
Two years after the first detected case of COVID-19 
in Kinshasa, Democratic Republic of the Congo 

(DRC), the country experienced 4 subsequent waves 
of the virus, with peaks in June 2020 and January, 
June, and December 2021 (1). As observed across 
countries in Africa, the second wave in DRC was 
severe compared with the first wave in terms of dis-

ease incidence and associated deaths, partly because 
of lightening of stringent public health countermea-
sures implemented during the first wave, including 
international travel restrictions, and the spread of 
SARS-CoV-2 Beta variant (B.1.351) from southern 
Africa countries (2,3). By March 6, 2021, a total of 
26,468 laboratory-confirmed cases were reported, 
including 712 virus-related deaths and 132,929 tests 
performed; Kinshasa accounted for nearly 75% of all 
reported cases (1).

The true burden of COVID-19 in Kinshasa is 
likely underestimated because PCR testing is con-
ducted mainly on symptomatic persons meeting the 
case definition, omitting a large portion of persons 
who become infected with SARS-CoV-2  but are ei-
ther asymptomatic or paucisymptomatic. Limited 
testing facilities throughout Africa, combined with 
the population’s underutilization of healthcare ser-
vices, further widened the gap between the number 
of actual infections and detected cases (2,4). On the 
basis of data from a previously conducted house-
hold-based survey in Kinshasa after the first wave, 
we reported an infection-to-case ratio of 292:1 and 
a prevalence of 16.6% (5). The survey underscored 
the critical role of serologic surveys as complemen-
tary tools to routine testing results for guiding public 
health interventions.
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Serologic surveys are important tools for estimating the 
true burden of COVID-19 in a given population. After the 
first wave of SARS-CoV-2 infections, a household-based 
survey conducted in Kinshasa, Democratic Republic 
of the Congo, estimated >292 infections going undiag-
nosed for every laboratory-confirmed case. To ascertain 
the cumulative population exposure in Kinshasa after the 
second wave of COVID-19, we conducted a prospective 
population-based cross-sectional study using a highly 
sensitive and specific ELISA kit. The survey included 
2,560 consenting persons from 585 households; 55% 
were female and 45% male. The overall population-
weighted, test kit–adjusted SARS-CoV-2 seroprevalence 
was 76.5% (95% CI 74.5%–78.5%). The seroprevalence 
was 4-fold higher than during the first wave, and positiv-
ity was associated with age, household average monthly 
income, and level of education. Evidence generated from 
this population-based survey can inform COVID-19 re-
sponse, especially vaccination campaign strategies in 
the context of vaccine shortages and hesitancy.
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Serologic surveys reveal the extent of infection 
within a given population and provide timely esti-
mates on such key indicators as attack rate, mortality 
rate, and deaths, thus guiding public health actions 
and the development of evidence-based strategies (6). 
In the DRC particularly, natural infection immunity 
is more likely to outpace vaccine-induced immuni-
zation because vaccine rollout is hindered by factors 
such as vaccine hesitancy, low vaccine availabil-
ity, and low vaccine coverage rates (7,8). Evidence is 
needed, therefore, to guide overall public health re-
sponse, particularly vaccination strategies aimed at 
optimizing the use and delivery of available vaccines. 
We describe a population-based SARS-CoV-2 sero-
survey conducted in Kinshasa after the second wave 
(October 2020–April 2021) of the COVID-19 epidemic 
to ascertain the cumulative population exposure.

Methods

Study Design and Population
We conducted a prospective population-based, cross-
sectional study in Kinshasa on March 6–14, 2021, 
as part of the World Health Organization’s global 
framework for SARS-CoV-2 seroepidemiologic  

investigations (i.e., Unity Studies) (9). Kinshasa is the 
capital of the DRC and has an estimated population 
of 15 million, representing ≈15% of the population. 
Kinshasa is divided into 35 health districts, compris-
ing 380 health areas.

We used a multistage, cluster sampling proce-
dure to select study participants from a population 
spanning all 35 health districts of Kinshasa (Figure 
1). We randomly selected 3 health areas within each 
health district by using probability sampling pro-
portional to the size. After listing all streets or vil-
lages in each health area, we randomly selected 1 to 
2 streets or villages within each area. We then list-
ed all households in the selected streets or villages 
and systematically selected an average of 5 house-
holds from each health area. We determined eligi-
ble participants as persons of all ages who stayed 
in Kinshasa 2 weeks before the survey and had no 
contraindications to venipuncture. We obtained 
written informed consent from adults (participants 
≥18 years of age) and emancipated minors, paren-
tal consent for participants <18 years, and assent for 
participants 10–17 years of age. The ethics commit-
tee of the Kinshasa School of Public Health reviewed 
the study (ESP/CE/81B/2020), and the study was 
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Figure 1. Study area for prospective, population-based, cross-sectional study to ascertain the cumulative population SARS-CoV-2 
exposure in Kinshasa, Democratic Republic of the Congo, after the second wave of SARS-CoV-2. Inset maps show location of Kinshasa 
in Democratic Republic of the Congo (pink shading) and Democratic Republic of the Congo in Africa (blue shading).
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aligned with the World Health Organization’s Unity 
Studies’ master protocol.

