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Arfic{e history: Background: COVID-19 transmission and disease dynamics in sub-Saharan Africa are not well understood.
Received 3 November 2021 Our study aims to provide insight into COVID-19 epidemiology in Malawi by estimating SARS-CoV-2
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prevalence and immunity after SARS-CoV-2 infection in a hospital-based setting.
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Methods: We conducted a hospital-based, convenience sampling, cross-sectional survey for SARS-CoV-2
in Lilongwe, Malawi. Participants answered a questionnaire and were tested for SARS-CoV-2 by enzyme-

Keywords: linked immunosorbent assay and real-time reverse-transcription polymerase chain reaction (RT-PCR). A
serosurvey surrogate virus neutralization test (SVNT) was performed in seropositive samples to estimate immunity.
COVID-19 Poisson regression was used to assess SARS-CoV-2 point prevalence association with demographic and
prevalence behavioral variables.

;\2’2&2“3’ Findings: The study included 930 participants. We found a combined point prevalence of 10.1%. Sepa-
Afica rately analyzed, RT-PCR positivity was 2.0%, and seropositivity was 9.3%. Of tested seropositive samples,

90.1% were sVNT positive. We found a high rate (45.7%) of asymptomatic SARS-CoV-2 infection. SARS-
CoV-2 point prevalence was significantly associated with being a healthcare worker.
Interpretation: Our study suggests that official data underestimate COVID-19 transmission. Using sVNTs
to estimate immunity in Malawi is feasible and revealed considerable post-infection immunity in our
cohort. Subclinical infection and transmission are probably a game-changer in surveillance, mitigation
and vaccination strategies.
© 2022 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/)

Research in context

timates of SARS-CoV-2 prevalence regarding sSA countries in
the literature. We searched the PubMed database until July
29th 2021, for the following terms: "COVID-19" or "SARS-
CoV-2" and "Africa" and "prevalence" or "seroepidemiology".
In a recent meta-analysis from Chisale et al., 23 studies from
16 countries were included. In the published studies, a wide
range of estimated prevalence (0%-63%) reflects actual differ-
ences in regional prevalence and differences in selection cri-
teria. There is only one serosurvey from Malawi that was con-
ducted in 500 HCWs in Blantyre.
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Evidence before this study

SARS-CoV-2 burden of disease in sub-Saharan Africa (sSA)
is still not well understood. Serological surveillance has been
implemented to estimate the true SARS-CoV-2 prevalence,
however, predominantly in high-income countries. Currently,
there is an increasing but still small number of reported es-

E-mail address: andreas.schultz@ukbonn.de (A. Schultz).

https://doi.org/10.1016/j.ijid.2021.12.336
1201-9712/© 2022 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/)


https://doi.org/10.1016/j.ijid.2021.12.336
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2021.12.336&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:andreas.schultz@ukbonn.de
https://doi.org/10.1016/j.ijid.2021.12.336
http://creativecommons.org/licenses/by-nc-nd/4.0/

C. Meinus, R. Singer, B. Nandi et al.

fection is of utmost interest for public health decisions. Re-
cently, a surrogate virus neutralization test has been estab-
lished to detect neutralizing antibodies as markers of im-
munity post-infection or post-vaccination without using live
viruses. We searched the PubMed database until July 29t
for the following terms: “COVID-19” or “SARS-CoV-2" and
“Africa” and “immunity” and “surrogate virus neutralization
assay”. Although especially useful in settings with limited
laboratory infrastructure, it has only been evaluated in one
study in sub-Saharan Africa.

Added value of this study

To our knowledge, this is the first large-scale SARS-CoV-2
serosurvey in sSA that also included PCR testing to comple-
ment overall prevalence with recent SARS-CoV-2 infections
and an sVNT assay to investigate for immunity. Our study
adds to the growing evidence that official data might un-
derestimate the true magnitude of COVID-19 transmission in
sSA. We also found a high rate (45¢7%) of SARS-CoV-2 posi-
tive participants that did not report any symptoms related to
COVID-19 in the last six months.

