We sought to determine the age-specific cumulative inci-
dence of SARS-CoV-2 infection in longitudinal cohorts at 
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urban and rural sites in Mali, using a two-antigen enzyme-
linked immunosorbent assay (ELISA) previously optimized 
for the local population [6]. In addition, we examined the 
association of social and medical factors with serostatus, 
compared seropositivity with seroconversion episodes to 
further assess assay performance, and characterized the lon-
gitudinal dynamics of the antibody response to each of the 
target antigens.

METHODS

Study Design and Population

This prospective cohort study was adapted from the World 
Health Organization population-based, age-stratified 
seroepidemiological investigation protocol for COVID-19 
virus infection, version 1.1 [13]. We assessed individuals aged 
6 months or older from 3 communities in Mali for anti-SARS-
CoV-2 antibodies. The participating communities were Sotuba 
(urban), Bancoumana (rural town), and Donéguébougou (rural 
village) (Supplementary Figure 1, Supplementary Text 1). Each 
site has an existing Malaria Research and Training Center/
National Institutes of Health study facility engaged with the 
local community. Community members including those en-
rolled in existing malaria studies were invited to participate.

Ethics Statement

The study was conducted as a public health surveillance ac-
tivity under the Malian Ministry of Health and was approved 
by the ethics committee of Facultes de Medicine/d’Odonto-
Stomatologie et de Pharmacie (2020/114/CE/FMOS/FAPH) and 
the Malian COVID-19 Scientific Review Committee. Written 
informed consent or assent was obtained from all participants.

Procedures

Participants were invited to 2 study visits. Visit 1 occurred at 
enrollment commencing 28 July 2020 and visit 2 occurred 
commencing 14 December 2020. Demographic, medical co-
morbidity, social, and symptoms information were collected 
(Supplementary Text 2). Infants aged 6–12  months were 
coenrolled with participating mothers. At each visit, a venous 
blood sample was collected. Data were collected and stored 
using REDCap. Participants received a reusable mask supplied 
by the Ministry of Health and were requested to observe site 
infection control procedures.

Sera were tested for immunoglobulin G antibodies to 
HEK293-expressed SARS-CoV-2 spike protein (VRC-
SARS-CoV-2 S-2P-3C-His8-Strep2x2) and receptor binding 
domain (RBD) protein (Ragon-SARS-CoV-2 S-RBD(319–
529)-3C-His8-SBP) at the Malaria Research and Training 
Center/Department of Epidemiology of Parasitic Diseases  
Immunology Laboratory using a reference ELISA [14]. The 
ELISA was optimized for use in Mali by testing 312 nega-
tive control samples, 23 positive control samples, assessing 

for cross-recognition with other betacoronaviruses, and 
establishing population-specific cutoffs as previously described 
[6]. Seropositivity was defined as spike protein and RBD assay 
absorbance values (optical density) above antigen cutoffs. The 
estimated sensitivity and specificity of these cutoffs was 73.9% 
(51.6–89.8) and 99.4% (97.7–99.9), respectively [6]. All sam-
ples were tested in duplicate alongside plate negative (pooled 
prepandemic Malian sera) and positive controls (monoclonal 
antibody CR3022) by trained laboratory staff. Samples with 
discordant duplicate results (>20%) or results around assay 
cutoffs were repeated and concordant results included.

Statistical Analysis

The sample size was based on pragmatic factors, with a provisional 
target of 500–1000 participants per site to allow age stratification 
[13]. Seroprevalence and 95% confidence intervals (CIs) for each 
site were calculated for each visit. Seroprevalence estimates were 
adjusted using two methods. First, results for each site were strati-
fied by age group (<10 years, 10–17 years, ≥18 years) and weighted 
for community age structure and size using available census data 
(Supplementary Figure 2). Second, results were adjusted for test 
sensitivity and specificity [15]. The cumulative adjusted SARS-
CoV-2 exposure prevalence at visit 2 was estimated by including 
seropositive cases from visit 1 that had seroreverted at visit 2 before 
applying adjustments. The daily rate of infection was estimated by 
calculating the adjusted incidence of new cases between visit 1 and 
visit 2 and dividing this number by the median number of days 
between visits. Chi-square tests were used to test for differences be-
tween site seroprevalence estimates.

Exploratory Analyses

To assess assay performance, seroconversion episodes were as-
sessed in participants with prepandemic blood samples avail-
able and compared with seropositivity using antigen cutoffs 
(Supplementary Text 3, Supplementary Figure 4).