Sample Size Calculation
We calculated the sample size based on the hypoth-
esis of an expected seroprevalence of 20%, with a pre-
cision of 3%, a design effect of 2.2, and a nonresponse 
rate of 30%. We determined that >2,146 participants 
needed to be recruited.

Data Collection
We presented a structured, pretested questionnaire 
to participants on an electronic tablet equipped 
with a mobile data-gathering application (Epicol-
lect 5; Imperial College, London, https://www.im-
perial.ac.uk). The questionnaire covered questions 
regarding sociodemographic characteristics, medi-
cal history (with emphasis on COVID-19, hyperten-
sion [blood pressure ≥140/90 mm Hg], stroke, pul-
monary disease, diabetes, chronic kidney disease, 
cancer, and obesity), alcohol and tobacco intake, 
SARS-CoV-2–related practices, and exposures to 
SARS-CoV-2. Exposures to SARS-CoV-2 comprised 
a previous SARS-CoV-2 infection, known contact 
with persons having suspected or laboratory-con-
firmed SARS-CoV-2 infection, and a history of travel 
to an affected province or country 2 weeks before 
the survey. We provided all participants with face 
masks and hand sanitizers and encouraged them to 
practice physical and social distancing.

Blood Collection and SARS-CoV-2 Antibody Detection
We collected 3–5 mL of venous blood samples from 
eligible participants in red-topped plain tubes, 
which were transported at 4°C in cool boxes to the 
National Institute of Biomedical Research in Kinsha-
sa the same day. At the institute, we processed blood 
specimens to obtain serum, aliquoted the serum in 
2-mL cryotubes, and stored the tubes at –20°C for 
subsequent analyses.

We used the Wantai SARS-CoV-2 ELISA kit (Bei-
jing Wantai Biologic Pharmacy Enterprise Co, Ltd, 
https://bjwtbp.en.ec21.com) to detect anti-spike IgG 
and IgM in a single replicate, according to the manu-
facturer’s instructions. We used known SARS-CoV-2–
positive and SARS-CoV-2–negative samples as con-
trols. We included prepandemic samples collected as 
part of measles surveillance, which tested negative 
for the measles virus serology (Appendix Figure 1). 
We considered a sample positive if the absorbance-
to-cutoff ratio was >1.1. In the case of borderline re-
sults, we reran the test in duplicate and considered 2 
matching results to be the final result.

The Wantai SARS-CoV-2 Total Antibodies ELISA 
kit has a sensitivity of 94.4% and a specificity of 100% 
(10). It detects whole antibodies against the receptor-
binding domain (RBD) within the S1 subunit of the 
spike protein. The RBD represents approximately 
one third of the S1 subunit and is highly variable be-
tween SARS-CoV-2 and other betacoronaviruses (11). 
In this way, the Wantai SARS-CoV-2 Total Antibod-
ies ELISA kit does not present cross-reactions with 
other coronaviruses that cause the common cold (i.e., 
OC43, HKU1, NL63, 229E). Besides providing high 
sensitivity and specificity, the Wantai kit offers dual 
detection of IgG and IgM, making the test kit useful 
in the very early phase of the disease course and in 
situations where the proportion of SARS-CoV-2 infec-
tions with asymptomatic or mild forms is prevalent; 
that is, when IgG synthesis is absent or low, and IgM 
is more likely to be abundantly synthesized and de-
tected (11–13). The test kit also detects antibodies in 
most COVID-19 cases where the order of IgM-IgG se-
roconversion might not always be observed. In addi-
tion, antibodies directed against the RBD of the spike 
protein are strongly correlated with virus neutraliza-
tion (11). The Wantai kit therefore can be helpful and 
informative as part of serologic surveys in gauging 
protective immunity in a general population.

Statistical Analyses
We extracted data from the Epicollect 5 server, con-
verted those results into a comma-separated values 
file, and transferred that information to Stata 15.1 
(StataCorp LLC, https://www.stata.com) for analy-
sis. We employed the svyset command to account 
for the survey design. We weighted estimates to 
reflect the population parameters. We used propor-
tions with corresponding 95% CIs to summarize cat-
egorical variables and the mean or the median with 
standard deviation or interquartile range to sum-
marize continuous variables. We used the Pearson 
χ2 test to assess the difference in seroprevalence be-
tween groups and the multivariable logistic regres-
sion to assess the association between SARS-CoV-2 
seropositivity and key exposures. Finally, we cor-
rected the seroprevalence to account for test kit per-
formance as described elsewhere (14).

Results
A total of 597 households were selected from 105 
health areas (clusters), of which 585 (97.9%) agreed 
to participate in the survey. From the selected 
households, 2,681 persons were surveyed, of whom 
2,601 (97%) were present on the survey dates. 
From the 2,601 eligible persons, only 2,560 (98.4%)  
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consented to be interviewed and provided blood 
samples. Of the 2,560 blood samples, 58 dried blood 
spots were excluded. We successfully processed 
2,502 (97.7%) samples, including 26 (1%) samples 
with borderline results that were not included in 
the analysis (Figure 2).