Performance of sVNT to estimate immunity is feasible in
Malawi and revealed a considerable rate of post-infection im-
munity in our cohort. Of those that were tested seropositive,
90¢1% displayed neutralizing antibodies. This is a consider-
able and higher than expected rate of seemingly protected
individuals at the early stage of the epidemic.

Implications of all available evidence

SARS-CoV-2 prevalence and immunity are vastly under-
estimated by official surveillance. Serial population-based
serosurveys, preferably in combination with excess mortal-
ity studies, need to be implemented into the national testing
strategy to respond to the pandemic’s continuously changing
dynamics. Asymptomatic and subclinical infection and trans-
mission seem to be high. It would be most helpful to now
identify factors associated with SARS-CoV-2 infections, sever-
ity of infection and immunity in sub-Saharan Africa. A tar-
geted risk group approach in prevention that includes vacci-
nation and adequate treatment options for the affected might
be more effective than undirected lockdown and distanc-
ing measures to reduce socio-economic impact and maintain
health likewise.

Introduction

Sub-Saharan Africa countries were expected to be highly vul-
nerable to COVID-19 due to fragile healthcare systems and poten-
tially vulnerable populations (Gilbert et al., 2020). However, ac-
cording to official surveillance data, prevalence and mortality con-
tinue to be comparably low. To date, the USA has an approximately
25-fold higher number of registered cases and deaths than Malawi,
raising questions about the actual prevalence of the disease and
potential pre-existing immunity in Malawi https://covid19.who.int/
WHO Coronavirus (COVID-19) Dashboard 2021.

Serological surveillance has been implemented to estimate
true SARS-CoV-2 prevalence; however, this is predominantly in
high-income countries (Bobrovitz et al., 2021). Currently, there
are increasing but still small reported estimates of SARS-CoV-2
prevalence in African countries. In a recent meta-analysis from
Chisale et al. of 23 studies from 16 countries, a wide range of
reported estimated prevalence (0%-63%) reflected actual differ-
ences in regional prevalence and differences in selection criteria
(Chisale et al., 2021). In general, SARS-CoV-2 exposure is reported
to be more extensive than indicated by case-based surveillance,
suggesting that the total number of cases is greatly underesti-
mated.

Data on disease prevalence and acquired immunity after infec-
tion is important for public health decisions in future waves of the
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COVID-19 pandemic and worldwide initiation of vaccination cam-
paigns (Salyer et al., 2021). Recently, a surrogate virus neutraliza-
tion test has been established as an alternative to the gold stan-
dard conventional virus neutralization test, to detect neutralizing
antibodies without using live viruses (Tan et al., 2020). It is a high-
throughput serological test that mimics virus-host interaction in an
enzyme-linked immunosorbent assay (ELISA) plate, especially use-
ful in settings with limited laboratory infrastructure (Marien et al.,
2021).

Malawi is a low-income country in south-eastern Africa with a
population of approximately 17.6 million people. It is characterized
by a predominantly rural (84%) and young (median age 17 years)
population http://www.nsomalawi.mw (Malawi National Statistical
Office 2021). Multidimensional poverty, other pre-existing health
priorities such as malaria, malnutrition, tuberculosis and HIV, and
deficiencies in the health infrastructure (Sonenthal et al., 2020)
are considered key contextual contributors to COVID-19 severity
and mortality. One estimate projected 16 million infections and 50
000 COVID-19 deaths over one year in an unmitigated scenario in
Malawi (Green et al., 2020).

On 20 March 2020, COVID-19 was declared a national disas-
ter in Malawi, and a multisectoral approach to mitigate the spread
of the disease in consideration of competing health priorities and
the socioeconomic context was initiated (Mzumara et al., 2021;
The Republic of Malawi 2021). However, political mistrust and
gatherings hampered mitigation strategies during anti-government
demonstrations and mass political campaigns (Mzumara et al.,
2021, Nyasulu et al, 2021). Community belief of unjustified na-
tional regulations and a perception of a low risk of COVID-19 neg-
atively affected adherence to prevention measures (Banda et al.,
2021). In addition, an already challenged health sector with limited
financial and personal resources was further challenged by a strike
of health providers demanding the provision of adequate personal
protective equipment and staffing levels (Nyasulu et al., 2021). In
2020, the recorded incidence of SARS-CoV-2 infections peaked at
the end of July and slowly decreased until the start of Septem-
ber. As of 24 August 2020, Malawi had cumulatively recorded 5419
cases, including 169 deaths, contrasting to predicted higher num-
bers https://www.malawipublichealth.org/ (Public Health Institute
of Malawi 2021). Our study aimed to provide insight into the
epidemiology of COVID-19 in Malawi by estimating SARS-CoV-2
prevalence and immunity after SARS-CoV-2 exposure in a conve-
nience sample from healthcare workers (HCWs) and non-HCWs in
a hospital-based setting.