Effects of selected covariates on serostatus were modeled 
by multiple logistic regression. Site, age, sex, and self-reported 
symptoms (by category) were included a priori. Other covariates 
were selected based on univariate analysis of seronegative and 
seropositive groups at each visit, using a P value threshold of .05. 
Two-sided Fisher exact tests were used for categorical variables, 
and unpaired 2-tailed t tests for continuous variables. Similar 
covariates were grouped by category (i.e., nausea/vomiting, ab-
dominal pain, and diarrhea were grouped as gastrointestinal 
symptoms).

In participants confirmed seropositive at visit 1, the pro-
portion of seroreversions at visit 2, and the rate of change of 
SARS-CoV-2 spike and RBD absorbance values (optical den-
sity/100  days) were also calculated (Supplementary Text 4, 
Supplementary Tables 5 and 6).

In a subset of adult participants coenrolled in clinical trials, 
adverse events recorded during the study period were analyzed 
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to discern clinical presentations of COVID-19 (Supplementary 
Text 5, Supplementary Tables 7 to 10).

Statistical analysis was performed with Microsoft Excel and 
GraphPad Prism 9 software.

RESULTS

Study Population

Among 2673 individuals screened, 2672 were enrolled at 3 study 
sites (Figure 1). The study population was relatively young with 
very few comorbidities (Table 1). At each site, a large propor-
tion of participants were children, reflecting the age structure 
of the overall Malian population (Supplementary Figure 2). The 
median age was 14 years (interquartile range 8–31 years). No 
participant reported a personal history of COVID-19 diagnosis 
or household member with COVID-19 diagnosis at enrollment.

Seroprevalence of SARS-CoV-2 Antibodies

The adjusted seroprevalence of SARS-CoV-2 antibodies across 
all sites at visit 1 (July–October 2020) was 10.9% (95% CI, 8.1–
13.6) and increased markedly to 54.7% (95% CI, 44.4–65.0) at 
visit 2 (December 2020–January 2021) (Figure 2). Accounting 
for seroreversions between visits, the cumulative adjusted SARS-
CoV-2 exposure prevalence across all sites at visit 2 was 58.5% 
(95% CI, 47.5–69.4) and the estimated infection rate was 0.41%/d. 

This represents an approximately 1% population infection rate 
every 3  days between July 2020 and January 2021 (Table 2).  
The rate of SARS-CoV-2 antibody detection was highest in 
the urban site of Sotuba, versus the more rural township of 
Bancoumana, and the rural village of Donéguébougou, where it 
was lowest (visit 1: P < .0001, visit 2: P < .0001, Figure 2, Figure 
3, Supplementary Table 1, Supplementary Figure 3). At each 
site, seroprevalence increased with age group (Supplementary 
Table 2). In Sotuba, visit 2 seroprevalence was 77.2% (95% CI, 
61.5–92.9) in participants aged 18 years or older. Although chil-
dren aged < 10 years had the lowest rate of SARS-CoV-2 anti-
body detection, there was evidence of increasing exposure over 
time in this age group at all sites.

Factors Associated With SARS-CoV-2 Serostatus

Factors associated with SARS-CoV-2 serostatus were evalu-
ated by univariate analysis followed by multiple logistic re-
gression for both visits. Covariates associated with serostatus 
at visit 1 by univariate analysis were female sex, age, partici-
pant employment at a healthcare facility, household member 
employment at a healthcare facility, household size, and self-
reporting of any symptoms, systemic symptoms, fever, chills, 
myalgia, respiratory symptoms, or gastrointestinal symptoms 
since March 2020 (Supplementary Table 3). Following regres-
sion, age in years (odds ratio [OR] 1.01; 95% CI, 1.00–1.02), 
study site Sotuba (OR 2.61; 95% CI, 1.76–3.89), and partic-
ipant employment at a healthcare facility (OR 2.47; 95% CI, 
1.13–4.90), remained associated with seropositivity (Figure 
4). Covariates associated with serostatus at visit 2 (assessing 
new seropositive cases only) by univariate analysis were age, 
household member employment at a healthcare facility, any 
medical comorbidity, self-reported systemic symptoms, chills, 
fatigue, and respiratory symptoms since visit 1 (Supplementary 
Table 4). Following regression, age in years (OR 1.02; 95% CI, 
1.01–1.02), study site Sotuba (OR 1.35; 95% CI, 1.06–1.73), 
and study site Donéguébougou (OR 0.60; 95% CI, .47–.76) 
remained associated with serostatus (Figure 4). Among par-
ticipants reporting symptoms, seeking medical attention for 
symptoms was associated with seropositivity (OR 1.76; 95% 
CI, 1.30–2.39) at visit 2, but not at visit 1.