Of the 2,560 eligible participants, 1,412 (55.2%) 
were female and 1,148 (44.8%) were male. Most par-
ticipants (1,787, 69.8%) were from health districts 
located in the western part of Kinshasa (Table 1). 
The median age was 30 years (interquartile range 
18–46 years). Persons 20–29 years of age were the 
most represented (511/2,560, 19.9%), followed by 
those 30–39 years of age (409, 15.9%). The median 
size of the household was 7 (interquartile range 
of 6–9). Six households in 10 (349/585, 59.6%) re-
ported an average monthly income of $51–$250 (US 
dollars), whereas nearly one quarter (145/585) re-
ported an average monthly income of $1–$50. Most 
participants (1,209/2,560, 47.2%) had junior-high 
school education level, and 3.0% (77) had no formal  
education (Table 1).

Regarding COVID-19 prevention measures, 
37.9% (971/2,560) of participants reported washing 
their hands >6 times/day; another one fifth reported 
washing their hands daily (481 reported 1×/d, 535  

reported 2×/d). More than one quarter of partici-
pants reported wearing a face mask frequently (659, 
25.7%), but nearly one quarter reported rarely wear-
ing a face mask (623, 24.3%). Most participants were 
nonsmokers (2,410, 94.1%) and 67.2% (1,721) reported 
no alcohol consumption (Table 1).

One in 2 participants reported >1 symptom in-
dicative of COVID-19; fever was mentioned most 
frequently (713, 27.8%), followed by headache (627, 
24.5%), chills (423, 16.5%), fatigue (409, 15.9%), and 
cough (400, 15.6%), (Table 2). Only 12.0% (308) of par-
ticipants reported >1 comorbidity, with hypertension 
(166, 6.5%) and obesity (96, 3.7%) being the most re-
ported. Most participants reported no contact with a 
laboratory-confirmed COVID-19 case (2,493, 97.4%) 
(Table 2).

The overall population-weighted SARS-CoV-2 
seroprevalence was 72.2% (95% CI 69.8–4.4%) (Ap-
pendix Table 2). The seroprevalence was slightly 
higher, although not significantly, among female 
than male participants (73.8% vs. 70.1%; p = 0.146), 
and significantly higher in the western health districts 
of Kinshasa than in the eastern (74.3% vs. 68.3%; p 
= 0.021) (Appendix Table 1). Two health districts on 
either side of Kinshasa had the highest seropreva-
lence: Barumbu (88.4%, 95% CI 74.9%–95.1%) and 
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Figure 2. Flowchart of 
participants and household 
inclusion for prospective, 
population-based, cross-
sectional study to ascertain the 
cumulative population SARS-
CoV-2 exposure in Kinshasa, 
Democratic Republic of the 
Congo, after the second wave of 
SARS-CoV-2.
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Masina 2 (88.6%, 95% CI 77.1%–94.8%) (Appendix 
Table 2). Similarly, higher seroprevalence was found 
among participants 40–49 years of age (78.6%, 95% 
CI 72.9%–83.3%), those with university education 
(84.0%, 95% CI 69.9%–92.2%), and those who de-
clared washing hands 5–6 times a day (76.8%, 95% 
CI 71.9%–81.0%) (Appendix Table 1). Most house-
holds (94.2%, 551/585) had >1 seropositive member; 
median was 3 positive members (Appendix Table 3, 
Figures 2, 3). After adjusting for the laboratory test 
kit performance, the overall seroprevalence increased 
from 72.2% (95% CI 69.8%–74.4%) to 76.5% (95% CI 
74.5%–78.5%).

Participants living in households with an average 
monthly income of $51–$250 had 42% increased odds 
of SARS-CoV-2 infection compared with participants 
from a household with an average monthly income of 
$1–$50 (crude OR 1.42, 95% CI 1.12–1.80) (Table 3). In 
contrast, participants from households with an aver-
age monthly income of >$1,000 were 88% less likely 
to be infected with SARS-CoV-2 (crude OR 0.12, 95% 
CI 0.04–0.36). The likelihood of SARS-CoV-2 infection 
tended to increase with increasing education level 
and age. Participants with university-level education 
were >3 times more likely to be infected with SARS-
CoV-2 than those without formal education (crude 
OR 3.73, 95% CI 1.10–12.67) (Table 3).

On multivariable analysis, after adjusting for sex, 
age, and geographic area, an association emerged 
between SARS-CoV-2 infection and the 5–9-year 
age group (adjusted OR 0.38, 95% CI 0.15–0.96) and 
the 10–14-year age group (adjusted OR 0.33, 95% CI 
0.12–0.91) (Table 3). SARS-CoV-2 infection remained 
associated with average household monthly income, 
especially for a household earning >$1,000 (adjusted 
OR 0.12, 95% CI 0.04–0.33). The association with edu-
cation level remained and became stronger in effect 
size and statistical significance, especially for partici-
pants with university-level education (adjusted OR 
4.33, 95% CI 2.36–17.18) (Table 3).