Methods
Study design and study population

Between 24 August and 3 September 2020, we conducted a
hospital-based, cross-sectional survey for SARS-CoV-2 at Kamuzu
Central Hospital in Lilongwe, Central Region, Malawi. Kamuzu Cen-
tral Hospital is a tertiary level hospital that provides referral ser-
vices for 5 district hospitals. The population in the direct commu-
nity numbers 1.6 million, but the hospital also serves the popula-
tion across the wider region.

The study population included participants working or present-
ing at the facility. HCWs were defined as healthcare profession-
als, allied health workers and administration; non-HCWs were de-
fined as patients, guardians and relatives. Participants were se-
lected through convenience sampling, aimed at an equal distri-
bution of HCWs and non-HCWs. Participants under 18 years and
those who presented with contraindications to venipuncture or
who were unwilling or unable to consent were excluded. Written
informed consent (in Chichewa or English) was obtained from all
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participants. Witnesses assisted participants who were not able to
read in English or Chichewa.

Data collection

The collection of serum samples and nasopharyngeal swabs was
carried out following a standard protocol approved by the College
of Medicine Research and Ethics Committee Malawi. Participants
answered a questionnaire that included sociodemographic infor-
mation, possible exposure with SARS-CoV-2, medical and travel
history. Anonymized data entry was performed using an electronic
case report form on a tablet. Serum samples were collected by
venipuncture and were tested for SARS-CoV-2 antibodies by ELISA.
Participants were also offered testing for acute SARS-CoV-2 infec-
tion by nucleic acid testing.

Detection of SARS-CoV-2 antibodies

Serum samples were tested in a single replicate for the pres-
ence of SARS-CoV-2-IgG antibodies using a commercially available
ELISA from Euroimmun (Liibeck, Germany). Assays were performed
according to the manufacturer’s guidelines. The microplate wells
are coated with recombinant S1 structural protein, and the assay
detects SARS-CoV-2-IgG antibodies against the viral spike protein.
Results were evaluated semi-quantitatively by calculating a ratio of
the extinction of the control or patient sample over the extinction
of the calibrator. According to the manufacturer’s guidelines, the
ratio was interpreted as following <0.8 negative, >0.8 <1.1 bor-
derline, >1.1 positive. Borderline results were re-run in a single
replicate and considered positive, negative or borderline accord-
ingly. Validation of the Euroimmun test kit in the Malawian setting
was performed in 81 respective negative sera collected before July
2019.

Surrogate virus neutralization test

Subsequently, a surrogate virus neutralization test (SVNT, Gen-
Script Biotech Corporation, New Jersey, USA) was performed in
seropositive samples. Assays were performed according to the
manufacturer’s guidelines. This assay detects circulating neutraliz-
ing antibodies against SARS-CoV-2 that specifically inhibit the in-
teraction between the receptor-binding domain of the viral spike
glycoprotein and the angiotensin-converting enzyme 2 cell surface,
without the use of live SARS-CoV-2. Results are evaluated semi-
quantitatively by calculating the percentage inhibition ([1- aver-
age optical density of sample/average optical density of negative
control] x 100%). According to the manufacturer’s information, a
sample with an inhibition >20% was considered positive and <20%
negative. Validation of the sVNT test kit in the Malawian setting
was performed in 44 respective negative sera collected before July
2019.