Clinical Presentation in SARS-CoV-2 Seroconverters

Symptoms since the first cases of COVID-19 were detected in 
Mali in March 2020 were reported infrequently by seropositive 
participants (n = 173) at visit 1 (July–October 2020). Several 
systemic symptoms including fever (8.7% [17/173] vs 4.0% 
[100/2473], P = .010), chills (1.7% [3/173] vs 0.4% (9/2473), 
P = .039), myalgia (3.5% [6/173] vs 0.7% [18/2473], P = .004), 
and headache (11.0% [19/173] vs 3.7% [91/2473], P < .0001) 
were more frequently reported by seropositive participants 
compared to seronegative participants (Supplementary Table 3). 
Grouped systemic symptoms (any) were almost independently 

Figure 1. Study flow chart. Visit 1 was completed between 29 July and 16 October 
2020 at the Sotuba site, 29 July and 24 September 2020 at the Bancoumana site, 
and 28 July and 27 August 2020 at the Donéguébougou site. Visit 2 was completed 
between 21 December 2020 and 26 January 2021 at the Sotuba site, 28 December 
2020 and 29 January 2021 at the Bancoumana site, and 14 December 2020 and 15 
January 2020 at the Donéguébougou site. A total of 94.7% (2532/2672) of partici-
pants completed visit 2.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab589#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab589#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab589#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab589#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab589#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab589#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab589#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab589#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab589#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab589#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab589#supplementary-data


Severe Acute Respiratory Syndrome Coronavirus 2 Community Serosurvey, Mali • cid 2022:74 (15 March) • 1033

Table 1. Study population characteristics at visit 1 (July–October 2020)

Sotuba Bancoumana Donéguébougou Overall

Sample size (n) 594 965 1113 2672

Individuals 585 959 1113 2657

Co-enrolled infantsa 9 6 0 15

Demographics (%, n)

Sex, male 43.3% 
257/594

51.9% 
501/965

52.3% 
582/1113

50.3% 
1343/2672

Age, years (median, IQR) 14 (8-25) 15 (8-33) 14 (6-35) 14 (8-31)

Age, years (%, n)

< 10 34.0%
 202/594

28.9%
279/965

32.0% 
356/1113

31.3% 
837/2672

10 - 17 27.4% 
163/594

29.4%
284/965

26.1%
290/1113

27.6% 
737/2672

≥ 18 38.5% 
229/594

41.7% 
402/965

41.9% 
467/1113

41.1% 
1098/2672

Medical factors (%, n)