Discussion
We conducted this population-based serologic survey 
at the end of the second wave (October 2020–April 
2021) of COVID-19 in Kinshasa, DRC, before vaccina-
tion became available. As such, our results provide 
evidence of the cumulative exposure to SARS-CoV-2 
among this population.

Our results show that, 1 year after detecting the 
first COVID-19 case, >3 out of 4 persons (76.5%) had 
been infected with SARS-CoV-2. This high seropreva-
lence indicates sustained community transmission in 
Kinshasa. Considering the Kinshasa population of 

15 million in March 2021 (15), we estimate 11.5 mil-
lion SARS-CoV-2 infections had occurred by March 6, 
2021, but only 19,831 confirmed cases were reported 
(1 PCR-confirmed case for nearly 580 estimated in-
fections). During the same period, 3,325 COVID-19 
cases were active, and <100 hospitalizations occurred 
in COVID-19 treatment centers. Factors such as the 
younger age of the population, the predominance of 
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Table 1. Sociodemographic and behavioral Characteristics of 
2,560 study participants in a study to ascertain cumulative SARS-
CoV-2 exposure in Kinshasa, Democratic Republic of the Congo, 
after the second COVID-19 wave* 
Variables  Value 
Sex  
 F 1,412 (55.2) 
 M 1,148 (44.8) 
Geographic area  
 Western 1,787 (69.8) 
 Eastern 773 (30.2) 
Median age, y (IQR) 30  (18–46) 
Age group, y  
 0–4 40 (1.6) 
 5–9 175 (6.8) 
 10–14 260 (10.2) 
 15–19 265 (10.4) 
 20–29 511 (19.9) 
 30–39 409 (15.9) 
 40–49 359 (14.0) 
 50–59 269 (10.5) 
 60–69 186 (7.3) 
 70–79 71 (2.8) 
 ≥80 15 (0.6) 
Household size, median (IQR) 7 (6–9) 
Household average monthly income, US $  
 1–50 634 (24.7) 
 51–250 1,525 (59.6) 
 251–500 340 (13.3) 
 501–1,000 56 (2.2) 
 >1,000 5 (0.2) 
Education  
 No formal education 77 (3.0) 
 Primary 473 (18.5) 
 Junior-high school 1,209 (47.2) 
 Secondary, vocational 268 (10.5) 
 Higher, vocational 46 (1.8) 
 University 487 (19.0) 
Daily hand washing frequency  
 <1 time 481 (18.8) 
 1–2 times 535 (20.9) 
 3–4 times 377 (14.7) 
 5–6 times 196 (7.7) 
 >6 times 971 (37.9) 
Face mask wearing  
 Never 422 (16.5) 
 Rarely 623 (24.3) 
 Sometimes 496 (19.4) 
 Often 659 (25.7) 
 Always 360 (14.1) 
Alcohol intake  
 N 1,721 (67.2) 
 Y 839 (32.8) 
Tobacco intake  
 N 2,410 (94.1) 
 Y 150 (5.9) 
*Values are no. (%) except as indicated. IQR, interquartile range. 
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mild and asymptomatic cases self-managed in the 
community, poor testing capacities, and low health-
care utilization might explain the discrepancies be-
tween reported cases, the actual number of infections, 
and the number of moderately or severely ill hospital-
ized persons.

The population-weighted and test kit–adjusted 
seroprevalence of 76.5% was nearly 4 times high-
er than that reported after the first wave (16.6%),  

reflecting an extensive community transmission af-
ter the lightening of lockdown measures, including 
the travel ban implemented during the first wave 
(5). Lower seroprevalence estimates were reported 
in Bangladesh (63.1%), Mali (58.5%), India (54.2%), 
Zimbabwe (53.0%), Kenya (44.2%), and Sierra Le-
one (2.6%) during similar periods (16–22). The char-
acteristics of the test kit used and the variability in 
exposure levels across countries might explain differ-
ences in seroprevalence estimates. In our study and 
that of Bangladesh, an ELISA-based test detecting 
total antibodies against the RBD of the spike protein 
was used (10,16). Studies from Zimbabwe and India 
used serologic assays, targeting IgGs directed against 
the nucleocapsid protein, which are known to wane 
faster over time than those directed against the spike 
protein (18,19,23). Studies from Mali and Kenya used 
serologic tests that only targeted anti-spike IgG, thus 
missing newly infected persons who could bear anti-
spike IgM rather than IgG (17,20). The Sierra Leone 
study used a lateral flow assay that targets both anti-
spike IgM and IgG but is less sensitive than ELISA 
(22). Female participants were nearly 20% more likely 
to be infected than male participants, but the differ-
ence was not statistically significant. Similar results 
have been reported from other sub-Saharan Africa 
countries (24,25). As reported after the first wave of 
the COVID-19 epidemic in the DRC, the seropreva-
lence was not statistically different between western 
and eastern health districts of Kinshasa on multivari-
able analysis, although more cases were reported in 
western health districts (5). In our study, we observed 
a trend of increasing seroprevalence with age. This 
trend is consistent with other reports from Africa and 
Asia, which found higher exposures among partici-
pants 39–59 years of age (16,17,20,22). In addition, our 
results suggest that the second wave was character-
ized by similar infection rates for all age groups (5).