Laboratory nucleic acid test

Nasopharyngeal swabs were collected whenever additional in-
formed consent was given to determine SARS-CoV-2 prevalence
by real-time reverse-transcription polymerase chain reaction (RT-
PCR). Viral RNA was extracted manually using QIAamp Viral RNA
Mini Kit (Qiagen, Hilden, Germany), and RT-PCR assays were per-
formed according to the manufacturer’s instructions. The LightMix
SarbecoV E-Gene PCR assay (TIB Molbiol, Berlin, Germany), target-
ing the E gene, was used for primary screening. The amplification
curve’s cycle threshold (Ct) value was defined as positive if Ct <36
and negative if Ct >36. All positive results were confirmed using
a LightMix Modular Wuhan COV RdRP-gene (TIB Molbiol, Berlin,
Germany), targeting the RNA-dependent RNA polymerase (RARP)
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gene. The Ct value of the amplification curve was defined as posi-
tive if Ct <39 and negative if Ct >39. Due to technical reasons re-
sulting in invalid test results, RT-PCR was alternatively performed
using the Abbott RealTime SARS-CoV-2 Amplification Reagent Kit
on the Abbott m20000rt (Abbott Diagnostics Scarborough, USA) in
105 samples. The panel targets the SARS-CoV-2 RdRP and N genes
of the SARS-CoV-2 genome. The Abbott m2000rt instrument au-
tomatically reports the results and interpretations on the Abbott
m2000rt workstation as positive or negative. Results were consid-
ered positive if either confirmed as positive using a LightMix Mod-
ular Wuhan COV RdRP-gene (TIB Molbiol, Berlin, Germany) or if
reported positive using Abbott RealTime SARS-CoV-2 Amplification
Reagent Kit on the Abbott m20000rt.

Statistical analysis

All statistical analyses were performed using STATA (v17, Stata
Corp, LP, TX, USA) software. A descriptive analysis was performed
to investigate participants’ characteristics. Prevalence and 95% CI
estimates were calculated for RT-PCR and ELISA separately. The
point prevalence of SARS-CoV-2 and 95% Cls were estimated as a
combined prevalence by dividing the number of individuals who
had a positive result in the ELISA and/or a positive result in the
RT-PCR over the number of all participants. To explore differences
in SARS-CoV-2 point prevalence according to demographic and be-
havioral variables, we performed a univariable and multivariable
Poisson regression model and calculated prevalence ratios (PR). We
applied a multivariable regression model to estimate the adjusted
PR, including all variables of interest associated with SARS-CoV-2
point prevalence at a P-value <0.20 or clinically appropriate (e.g.,
sex and age group) for the analysis. We also performed a mul-
ticollinearity test for independent variables in the multivariable
model to assess any intercorrelations between them. A robust stan-
dard error for the parameter estimates was applied to control for
mild violation of underlying assumptions (Tamhane et al., 2016).
All performed tests were two-tailed. Statistical significance was set
at P-value <0.05.

Results

A total of 962 participants attended the study. Of those, 32
were excluded from the analysis because of incomplete data and/or
withdrawal of consent. Of the 930 included participants, 914 pro-
vided a specimen for ELISA and 734 provided a specimen for the
RT-PCR. A total of 927 participants had available results on ELISA
or/and RT-PCR. For the subsequent sVNT assay, 4 seropositive sam-
ples had to be excluded because of insufficient remnant serum.
Due to dissociative labeling, 75 laboratory specimens could not be
assigned to a participant and were excluded (Figure 1).

Of the 930 participants included for data analysis, 48.3% were
HCWs and 51.7% non-HCWs. Of the HCWs, 75.1% were direct clini-
cians (such as doctors, nurses), 22.0% were direct non-clinical staff
(such as guards, housekeeping and others), 0.9% were indirect clin-
icians (such as staff working at the pharmacy or laboratory), and
2.0% were indirect non-clinical staff (such as administration). Over-
all, 599 participants were female (64.4%). The majority of the par-
ticipants were aged 18-29 years (33.3%) or 30-39 years (33.2%).
In addition, the majority of the participants resided in Lilongwe
(89.1%) and were of Malawian nationality (99.0%). Further partici-
pants’ demographics are summarized in Table 1.

