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A B S T R A C T

Introduction: The Republic of the Congo detected its first case of coronavirus disease 2019 (COVID-19) on
March 14, 2020, and within several weeks, the country had introduced protective measures that were still
in force in July 2020. Over the course of time, the progression in the number of clinical cases has appeared
to be lower than expected, although reverse transcription polymerase chain reaction (RT-PCR) testing has
been somewhat limited. In order to evaluate the incidence of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) within the Congolese population, a seroprevalence study was conducted on
healthy individuals from different districts of Brazzaville who were willing to know their COVID-19
infection status.
Methods: Oropharyngeal swab and blood samples were collected from 754 healthy volunteers between April
2020 and July 2020. The samples were analyzed for SARS-CoV-2 using a qualitative RT-PCR assay, and
Immunoglobulin G (IgG) and Immunoglobulin M (IgM) antibodies were detected using two different rapid tests.
Results: A total of 56 participants (7.4%) tested positive for SARS-CoV-2. The remaining 698 participants
(92.6%) had negative RT-PCR results; of these, 117 were found to have anti-SARS-CoV-2 antibodies using
serological tests. For these RT-PCR-negative subjects, the seroprevalence of IgG and IgM was found to
increase over time: from 1.7% and 2.5% in April, up to 14.2% and 17.6% in July, respectively. In April 2020, 5%
of the womenwere found to have IgG or IgM antibodies, whereas the antibodies were not detected in any of
the men. The seroprevalence in RT-PCR negative subjects was significantly higher in women within IgG
(P = 0.012) and IgM (P = 0.045) over the first three months.
Conclusion: The proportion of the population who seroconvert over the course of the first wave is an
important data to predict the risk of future COVID-19 waves and this will facilitate the efficient use of
limited resources in a low income country like the Republic of the Congo.
© 2020 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

The occurrence of asymptomatic individuals with coronavi-
ruses presents a significant public health issue (Nikolai et al.,

2020). As of December 15, 2020, there had been more than
73,557,491 coronavirus disease 2019 (COVID-19) infections world-
wide and 1,637,053 deaths (University JH, 2020). The United States
had the highest number of infections in the world, with 16,724,753
cases and 303,849 deaths. In Africa, South Africa had the highest
number of cases (873,678) and deaths (23,661). The Republic of the
Congo, with an estimated population of 5,300,000, had recorded
6200 cases and 100 deaths, as of December 12, 2020 (SITREP 115,
Congo).

While most countries, including those in Central Africa, have set-
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up virus-detection procedures for screening symptomatic individu-
als and close contacts of COVID-19 cases, systems are lacking that
would enable the systematic detection of mild and asymptomatic
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ases. It is clear that more testing would enable the identification of
ore asymptomatic individuals, but this would be particularly
hallenging for low-resource countries, like many in sub-Saharan
frica (https://ourworldindata.org/coronavirus-testing).
In the Republic of the Congo, the testing capacity has increased

ince the beginning of the outbreak on March 14, 2020, when the
rst case was detected. However, testing remains limited (Velavan
nd Meyer, 2020), thus rendering it difficult to evaluate the spread
f severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
ithin the population. When testing is restricted to symptomatic
ases, an accurate estimate of the incidence cannot be obtained. In
he Republic of the Congo, Brazzaville and Pointe-Noire are the
argest cities, and they have the highest number of COVID-19 cases
4087 and 1600, respectively; SITREP 115, Congo, December, 12th
020).
The World Health Organization (WHO) has recommended the

olecular diagnosis of SARS-CoV-2 using reverse transcription
olymerase chain reaction (RT-PCR) (World Health Organization,
020). However, the technique is expensive and requires special-
zed equipment, trained personnel, and a reliable electricity
upply. Rapid diagnostic tests (RDT) have been developed that
etect the antibodies produced against the virus, and they could be
onsidered as an alternative for identifying individuals who have
een exposed to the infection a minimum of 7–14 days beforehand.
he tests detect the presence of Immunoglobulin G (IgG) and
mmunoglobulin M (IgM) antibodies, which reflect the course of
he infection, and can demonstrate seroconversion at a time when
he RT-PCR sensitivity has decreased (Hains et al., 2020; Wang
t al., 2020). This tool could therefore be used to inform public
ealth authorities concerning the development of herd immunity
ithin the population (Nikolai et al., 2020). The aim of this study
as to determine the seroprevalence of SARS-CoV-2 in the
ongolese population residing in Brazzaville.