The risk for SARS-CoV-2 infection increased 
with average monthly household income up to $500 
before decreasing dramatically, especially among 
households with incomes of >$1,000. Household 
income was associated with SARS-CoV-2 infection, 
and higher incomes reduced the risk for infection in 
households (26). The discrepancy in our study can 
be explained by respondent bias, because house-
hold income was assessed based on household 
heads’ responses rather than owned assets. Partici-
pants with a university education were more likely 
to be infected (84%), and having a university-level 
education was associated with a 4-fold increase in 
the risk for infection. A study from Portugal report-
ed that a lower level of education was a critical risk 
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Table 2 Clinical characteristics of 2,560 study participants in a 
study to ascertain cumulative SARS-CoV-2 exposure in 
Kinshasa, Democratic Republic of the Congo, after the second 
COVID-19 wave* 
Variables Value 
Symptoms suggestive of COVID-19 2 weeks before survey 
 N 1,280 (50.0) 
 Y 1,280 (50.0) 
 Fever 713 (27.8) 
 Headaches 627 (24.5) 
 Chills 423 (16.5) 
 Fatigue 409 (15.9) 
 Coughing 400 (15.6) 
 Runny nose 369 (14.4) 
 Myalgia 363 (14.2) 
 Abdominal pain 214 (8.4) 
 Sore throat 134 (5.2) 
 Nausea 132 (5.2) 
 Diarrhea 125 (4.9) 
 Anosmia/ageusia 83 (3.2) 
 Chest pain 73 (2.9) 
 Dyspnea 57 (2.2) 
 Median (IQR) no. symptoms 3 (1–4) 
Comorbidity  
 N 2,252 (88.0) 
 Y 308 (12.0) 
Hypertension  
 N 2,394 (93.5) 
 Y 166 (6.5) 
Stroke  
 N 2,540 (99.2) 
 Y 20 (0.8) 
Asthma  
 N 2,521 (98.5) 
 Y 39 (1.5) 
Diabetes mellitus  
 N 2,532 (98.9) 
 Y 28 (1.1) 
Kidney injury  
 N 2,553 (99.7) 
 Y 7 (0.3) 
Cancer  
 N 2,554 (99.8) 
 Y 6 (0.2) 
Obesity  
 N 2,464 (96.3) 
 Y 96 (3.7) 
Pregnancy†  
 N 1,371 (97.1) 
 Y 41 (2.9) 
Contact with a laboratory-confirmed case  
 N 2,493 (97.4) 
 Y 67 (2.6) 
*Values are no. (%) except as indicated. IQR interquartile range. 
†Only women were considered for pregnancy. 
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factor for SARS-CoV-2 transmission compared with 
tertiary education (27). Higher levels of education 
are usually associated with better job opportunities 
and higher income and, thus, better living condi-
tions and compliance with individual and collective 
protective measures. Conversely, a higher level of 
education and better employment may be associ-
ated with higher mobility and complex interactions 
with potentially infected persons, increasing the 
odds of infection.

Our study has several strengths, such as the ro-
bust sampling frame, which provided a large and 
representative sample size that included all 35 health 
districts of Kinshasa, and the high response rate 
among households (97.9%) and participants (98.4%). 