When combining the prevalence of SARS-CoV-2 seropositivity
and the RT-PCR positive cases, there was a combined point preva-
lence of 10.1% (95% CI 8.4-12.3). Separately analyzed, the RT-PCR
positivity was 2.0% (95% CI 1.2-3.4) and the seropositivity 9.3% (CI
95% 7.6-11.4) (Table 2). Of those tested positive for SARS-CoV-2 an-
tibodies or/and RT-PCR, 45.7% did not report any symptoms in the
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Table 1
Participant demographics, n (%) or median (range)

All participants Total = 930  HCW Total = 449  Non-HCW Total = 481

Sex

Female 599 (64.4%) 283 (63.0%) 316 (65.7%)
Male 331 (35.6%) 166 (37.0%) 165 (34.3%)
Age (years)

Median (IQR) 35 (27-43) 33 (27-41) 35 (27-45)
Age group

18-29 310 (33.3%) 154 (34.3%) 156 (32.4%)
30-39 309 (33.2%) 161 (35.9%) 148 (30.8%)
40-49 178 (19.1%) 92 (20.5%) 86 (17.9%)
50-59 91 (9.8%) 34 (7.6%) 57 (11.9%)
>=60 42 (4.5%) 8 (1.8%) 34 (7.1%)
District

Lilongwe 829 (89.1%) 449 (100%) 380 (79%)
Other 100 (10.8%) . 100 (20.8%)
Unknown 1 (0.1%) . 1 (0.2%)
Household number

Median (IQR) 4 (3-6) 4 (3-6) 5 (3-6)
Nationality

Malawian 921 (99.0%) 440 (98.0%) 481 (100%)
Other 9 (1.0%) 9 (2.0%) 0
Educational attainment

None 74 (8.0%) 6 (1.3%) 68 (14.1%)
Primary 256 (27.5%) 34 (7.6%) 222 (46.2%)
Secondary 289 (31.1%) 130 (29.0%) 159 (33.1%)
Higher 310 (33.3%) 278 (61.9%) 32 (6.7%)
Unknown 1(0.1%) 1(0.2%) -
Pregnancy (only female, n=599)

Yes 20 (3.3%) 11 (3.9%) 9 (2.9%)

No 572 (95.5%) 269 (95.1%) 303 (95.9%)
Unknown/Missing 7 (1.2%) 3 (1.1%) 4 (1.3%)
Chronic precondition

Yes 209 (22.5%) 66 (14.7%) 143 (29.7%)
No 721 (77.5%) 383 (85.3%) 338 (70.3%)
Cancer

Yes 33 (3.6%) . 33 (6.9%)
No 896 (96.3%) 449 (100%) 447 (92.9%)
Unknown 1(0.1%) . 1(0.2%)
Diabetes

Yes 22 (2.4%) 8 (1.8%) 14 (2.9%)
No 904 (97.2%) 440 (98.0%) 464 (96.5%)
Unknown 4 (0.4%) 1(0.2%) 3 (0.6%)
HIV

Yes 112 (12.0%) 26 (5.8%) 86 (17.9%)
No 808 (86.9%) 417 (92.9%) 391 (81.3%)
Unknown 10 (1.1%) 6 (1.3%) 4 (0.8%)
Heart disease

Yes 32 (3.4%) 18 (4.0%) 14 (2.9%)
No 897 (96.5%) 430 (95.8%) 467 (97.1%)
Unknown 1 (1.0%) 1(0.2%)

Sickle cell disease

Yes 1(0.1%) . 1 (0.2%)
No 926 (99.6%) 448 (99.8%) 478 (99.4%)
Unknown 3(0.3%) 1 (0.2%) 2 (0.4%)
Asthma

Yes 34 (3.7%) 21 (4.7%) 13 (2.7%)
No 896 (96.3%) 428 (95.3%) 468 (97.3%)
Tested for Malaria

Yes 240 (25.8%) 119 (26.5%) 121 (25.2%)
No 688 (74%) 329 (73.3%) 359 (74.6%)
Unknown/Missing 2 (0.2%) 1(0.2%) 1(0.2%)
Positive Malaria test (n=240)

Yes 75 (31.3%) 22 (18.5%) 53 (43.8%)
No 165 (68.8%) 97 (81.5%) 68 (65.2%)
Symptoms of COVID-19 in the previous 6 months