No co-morbid conditions 96.4% 
564/585

99.2% 
951/959

99.3% 
1105/1113

98.6% 
2620/2657

Co-morbid conditions 3.6% 
21/585

0.8% 
8/959

0.7% 
8/1113

1.4% 
37/2657

Obesity 0.9% 
5/585

0% 
0/959

0.4% 
5/1113

0.4%
10/2657

Diabetes 0.9%
 5/585

0%
0/959

0% 
0/1113

0.2% 
5/2657

HIV/other immune deficiency 0% 
0/585

0%
0/959

0% 
0/1113

0% 
0/2657

Hypertension 2.7% 
16/585

1.4%
13/965

0.2% 
2/1113

1.2%
31/2657

Cardiovascular disease 0.2% 
1/585

0% 
0/959

0.1% 
1/1113

0.1% 
2/2657

Chronic pulmonary condition 0% 
0/585

0% 
0/959

0%
0/1113

0%
0/2657

Chronic hepatic condition 0% 
0/585

0% 0/959 0% 
0/1113

0%
 0/2657

Chronic hematological condition 0% 
0/585

0.1% 
1/959

0% 
0/1113

<0.1%
1/2657

Chronic kidney disease 0% 
0/585

0% 
0/959

0% 
0/1113

0% 0/2657

Chronic neurological impairment/disease 0% 
0/585

0%
0/959

0% 
0/1113

0% 
0/2657

Malignancy 0% 
0/585

0% 
0/959

0.1% 
1/1113

<0.1%
1/2657

BCG vaccination 88.9% 
520/585

70.2% 
673/959

85.2% 
948/1113

80.6% 
2141/2657

Antimalarial use (within 4 weeks of visit 1) 3.6% 
21/585

3.9% 
37/959

0.1% 
1/1113

2.2%
 59/2657

Smokerb 2.9% 
15/526

0.8%
7/904

4.4% 
48/1089

2.8% 
70/2519

Pregnancy 1.0%
6/585

1.6% 
15/959

0.2%
2/1113

0.9% 
23/2657

Trimester 1 0.2%
1/585

0.1% 
1/959

0.2% 
2/1113

0.2% 
4/2657

Trimester 2 0.3% 
2/585

0.9% 
9/959

0% 
0/1113

0.4% 
11/2657

Trimester 3 0.5% 
3/585

0.5% 
5/959

0% 
0/1113

0.3% 
8/2657

Post-partum (< 6 weeks) 0.2%
1/585

0.2% 
2/959

0% 
0/1113

0.1% 
3/2657

Social factors (%, n)

Employed in healthcare setting 1.2% 
7/585

1.8% 
17/959

4.9% 
55/1113

3.0% 
79/2657

Household member employed in healthcare setting 22.6% 
132/585

21.2% 
203/959

1.5% 
17/1113

13.2% 
352/2657

Household member previously diagnosed with COVID-19 0% 
0/585

0% 
0/959

0%
 0/1113

0% 
0/2657

Household size (mean, SD) 10.2 (5.7) 7.1 (4.1) 6.8 (2.9) 7.7 (4.3)

Abbreviations: COVID-19, coronavirus disease 2019; HIV, human immunodeficiency virus; IQR, interquartile range; SD, standard deviation.
aInfants aged 6–12 months were co-enrolled with their mother, and a limited history was collected.
bSmoking status collected at visit 2.
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associated with serostatus following multiple logistic regression 
(OR 1.72; 95% CI, .96–2.98, Figure 4).

Among the larger group of newly seropositive participants 
at visit 2 (n = 724), symptoms occurring since visit 1 were re-
ported with a greater frequency compared with the prior re-
porting period (Supplementary Tables 3 and 4). The most 
common symptoms were rhinorrhea (26.1% [189/724]), head-
ache (22.7% [164/724]), cough (19.1% [138/724]), and fever 
(9.9% [72/724]). The remaining symptoms were reported in less 
than 5% of individuals, including loss of smell or taste (2.2% 
[16/724]). Among seropositive participants, 48.6% (352/724) 
reported a history of any symptoms, compared with 49.3% 
(803/1629) in seronegative participants. Given high back-
ground illness rates, it is difficult to establish which symptoms 
are associated with COVID-19 in the study population. Chills 
(3.7% [27/724] vs 2.1% [34/1619], P = .025) and fatigue (4.3% 
[31/724] vs 2.5% [41/1619], P = .028) were more frequently re-
ported by seropositive participants. Similar to visit 1 analysis, 
grouped systemic symptoms (any) were almost independently 
associated with serostatus by multiple logistic regression (OR 
1.22; 95% CI, .97–1.52; Figure 3). Among seropositive parti-
cipants reporting symptoms, 15.6% (55/352) reported absen-
teeism from work or school, 63.4% (223/352) reported seeking 
medical attention, and 0.9% (3/352) reported hospitalization. 
The 3 seropositive participants reporting hospitalization in-
cluded a 2-year-old male with fever, cough, and rhinorrhea; a 
12-year-old male with headache; and a 30-year-old male with 
fever, headache, and rhinorrhea. Among participants reporting 
symptoms at visit 2, seropositive individuals were more likely 
to have sought medical attention for symptoms compared with 
seronegative individuals (63.4% [223/352] vs 45.9% [366/797], 
P < .0001, Supplementary Table 4).

DISCUSSION

In this prospective cohort study of 3 sites in urban and rural 
Mali, we provide evidence of marked SARS-CoV-2 commu-
nity transmission between July 2020 and January 2021 using 
population serosurveillance. The cumulative SARS-CoV-2 
exposure rate was 58.5% (95% CI, 47.5–69.4), equating to 
an infection rate of approximately 1% of the population 
every 3  days between visits. Previously, serosurveillance 
in the United States has estimated a case detection ratio of 
20%, whereas in Zambia, combined reverse transcriptase-
polymerase chain reaction/serosurveillance estimated a 1% 
case detection ratio [10, 16]. The findings of our study would 
suggest a case detection ratio of approximately 0.1%–0.2% in 
Mali based on the number of previously reported cases na-
tionwide [17]. This highlights the need for improved access 
to diagnostic testing in the community, although targeting 
these diagnostics will remain a challenge in the presence of 
limited disease.