However, we were unable to perform a neutralizing 
antibody test on positive samples to ascertain protec-
tive immunity. In addition, there might have been 
respondent bias because we relied on self-reporting 
for variables such as comorbidities, household in-
come, face mask wearing, daily hand washing, alco-
hol intake, and tobacco use. The stigma associated 
with COVID-19 might have played a role in under-
reporting critical information, as exemplified by the 
lower proportion (2.6%) of participants who reported 
a known contact with a laboratory-confirmed case. Fi-
nally, we collected clinical symptoms by interviewing 
participants, and there might have been recall bias, 
especially for symptoms that occurred more than 2 
weeks prior to the survey.
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Table 3. Sociodemographic and behavioral characteristics associated with SARS-CoV-2 infection in a study to ascertain cumulative 
SARS-CoV-2 exposure in Kinshasa, Democratic Republic of the Congo, after the second COVID-19 wave* 
Characteristic Total no. Seropositive, no. (%) Crude OR (95% CI) Adjusted OR (95% CI) 
Sex     
 F 1,369 1,005 (73.8) Referent Referent 
 M 1,107 780 (70.1) 0.83 (0.64–1.07) 0.83 (0.62–1.06) 
Geographic area     
 Western 1,724 1,291 (74.3) Referent Referent 
 Eastern 752 494 (68.3) 0.74 (0.58–0.95) 0.81 (0.61–1.07) 
Age, y     
 0–4 32 22 (70.8) Referent Referent 
 5–9 165 98 (60.2) 0.62 (0.29–1.33) 0.38 (0.15–0.96) 
 10–14 255 163 (61.8) 0.66 (0.28–1.55) 0.33 (0.12–0.91) 
 15–19 258 187 (72.4) 1.08 (0.51–2.27) 0.40 (0.15 –1.06) 
 20–29 497 364 (72.7) 1.10 (0.53–2.26) 0.39 (0.14–1.04) 
 30–39 393 295 (74.8) 1.22 (0.57–2.62) 0.42 (0.15–1.18) 
 40–49 349 272 (78.6) 1.51 (0.71–3.19) 0.52 (0.19–1.44) 
 50–59 265 194 (74.0) 1.17 (0.53–2.63) 0.40 (0.15–1.08) 
 60–69 179 131 (73.4) 1.14 (0.54–2.39) 0.41 (0.16–1.03) 
 70–79 69 51 (76.6) 1.35 (0.51–3.56) 0.63 (0.24–1.68) 
 ≥80 14 8 (65.5) 0.78 (0.23–2.63) 0.39 (0.09–1.61) 
Household average monthly income, US $     
 1–50 602 386 (66.8) Referent Referent 
 51–250 1,471 1,099 (74.2) 1.42 (1.12–1.80) 1.22 (0.94–1.59) 
 251–500 335 259 (75.3) 1.50 (0.98–2.33) 1.16 (0.73–1.82) 
 501–1,000 53 35 (65.2) 0.93 (0.46–1.85) 0.81 (0.41–1.57) 
 >1,000 5 1 (20.0) 0.12 (0.04–0.36) 0.12 (0.04–0.33) 
Education     
 No formal education 66 41 (58.4) Referent Referent 
 Primary 457 281 (62.2) 1.17 (0.56–2.44) 1.73 (0.72–4.17) 
 Junior-high school 396 273 (69.7) 1.63 (0.82–3.24) 2.15 (0.88–5.23) 
 High school 782 595 (74.6) 2.09 (1.04–4.17) 2.44 (1.02–5.86) 
 Secondary, (vocational 263 203 (78.6) 2.61 (1.23–5.52) 3.02 (1.22–7.48) 
 Higher, vocational 46 37 (76.2) 2.28 (1.07–4.83) 2.75 (1.06–7.14) 
 University 466 355 (84.0) 3.73 (1.10–2.67) 4.33 (2.36–17.18) 
Daily hand washing frequency     
 <1 time 466 297 (64.1) Referent Referent 
 1–2 times 516 389 (75.4) 1.72 (1.18–2.50) 1.43 (0.89–2.31) 
 3–4 times 362 248 (66.1) 1.09 (0.73–1.62) 0.91 (0.59–1.41) 
 5–6 times 190 143 (76.8) 1.85 (1.30–2.64) 1.41 (0.85–2.36) 
 >6 times 942 708 (74.8) 1.66 (1.20–2.31) 1.47 (0.92–2.36) 
Face mask wearing     
 Never 398 247 (63.6) Referent Referent 
 Rarely 611 440 (71.6) 1.43 (0.96–2.14) 1.14 (0.66–1.96) 
 Sometimes 478 363 (74.8) 1.69 (1.19–2.41) 1.29 (0.80–2.07) 
 Often 640 477 (74.5) 1.66 (1.15–2.39) 1.22 (0.73–2.03) 
 Always 349 258 (74.1) 1.63 (0.96–2.76) 0.99 (0.51–1.96) 
*OR, odds ratio. 
 



RESEARCH

In conclusion, our data suggest an extensive 
transmission of SARS-CoV-2 during the second  
COVID-19 wave in Kinshasa, resulting in a higher se-
roprevalence. Evidence generated from this population-
based survey is critical to adjusting the COVID-19 re-
sponse and especially vaccination campaign strategies 
in the context of vaccine scarcity and hesitancy, when a 
large proportion of potential vaccinees have been natu-
rally exposed to SARS-CoV-2. The emergence and glob-
al spread of SARS-CoV-2 variants of concern, with their 
potential to resist neutralizing antibodies developed 
after natural infection, and antibodies waning could 
hamper the putative protective immunity. Serosurveil-
lance coupled with neutralization tests and genomic 
surveillance of SARS-CoV-2 variants is needed to adjust 
the COVID-19 response plan in the DRC, including vac-
cination strategies, as the pandemic evolves.
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Scrapie
[skra′pe]

Scrapie is a fatal neurodegenerative disease of sheep and goats that was 
the first of a group of spongiform encephalopathies to be reported 

(1732 in England) and the first whose transmissibility was demonstrated 
by Cuille and Chelle in 1936. The name resulted because most affected 
sheep develop pruritis and compulsively scratch their hides against fixed 
objects. Like other transmissible spongiform encephalopathies, scrapie 
is associated with an alteration in conformation of a normal neural cell 
glycoprotein, the prion protein. The scrapie agent was first described as a 
prion (and the term coined) by Stanley Prusiner in 1982, work for which 
he received the Nobel Prize in 1997.