Yes 341 (36.7%) 203 (45.2%) 138 (28.7%)
No 582 (62.6%) 224 (54.3%) 338 (70.3%)
Unknown/Missing 7 (0.8%) 2 (0.5%) 5 (1.0%)
Fever 126 (13.6%) 61 (13.6%) 65 (13.5%)
Cough 202 (21.7%) 132 (29.4%) 70 (14.6%)
Shortness of Breath 29 (3.1%) 16 (3.6%) 13 (2.7%)
Runny nose 186 (20.0%) 119 (26.5%) 67 (13.9%)
Sore throat 59 (6.3%) 54 (12.0%) 5 (1.0%)
Hospitalized 16 (1.7%) 3 (0.7%) 13 (2.7%)

(continued on next page)
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Table 1 (continued)
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All participants Total = 930

HCW Total = 449  Non-HCW Total = 481

Travel history last 6 months

Yes 15 (1.6%)
No 915 (98.4%)
Contact to COVID-19 case inside the hospital

Yes 157 (16.9%)
No 709 (76.2%)
Unknown/Missing 64 (6.9%)
Contact to COVID-19 case outside the hospital

Yes 47 (5.0%)
No 820 (88.2%)
Unknown/Missing 63 (6.8%)

10 (2.2%) 5 (1.0%)
439 (97.8%) 476 (99.0%)
147 (32.7%) 10 (2.1%)
266 (59.2%) 443 (92.1%)
36 (8.0%) 28 (5.8%)
35 (7.8%) 12 (2.5%)
369 (82.2%) 451 (93.8%)
45 (10.0%) 18 (3.8%)

HCW=healthcare worker

Table 2

SARS-CoV-2 prevalence in healthcare workers and non-healthcare workers by
enzyme-linked immunosorbent assay, reverse-transcription polymerase chain re-
action and combined

Frequency, n  Prevalence, % (CI 95%)

SARS-CoV-2 seropositivity (n=914) 85 9.3 (7.6-11.4)
SARS-CoV-2 PCR (n=734) 15 2.0 (1.2-3.4)
Combined (n=927) 94 10.1 (8.4-12.3)

last 6 months before data collection. None of the seropositive par-
ticipants were hospitalized in the last 6 months. Of the 81 tested
seropositive samples, 90.1% (95% CI 81.2%-95.1%) tested positive in
the surrogate virus neutralization assay.

In the univariable Poisson regression model, SARS-CoV-2 point
prevalence was significantly associated with being an HCW (PR 1.7;
95% CI 1.1-2.5). The SARS-CoV-2 point prevalence was 1.9 times
greater in those who had contact with a COVID-19 case inside the
hospital than those who had not (PR 1.9; 95% CI 1.2-2.9). We found
a significant association between higher education and SARS-CoV-
2 point prevalence (PR 5.3; 95% CI 1.3-21.4) (Figure 2 and Table 3);
however, this is because most HCWs have higher education than
non-HCWs (62.1% of HCWs reported higher education compared
with 6.6% among non-HCWs). In the multicollinearity test, both

962 agreed to participate |

32 excluded from analysis for withdrawal of consent and/or
incomplete data

930 included for descriptive analysis |

! v

734 with
PCR result

914 with
ELISA result

J 3 with boarderline ELISA result and
| no PCR result

927 included for prevalence analysis

85 with
positive
ELISA result

4 excluded for insufficient amount of
remnant serum

81 included for surrogate virus neutralization test |

education attainment and COVID-19 contact inside the hospital
showed strong intercorrelations with HCW status, and therefore
they were not considered in the multivariable model. In the final
model adjusted for sex, age group and symptoms, HCW remained
significantly associated with higher SARS-CoV-2-point prevalence
(PR 1.6; 95% CI 1.1-2.4; P-value 0.026) (Table 4).