Based on the estimated seroprevalence in our study, the 
hypothetical “herd immunity” threshold of 70%–80% may 
have been reached among adults in Sotuba. It is unclear if the 
evidence of natural infection provided by serosurveillance 
can be used to approximate population protection, although 
the presence of SARS-COV-2 antibodies has been associated 
with a lower risk of infection compared with seronegative 
individuals in adult populations [18, 19]. The clinical sig-
nificance of our assay is uncertain; however, we have pre-
viously shown strong correlation between assay absorbance 
and pseudovirus neutralization activity in US samples [6]. 
In our study, RBD absorbance values waned more quickly 
than spike protein values. Despite the relatively mild illness 
reported, the durability of spike protein immunoglobulin 
G antibodies suggests a relatively long-lasted humoral re-
sponse in our study population, and seropositivity may be 
a surrogate marker for longer term cellular immunity [20]. 
Taken together, the rapid increase in SARS-CoV-2 antibody 
seroprevalence and limited attributable severe illness during 
the study period may reflect a degree of protection in the 
community.

Conversely, the widespread SARS-CoV-2 transmission sug-
gested by this study could promote the emergence of new vari-
ants that may escape any natural herd immunity. In a similar 
high seroprevalence scenario in Manaus, Brazil, a large re-
surgence in cases was reported following introduction of the 
B.1.1.248 variant, suggesting limited cross-protection from 
prior infection [21, 22]. We are uncertain of the locally circu-
lating variants in Mali and whether our study may have co-
incided with emergence of a new variant. The South African 
variant B.1.351 was reported in Ghana in early January 2021 
[23] and became the dominant circulating strain in South 
Africa over the study period [24].

Figure 2. Seroprevalence of SARS-CoV-2 antibodies in Mali. Seroprevalence ad-
justed for population age distribution and assay sensitivity and specificity [15]. Error 
bars represent 95% confidence intervals. Asterisk represents P < .0001 in compar-
ison between sites. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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In our cohort, seropositivity was associated with increasing 
age, employment in a healthcare setting, and residence in the 
urban community of Sotuba. Residence in the rural village of 
Donéguébougou was associated with seronegativity. This is con-
sistent with other reports that show marked regional variation, 
lower seropositivity rates in children versus adults, and higher 
seropositivity rates in healthcare workers [8, 10]. Symptom his-
tory was not reliably associated with serostatus, highlighting 
the relatively limited clinical burden of the pandemic in the 
study population and the challenge of detecting cases by passive 
surveillance.

The frequency of reported symptoms in our population is 
in keeping with smaller SARS-CoV-2 serosurveys conducted 
in West Africa [8, 9]. Between July 2020 and January 2021, the 
background illness was high, with 49.1% (1155/2353) of parti-
cipants reporting symptoms irrespective of serostatus. This pe-
riod coincides with local seasonal malaria and emphasizes the 
importance of readily available and reliable diagnostics, partic-
ularly in regions where the differential diagnosis for nonspecific 
symptoms is broad and may include malaria and viral hemor-
rhagic fevers. The lack of excess clinical illness in the SARS-
CoV-2 seroconverting group, including in a subpopulation 
intensively followed up for adverse events, suggests that the 
rate of COVID-19 attributable symptoms is low in our popu-
lation, especially during the malaria transmission season. In 
an active surveillance study in Zambia, 23.8% of polymerase 
chain reaction-confirmed COVID-19 cases reported symptoms 
[10], which falls within the background rate of symptoms in 
our study.

Although our study is not designed to determine if severe 
COVID-19 is less common in sub-Saharan compared with 
other settings, we found minimal difference in reported symp-
toms, hospitalization, or absenteeism based on serostatus. Using 
estimated COVID-19 hospitalization rates from the United 
States adjusted for the age structure of our study population, 
we would expect a 2% hospitalization rate, or approximately 30 

hospitalization events among the nearly 1500 SARS-CoV-2 in-
fections estimated in our study [25]. In total, 6 hospitalizations 
were reported among the study population (3 seropositive par-
ticipants and 3 seronegative participants).