Sources: 
  1. Brown  P, Bradley  R. 1755 and all that: a historical primer of  

transmissible spongiform encephalopathy. BMJ. 1998;317:1688–92. 
  2. Cuillé  J, Chelle  PL. The so-called “trembling” disease of sheep: is 

it inoculable? [in French]. Comptes Rendus de l’Académie Sciences. 
1936;203:1552.

  3. Laplanche  J-L, Hunter  N, Shinagawa  M, Williams  E. Scrapie, chronic 
wasting disease, and transmissible mink encephalopathy. In: Prusiner 
SB, editor. Prion biology and diseases. Cold Spring Harbor (NY): Cold 
Spring Harbor Laboratory Press; 1999. p. 393–429.

  4. Prusiner  SB. Novel proteinaceous infectious particles cause scrapie. 
Science. 1982;216:136–44.

https//wwwnc.cdc.gov/eid/article/26/6/et-2606_article
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Appendix Table 1 SARS-CoV-2 seroprevalence by sociodemographic and behavioral characteristics (unadjusted estimates) 

Characteristic N 
Seropositive Seronegative 

p n (%) 95% CI n (%) 95% CI 
All study population 2,476 1,785 (72.2) 69.8–74.4 691 (27.8) 25.6–30.1  
Sex       
 F 1,369 1,005 (73.8) 70.3–77.0 364 (26.2) 22.9–29.7 0.146 
 M 1,107 780 (70.1) 66.6–73.4 327 (29.9) 26.6–33.4  
Geographic area       
 Western 1,724 1,291 (74.3) 71.9–76.5 433 (25.7) 23.5–28.0 0.021 
 Eastern 752 494 (68.3) 63.4–72.9 258 (31.7) 27.1–36.6  
Age group, y       
 0–4 32 22 (70.8) 54.3–83.2 10 (29.2) 16.8–45.7 0.003 
 5–9 165 98 (60.2) 51.7–68.2 67 (39.8) 31.8–48.3  
 10–14 255 163 (61.8) 53.4–69.6 92 (38.2) 30.4–46.6  
 15–19 258 187 (72.4) 65.1–78.6 71 (27.6) 21.4–34.9  
 20–29 497 364 (72.7) 68.0–77.0 133 (27.3) 23.0–32.0  
 30–39 393 295 (74.8) 69.4–79.6 98 (25.2) 20.4–30.6  
 40–49 349 272 (78.6) 72.9–83.3 77 (21.4) 16.7–27.1  
 50–59 265 194 (74.0) 67.5–76.7 71 (26.0) 20.4–32.5  
 60–69 179 131 (73.4) 66.0–79.8 48 (26.6) 20.2–34.1  
 70–79 69 51 (76.6) 62.5–86.5 18 (23.4) 13.5–37.5  
 ≥80 14 8 (65.5) 39.9–84.5 6 (34.5) 15.5–60.1  
Household average monthly income (US $)       
 1–50 602 386 (66.8) 62.6–70.9 216 (33.2) 29.1–37.5 0.003 
 51–250 1,471 1,099 (74.2) 71.3–76.9 372 (25.8) 23.1–28.7  
 251–500 335 259 (75.3) 67.5–81.7 76 (24.7) 18.3–32.5  
 501–1000 53 35 (65.2) 49.3–78.4 18 (34.8) 21.6–50.7  
 >1000 5 1 (20.0) 8.0–41.7 4 (80.0) 58.3–92.0  
Education       
 No formal education 66 41 (58.4) 41.4–73.6 25 (41.6) 26.4–58.6 <0.001 
 Primary 457 281 (62.2) 56.5–67.6 176 (37.8) 32.4–43.5  
 Junior-high school 396 273 (69.7) 63.8–75.0 123 (30.3) 25.0–36.3  
 High school 782 595 (74.6) 70.5–78.3 187 (25.4) 21.7–29.6  
 Secondary (vocational) 263 203 (78.6) 73.6–82.8 60 (21.4) 17.2–26.4  
 Higher (vocational) 46 37 (76.2) 70.3–81.3 9 (23.8) 18.7–29.7  
 University 466 355 (84.0) 69.9–92.2 111 (16.0) 77.9–30.1  
Daily handwashing frequency       
 <1 time 466 297 (64.1) 57.8–69.9 169 (35.9) 30.1–42.3 0.001 
 1–2 times 516 389 (75.4) 70.2–80.0 127 (24.6) 20.0–29.9  
 3–4 times 362 248 (66.1) 59.9–71.7 114 (33.9) 28.3–40.0  
 5–6 times 190 143 (76.8) 71.9–81.0 47 (23.2) 19.0–28.1  
 >6 times 942 708 (74.8) 70.7–78.6 234 (25.2) 21.4–29.3  
Face mask-wearing       
 Never 398 247 (63.6) 56.2–70.5 151 (36.4) 29.6–43.8 0.080 
 Rarely 611 440 (71.6) 67.4–75.4 171 (28.4) 24.6–32.6  
 Sometimes 478 363 (74.8) 69.9–79.1 115 (25.2) 20.9–30.0  
 Often 640 477 (74.5) 70.4–78.1 163 (25.5) 21.9–29.6  
 Always 349 258 (74.1) 64.8–81.6 91 (25.9) 18.4–35.2  
Alcohol intake       
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Characteristic N 
Seropositive Seronegative 

p n (%) 95% CI n (%) 95% CI 
 N 1,663 1,186 (71.6) 68.6–74.5 477 (28.4) 25.6–31.4 0.530 
 Y 813 599 (73.2) 69.2–76.8 214 (26.8) 23.2–30.8  
Tobacco Intake       
 N 2,332 1,683 (72.3) 70.0–74.5 649 (27.7) 25.5–30.0 0.770 
 Y 144 102 (70.4) 56.3–81.5 42 (29.6) 18.5–43.7  
 