Discussion

To our knowledge, this is the first large-scale SARS-CoV-2 sero-
survey during the first wave of the coronavirus pandemic in sub-
Saharan Africa (Malawi) that included PCR testing to complement
overall prevalence for recent SARS-CoV-2 infections plus an sVNT
assay to investigate for immunity after SARS-CoV-2 infection. Our
study adds to the growing evidence that official data might un-
derestimate the true magnitude of COVID-19 transmission in sub-
Saharan Africa. We found a much higher than expected SARS-CoV-
2 infection rate with a point prevalence of 10.1% (95% CI 8.4-
12.3) that consists of a low rate of acute infections (positive RT-
PCR: 2.0%, 95% CI 1.2-3.4) and high seropositivity of 9.3% (95%
Cl 7.6-11.4); compatible with the fact that our study was con-
ducted after the peak of the first COVID-19 wave in Malawi https:
//[www.malawipublichealth.org/ (Public Health Institute of Malawi
2021).

*75 laboratory specimen could not be assigned due to dissociative labeling

Figure 1. Participants flow chart
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Sex
Female - ——
Male - —_—
Age 1
18-29 4 —_——
30-39 —_——
40-49 —_—
50-59 *
260 *
Risk group 1
HCW 4 —_—
non-HCW 4 —_—r
Symptoms of COVID-19 in previous 6 months §
No 1 ——
Yes 1 —_—
Contact with COVID-19 case inside the hospital -
No 1 —
Yes A —_—
Contact with COVID-19 case outside the hospital 4
No 1 —_—r
Yes 4 ®
Overall § —i—
5 10 15 2 2 %

Figure 2. SARS-CoV-2 prevalence with 95% CI

Since we conducted a hospital-based, convenience sampling
study, it is not possible to directly compare data from the general
population. However, official surveillance data might still serve as
an indicator, reporting 5593 confirmed cases of SARS-CoV-2 infec-
tion in Malawi and 1290 confirmed cases of SARS-CoV-2 infection
in Lilongwe at the end of our study (3 September 2020) https:
//[www.malawipublichealth.org/ (Public Health Institute of Malawi
2021). With a population of approximately 17.6 million in Malawi
and 1.6 million in Lilongwe, these official numbers correlate with
a SARS-CoV-2 prevalence of 0.03% and 0.08%, respectively.

Due to methodological limitations, SARS-CoV-2 point preva-
lence might be underestimated in our study. Only 78.9% of the
participants consented to the performance of a nasopharyngeal
swab. Due to a lower sensitivity of the Euroimmun IgG assay in
an earlier phase of infection (Kohmer et al., 2020), acute infec-
tions with SARS-CoV-2 might be underestimated. In addition, there
is emerging evidence for the waning of antibodies that may lead
to undetectable antibody titers, especially after asymptomatic and
paucisymptomatic infection (Long et al, 2020). Potential cross-
reactivity of serological tests with other circulating pathogens re-
sulting in reduced specificity of serological tests for SARS-CoV-2
has been reported in sub-Saharan Africa (Emmerich et al., 2021).
To address this challenge, we validated the Euroimmun assay in a
panel of 81 samples collected before the COVID-19 pandemic with
no false-positive results observed.

Of those who tested positive for SARS-CoV-2 infection, a high
number did not recall any of the queried symptoms associated
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with COVID-19 (45.7%) in the last 6 months. In addition, none of
the SARS-CoV-2 positive participants in our study reported hospi-
talization in the last 6 months. Recall and selection bias might have
led to underestimating the rate of symptomatic SARS-CoV-2 infec-
tion in our cohort. High rates of subclinical infections have also
been shown in other studies from sub-Saharan Africa. For exam-
ple, Mulenga et al. reported an even higher rate (76.2%) of asymp-
tomatic SARS-CoV-2 prevalence in a population-based serosurvey
in Zambia (Mulenga et al, 2021). We hypothesize that circula-
tion of the virus in the population might have gone on silently
and might have appeared much earlier and more than predicted,
even before or despite measures put in place. High rates of sub-
clinical infections and silent community transmission have im-
plications when designing surveillance and mitigation strategies.
Asymptomatic surveillance needs to be incorporated to understand
and prevent widespread community transmission. However, given
the current constraints, including limited funding for other con-
curring health threats, and even with upscaled testing capaci-
ties, asymptomatic surveillance does not seem feasible in a low-
resource setting like Malawi. Given the costs and collateral damage
of preventive measures in this crisis, such as widespread hunger,
economic insecurity, disruption of essential medical services and
access to education (Haider et al., 2020), a targeted approach might
be more resource-efficient in African countries.