aterials and methods

tudy area

The study was conducted in Brazzaville, capital of the republic
f the Congo. Individuals were recruited at the Health center of the
ondation Congolaise pour la Recherche Médicale located in
assissia (diatsrict of Madibou), southern part of Brazzaville, from
pril to July 2020. The municipality of Madibou is located in the
outh of the city of Brazzaville with an area of 80 km2. The
opulation of Madibou is 100,000 (District 8 Madibou).

tudy participants and sample collection

We performed a cross-sectional study by proceeding to an
pen-invitation screening in Brazzaville using mouth to mouth
pread of information and also by contacting most of the biggest
ompanies and societies established in the capital and encouraging
heir workers to be tested. Only individuals without any disease
ymptom, aged more than 18 years old and giving a written
onsent were enrolled. During the interview before enrolment,
ome of the participants reported to have been in contact with a
iagnosed COVID-19 positive patient. The participants were
esident of all the districts of Brazzaville. Personal data (age,
ex, occupation, place of residence) and oropharyngeal swab and
lood samples were collected and stored at �80 �C until analysis

to detect SARS-CoV-2 were performed using a clinically validated
kit approved by the Chinese National Medical Products Adminis-
tration (Liferiver, Shanghai, China) on a a high-performance, high-
throughput PCR platform (96 well plates) LightCycler1 480
RealTime PCR System (Roche Diagnostics) according to the
instructions, with Ct values below 40 considered positive.

IgG/IgM detection

Samples were tested using two COVID-19 IgG/IgM rapid test
cassettes: SiennaTM (Salofa Oy, Salo, Finland) and UNscience1

(UNscience Biotechnology, Wuhan, China,). The SiennaTM COVID-
19 IgG/IgM rapid test cassettes have a sensitivity of 88.24% for IgG
and 91.76% for IgM; the specificity is 99.46% for IgG and 99.19% for
IgM. The sensitivity of the UNscience1 COVID-19 IgG/IgM rapid
test is 98.81%, and the specificity is 98.02%. Both of the tests are
immunochromatographic assays and use a combination of
particles coated with SARS-CoV-2 antigens for the qualitative
detection of IgG and IgM antibodies. To perform the tests, a small
amount of the sample is applied to the cassette (10 ml for SiennaTM;
20 ml for UNscience1), and the buffer is then added (two drops for
SiennaTM; one drop for UNscience1). The results are read 10–20
min later. The result is positive when one or two colored lines
appear in the test regions for IgG and IgM, as well as a colored line
in the control region. The result is negative when there is a colored
line in the control region, but no line appears in the test regions for
IgG and IgM. The result is invalid when the control line fails to
appear. In this study, a sample was considered to be positive when
there were positive test results for both RDTs.

Ethics statement

The study was approved by the Institutional Ethics Committee
of the Congolese Foundation for Medical Research, Brazzaville, the
Republic of the Congo. Before enrollment, written informed
consent was obtained from the participants, and the confidentiali-
ty of the data was ensured.

Statistical analysis

The data were entered into CSpro (version 7.4.0) and analyzed
using SPSS version 24. GraphPad (version 8.0.4) was used to
generate the figures, and maps were created using QGIS.
Descriptive statistics were calculated for all of the variables,
including the prevalence rates, and adjustments were made for
clustering effects in the RT-PCR results. Chi-square tests and
Fisher’s exact tests were used to analyze the associations between
the following variables: RT-PCR (+/�), IgG(+/�), IgM(+/�), sex, age,
month of enrollment, and place of residence. P values less than
0.05 were considered to be statistically significant.

Results

Sociodemographic findings

A total of 754 participants (463 men; 291 women) were
recruited between April 1, 2020 and July 31, 2020, all of whom
resided in the districts of Brazzaville. The average age was 39.69
years (SD = 13.07; range = 18–90 years). Of the 754 samples taken
from asymptomatic subjects, 56 were found to have an active
erformance.