These data provide valuable information for use in regional 
Public Health efforts. In this study, 2 visits were completed by 
94.8% (2533/2672) of participants, including a large number 
of children, which reflects the local population age structure. 
The two-antigen ELISA used in this study has been used for 
population seroprevalence in the United States [16] and has 
been optimized to improve specificity in Mali [6]. Although 
single-antigen SARS-CoV-2 antibody cross-reactivity has 
been associated with malaria [26, 27], we did not observe an 
increased frequency of microscopy-confirmed malaria infec-
tion in seropositive participants (Supplementary Tables 7 and 
9). Further studies are under way to better understand the 
possible relationship between serostatus and malaria in our 
population. The strong concordance between two-antigen se-
ropositivity and 2-antigen 4-fold seroconversion compared 
to prepandemic baseline, provides further reassurance of 
assay performance.

Our study has several limitations, including the lack of 
prospective power calculations because of a lack of preex-
isting data, and the risk of recall bias in reported symptoms 
history. In a post hoc analysis, our study had >80% power to 
discriminate seroprevalence differences between age groups 
and study sites. In our study, reported symptoms history was 
similar in the overall study population to adverse events re-
corded for a subpopulation coenrolled in parallel clinical 
trials. Furthermore, we would expect recall bias to be sim-
ilar between seropositive and seronegative participants. The 
study population was not selected randomly, and therefore 
there is also a risk of selection bias. Notably, no participant 
reported a personal history of prior COVID-19 diagnosis 
or household member with a diagnosis at enrollment, and 
there was a high proportion of community participation, 

Table 2. Cumulative SARS-CoV-2 Exposure Prevalence and Rate of Infection at Sotuba (Urban), Bancoumana (Rural Town), and Donéguébougou (Rural 
Village) Sites

Site Visit 1 (Median)a Visit 2 (Median)
Cumulative Exposure Preva-

lence Visit 2 (95% CI)b

Rate of Infection 
(% Population 
Infected/d)c

Sotuba 6 August 2020 (29 July–16  
October 2020)

24 December 2020 (21  
December 2020–26 January 
2021)

73.4% (59.2–87.5) 0.45

Bancoumana 11 September 2020 (29 July–24 
September 2020)

6 January 2021 (28 December 
2020–29 January 2021)

53.2% (42.8–63.6) 0.42

Donéguébougou 13 August 2020 (28 July–27 
August 2020)

19 December 2020 (14  
December 2020–15 January 
2021)

37.1% (29.6–44.5) 0.19

Abbreviations: 95% CI, 95% confidence interval; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
aMedian visit date defined as date half of all sample collections were completed.
bCumulative seropositivity rate calculated by adding seropositive cases from visit 1 that were seronegative at visit 2 before calculating adjusted seroprevalence.
cAdjusted incidence of new cases between visit 1 and visit 2 divided by median number of days between visits.
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Figure 3. Longitudinal SARS-CoV-2 antibody reactivity spike protein and RBD at study sites: Sotuba (top row), Bancoumana (middle row), and Donéguébougou (bottom 
row). Visit 1: 28 July–16 October 2020. Visit 2: 14 December 2020–29 January 2021. OD, optical density; RBD, receptor binding domain; SARS-CoV-2, severe acute respiratory 
syndrome coronavirus 2.
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particularly at the Donéguébougou site. By using an assay 
optimized to improve specificity, we have a reduced ability 
to detect low level SARS-CoV-2 antibody reactivity in crude 
seroprevalence estimates. In the setting of high background 
reactivity to SARS-CoV-2 antigens in our study population 
[6], a two-antigen assay with mathematical adjustment for 
test characteristics was considered the most appropriate ap-
proach to estimate the community burden of SARS-CoV-2 
exposure and avoid the effect of possible cross-reactivity.

This study provides further evidence that Africa has not been 
spared by SARS-CoV-2, and that the epidemiology of disease in 
Malian communities with a young age structure may be prima-
rily subclinical and within background illness rates. Although 
the Ministry of Health has implemented mitigation strategies, it 
is challenging to integrate measures such as physical distancing 
in day-to-day life in Mali. In this setting, community mitigation 
strategies may differ to other regions, and ongoing surveillance 
and augmentation of diagnostics, including characterizing 

Figure 4. Odds ratio and 95% confidence intervals for covariates associated with serostatus at (A) visit 1 and (B) visit 2. Odds ratios following multiple logistic regression. 
Covariates with 95% confidence intervals crossing 1 in gray, not crossing 1 in black. Visit 1: 28 July–16 October 2020. Visit 2: 14 December 2020–29 January 2021.
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locally circulating variants, will be critical to implement and 
monitor an effective vaccination program.
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Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, so 
questions or comments should be addressed to the corresponding author.
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