 
 
 
Appendix Table 2. SARS-CoV-2 seroprevalence by health districts in a prospective, population-based, cross-sectional study to 
ascertain the cumulative population exposure in Kinshasa, DRC, after the second wave of SARS-CoV-2. 

Health districts N 
Seropositive 

n (%) 95% CI 
All Kinshasa districts 2,476 1,785 (72.2) 69.8–74.4 
Bandalungwa 72 56 (78.0) 69.8–84.6 
Barumbu 76 66 (88.4) 74.9–95.1 
Binza Météo 73 58 (77.9) 57.2–90.3 
Binza Ozone 65 41 (61.3) 47.5–73.5 
Biyela 71 39 (52.6) 43.0–62.0 
Bumbu 71 57 (75.3) 51.7–89.7 
Gombe 66 51 (78.8) 67.5–86.9 
Kalamu 1 75 55 (72.6) 65.8–78.5 
Kalamu 2 71 41 (57.7) 48.7–66.1 
Kasavubu 70 55 (79.3) 65.8–88.4 
Kikimi 75 58 (78.1) 70.1–84.5 
Kimbanseke 74 36 (49.5) 34.3–64.8 
Kingabwa 81 53 (74.5) 59.5–85.3 
Kingasani 73 57 (78.1) 70.0–84.4 
Kinshasa 73 51 (70.3) 58.5–79.8 
Kintambo 69 56 (83.6) 63.9–93.6 
Kisenso 43 36 (81.9) 72.8–88.4 
Kokolo 78 55 (69.3) 58.5–78.3 
Lemba 70 51 (67.3) 50.7–80.5 
Limete 70 47 (67.2) 58.5–74.8 
Lingwala 72 61 (82.1) 72.9–88.5 
Makala 69 43 (62.1) 54.7–69.0 
Maluku 1 54 39 (70.5) 63.2–76.8 
Maluku 2 65 28 (44.3) 35.9–52.9 
Masina 1 70 44 (61.1) 45.8–74.5 
Masina 2 75 66 (88.6) 77.1–94.8 
Matete 76 65 (85.3) 75.5–91.6 
Mont Ngafula 1 77 64 (84.0) 77.2–89.1 
Mont Ngafula 2 70 49 (70.1) 62.9–76.4 
Ndjili 82 61 (72.0) 44.2–89.3 
Ngaba 63 46 (72.9) 63.1–81.0 
Ngiri Ngiri 71 60 (84.8) 73.3–91.9 
Nsele 69 41 (67.8) 54.1–78.9 
Police 67 44 (67.9) 52.7–80.1 
Selembao 80 55 (70.1) 63.0–76.3 
 
  



 

Page 3 of 5 

Appendix Table 3. Distribution of seropositive households (N=585) from a prospective, population-based, cross-sectional study to 
ascertain the cumulative population exposure in Kinshasa, DRC, after the second wave of SARS-CoV-2. 
Variable  n % 
Seropositive household   
 N 34 5.8 
 Y 551 94.2 
Seropositive members   
 <2 89 16.2 
 2–3 257 46.6 
 4–5 146 26.5 
 >5 59 10.7 
 
 

Appendix Figure 1. Pre-pandemic and pandemic samples screening with WANTAI SARS-CoV-2 Total 

Antibodies ELISA kit for a prospective, population-based, cross-sectional study to ascertain the 

cumulative population exposure in Kinshasa, DRC, after the second wave of SARS-CoV-2. Ten measles 

antibody-negative serum samples were randomly selected from samples collected in 2017 as part of 

measles surveillance. An additional 20 known positive and 20 known negative pandemic samples were 

concurrently tested. Sample to assay cutoff OD ratios are presented with a positivity threshold ratio of at 

least 1.1. The known SARS-CoV-2 antibody positive and negative samples were tested using a highly 

sensitive and specific Luminex-based assay detecting IgG directed against the nucleocapsid protein and 

the spike protein (Nkuba et al, 

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34089598&dopt=A

bstract). 
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Appendix Figure 2. Distribution of seropositivity by household for a prospective, population-based, 

cross-sectional study to ascertain the cumulative population exposure in Kinshasa, DRC, after the second 

wave of SARS-CoV-2. 
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Appendix Figure 3. Distribution of seropositive household members in a prospective, population-based, 

cross-sectional study to ascertain the cumulative population exposure in Kinshasa, DRC, after the second 

wave of SARS-CoV-2. 

 