ARS-CoV-2 detection

RNA was extracted using QIAamp Viral RNA Mini kit (Qiagen,
alencia, CA) according to instructions. Qualitative RT-PCR assays
4

SARS-CoV-2 infection (7.4%). For the samples taken from the men,
9.3% (43/463) were found to have the infection, compared to 4.5%
(13/291) for the women. This sex difference was statistically
significant (p = 0.014). The infection was not found to be associated
with age. The most affected district of Brazzaville was Moungali,
which had 17 cases (18.1%). There was significant difference

https://ourworldindata.org/coronavirus-testing


A.L. Batchi-Bouyou, L. Lobaloba Ingoba, M. Ndounga et al. International Journal of Infectious Diseases 106 (2021) 3–7
(p = 0.004). Participants with a positive RT-PCR test result were
referred to the health care program of the COVID-19 National
Response Committee.

Serology testing

The overall seroprevalence of IgM and/or IgG was 19.8% (n = 149/
754). Itwas found that9.28% (n = 70/754)of thesamples were positive
for both IgM and IgG (IgM+IgG+). IgG was detected in 10.7% (n = 81/
754) of the total samples, while IgM was detected in 13.7% (n = 103/
754) of the samples(Table1). In April 2020, theoverall seroprevalence
was 1.7% for IgG and 2.5% for IgM; this increased over time, and in July
it reached 15.5% and 19.8% for IgG and IgM, respectively (Figure 1). Of
the 754 study participants, a total of 698 individuals were RT-PCR
negative (92.6%). Of these, 117 had detectable anti-SARS-CoV-2
antibodies; there were 9.2% (n = 64/698) with IgG+; 11.5% (n = 80/698)
with IgM+; and 7.7% (n = 54/698) with both IgG+ and IgM+ (Table 1).
The seroprevalence increased over time, from 1.7 % (IgG+) and 2.5%
(IgM+) in April 2020, up to 14.2% (IgG+) and 17.6% (IgM+) in July 2020
(Figure 1).

IgG/IgM and gender

In April 2020, IgG was detected in 3.3% of the women, and IgM
was detected in 4.9% of the women. In contrast, there were no
detectable IgG or IgM antibodies for the men. In April, May, and
June, the seroprevalence in IgG was higher in the women, and this
sex difference was statistically significant RT-PCR negative
individuals (p = 0.012) (Figure 2).

Discussion

This cross-sectional study is the first to report the seropreva-
lence of SARS-CoV-2 in the Congolese population and, to the best
of our knowledge, in the Central African population. It was a pilot
investigation that only used two serological RDTs, as the study
was conducted during the lockdown with limited additional
resources, such as reagents. The study was carried out as part of a
massive screening campaign to detect SARS-CoV-2 within the
general Congolese population residing in Brazzaville, the capital,
which is the city with the highest incidence of COVID-19 (about
65%; SITREP 115, Congo).

In sub-Saharan Africa, the seroprevalence of SARS-CoV-2 anti-
bodies has been reported to be 5.6% in Kenya, based on the results of
blood donors (Uyoga et al., 2020), and 12.3% in Malawi, based on the
results of healthcare workers (Chibwana et al., 2020). We found a
seroprevalence  of 19.8% in the Republic of the Congo, based on the
resultsofallofthestudyparticipants; fortheRT-PCRnegativesubjects,
the prevalence stood at 16.8%. This is around half of that found in the
United States, the most affected countryso far, where a seroprevalence
of 31.5% has been reported at the epicenter of the country’s COVID-19
outbreak (Naranbhai et al., 2020). In Switzerland, the prevalence of
antibodies has been reported to be somewhat lower, standing at 1.6%,
based on the results of enzyme-linked immunosorbent assays (ELISA)

in healthcare workers (Korth et al., 2020). Our study found that 7.4% of
adults without any symptoms had an active SARS-CoV-2 infection.
Whilethereisevidencefromsomecountriesthat lockdownsmayhave
reduced the incidence of the disease (Ogunleye et al., 2020; Alfano and
Ercolano, 2020), the present study was not able to determine whether
there was an effect on the number of asymptomatic infections. This is
due tothe sample sizeas well as limited data; for instance, the number
of cases (confirmed or suspected) before the lockdown was not
available. Our results revealed a high prevalence of SARS-CoV-2
antibodies, much higher than the 3.35% reported in Wuhan, the
epicenter of the COVID-19 outbreak in China (Ling et al., 2020). This
implies that the population of Brazzaville was still exposed to the virus
at the end of the study period. With an estimated population of
1,838,348, an overall seroprevalence of 19.8% would mean that around
363,993inhabitantswouldbesusceptibletoseroconverttoSARS-CoV-
2, that is around one-fifth of the inhabitants of Brazzaville.

The highest number of RT-PCR positive individuals was in the
district of Moungali. This is located next to Talangaï, which has
previously been found to have the highest number of symptom-
atic and contact cases (results from national screening; SITREP,
Congo). The high prevalence of SARS-CoV-2 in Moungali could
be attributed to non-compliance  with containment measures,
which may relate to the intensive business activity of this area.
Similar observations have been made in Brazil (Borges et al.,
2020). Seroprevalence studies provide good indicators of the
scale and spread of the pandemic, and they can be used to
predict the probability and timing of future recrudescent waves
(Bryant et al., 2020). They can inform public health decisions
concerning city lockdowns, church and school closures, travel
restrictions, social distancing (Bryant et al., 2020), and
interventions, such as vaccines and therapeutic initiatives
(Mayne et al., 2020). If diagnostic tests are only performed
when there is clinical suspicion, there can be a selection bias.
Indeed, some authors have shown the importance of consider-
ing asymptomatic patients in order to assess with more
certainty the prevalence of a disease (Sutton et al., 2020; Sood
et al., 2020). It is known that bias due to false positives and false
negatives can be common when serological testing is considered
at the individual level (Mallapaty, 2020; Vogel, 2020). However,
at the population level, it is possible to obtain a reliable estimate
of the average seroprevalence, even when there is only
moderate sensitivity and specificity (Bryant et al., 2020). In
any case, in order to minimize the risk of any bias, we employed
two different RDTs. Only samples that tested positive for both
RDTs were considered to be positive. However, a consequence of
this approach is that the reported seroprevalence may actually
be an under-estimate. By using ELISA assays in future studies,
the results may be found to differ. Since the start of the COVID-
19 pandemic, the infection has been under-diagnosed because of
limited testing capacity and also, most probably, because of the
spontaneous resolution of untreated cases. The present study is
important because it enabled cases to be detected that would
otherwise have been missed, specifically around 15–19% of
asymptomatic individuals. This seroprevalence is high com-
pared to a study carried out in Korea, where a rate of just 7.6%
was found (Song et al., 2020). The results of this study are in line
with the findings of the national screening in the Republic of the
Congo, which reported that 75% of infections are carried by men.
The results are also similar to those reported by Shields et al.
(2020).

Table 1
Number of Congolese participants with IgG and IgM according to the presence or
absence of the SARS-CoV-2 virus.

Immunoglobulin type All participants
N = 754

SARS-CoV-2 RT-PCR
Negative
N = 698

Positive
N = 56

p Value

IgG+ 81 (10.7) 64 (9.2) 17 (30.4) <0.0001
IgG� 673 (89.3) 634 (90.8) 39 (69.6)
IgM+ 103 (13.7) 80 (11.5) 23 (41.1) <0.0001
IgM� 651 (86.3) 618 (88.5) 33 (58.9

5

Countries throughout Africa are currently developing vaccine
strategies in order to be able to protect their populations (Graham,
2020; Nkengasong et al., 2020). In this context, it is important to
have an idea of the local herd immunity so that it is possible to
estimate the number of those needing to be vaccinated. The sero-
epidemiological data will form a crucial part of this.



Figure 1. The prevalence of IgM and IgG antibodies against SARS-CoV-2 in asymptomatic Congolese individuals from April 2020 to July 2020.

Figure 2. A: Prevalence of SARS-CoV-2 IgG according to sex from April 2020 to June 2020 in Congolese participants.
B: Prevalence of SARS-CoV-2 IgG according to sex from April 2020 to June 2020 in Congolese participants with a negative RT-PCR.
C: Prevalence of SARS-CoV-2 IgM according to sex from April 2020 to June 2020 in Congolese participants.
D: Prevalence of SARS-CoV-2 IgM according to sex from April 2020 to June 2020 in Congolese participants with a negative RT-PCR.
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Conclusion

This study shows that there have been a significant number of
undiagnosed SARS-CoV-2 infections in Brazzaville. By determining
the proportion of the population who seroconvert over the course
of the first wave of COVID-19 in the Republic of the Congo, it is
possible to evaluate the risk of future waves more accurately,
which will in turn facilitate the efficient use of limited resources.
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