It would be most helpful to identify factors associated with
SARS-CoV-2 infection, severity of infection and immunity in sub-
Saharan Africa. Furthermore, identifying and shielding the most
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Association between SARS-CoV-2 prevalence (combined measure) and demographic, behavioral and other factors (n=927)

Combined Prevalence, Univariable analysis

% (95% CI) Prevalence ratio (95% CI)  P-value
Healthcare worker
No 7.7 (5.6-10.4) 1
Yes 12.8 (10.0-16.2) 1.7 (1.1-2.5) 0.012
Sex
Female 8.7 (6.7-11.3) 1
Male 12.7 (9.5-16.8) 1.5 (1.0-2.2) 0.053
Age group
18-29 10.1 (7.2-14.0) 1
30-39 10.7 (7.7-15.0) 1.1 (0.7-1.7) 0.802
40-49 9.0 (5.6-14.3) 0.9 (0.5-1.6) 0.714
50-59 12.1 (6.8-20.5) 1.2 (0.6-2.3) 0.579
>=60 7.1 (2.3-20.0) 0.7 (0.2-2.2) 0.556
Education attainment
None 2.7 (0.7-10.2) 1
Primary 7.4 (4.8-11.4) 2.8 (0.7-11.6) 0.168
Secondary 10.0 (7.1-14.1) 3.7 (0.9-15.3) 0.069
Higher 14.3 (10.8-18.7) 5.3 (1.3-21.4) 0.019
Symptoms of COVID-19 in the previous 6 months
No 8.8 (6.8-11.4) 1
Yes 12.6 (9.5-16.6) 1.4 (1.0-2.1) 0.067
Chronic precondition (diabetes, HIV, heart disease and/or asthma)
No 10.6 (8.6-13.0) 1
Yes 8.7 (5.5-13.3) 0.8 (0.5-1.34) 0.4
Diabetes
No 10.1 (8.3-12.3) 1
Yes 9.1 (2.3-30.0) 0.9 (0.2-3.4) 0.877
HIV
No 10.1 (8.2-12.3) 1
Yes 11.7 (7.0-19.2) 1.2 (0.7-2.0) 0.586
Heart Disease
No 10.3 (8.5-12.5) 1
Yes 6.3 (1.6-21.9) 0.6 (0.2-2.3) 0.471
Asthma
No 10.4 (8.6-12.6) 1
Yes 2.9 (0.4-18.2) 0.3 (0.0-2.0) 0.202
Tested for Malaria
No 10.1 (8.0-12.6) 1
Yes 10.4 (7.1-15.0) 1.0 (0.7-1.6) 0.879
Positive test for malaria (n =240)
No 11.5 (7.4-17.4) 1
Yes 8.0 (3.6-16.8) 0.7 (0.3-1.7) 0.417
Contact inside the hospital
No 8.9 (7.0-11.2) 1
Yes 16.8 (11.7-23.5) 1.9 (1.2-2.9) 0.003
Unknown 7.8 (3.3-17.5) 0.9 (0.4-2.1) 0.771
Contact outside the hospital
No 9.8 (7.9-12.0) 1
Yes 14.9 (7.3-28.1) 1.5 (0.7-3.1) 0.250
Unknown 11.1 (5.4-21.6) 1.1 (0.6-2.4) 0.734

vulnerable groups and providing adequate treatment options for
the infected might allow a more targeted approach and be more
effective than undirected lockdowns and distancing measures in
reducing socioeconomic impact while maintaining health.

Our study found a higher SARS-CoV-2 prevalence in HCWs
(12.8%) than non-HCWs (7.7%). Chibwana et al. found a similar
rate (12.5%) of SARS-CoV-2 prevalence in 500 HCWs from Blan-
tyre; interestingly, a similar finding was detected at an earlier
stage of the epidemic in Malawi (Chibwana et al., 2020). HCWs
are generally considered at risk for SARS-CoV-2 infection and
transmission, especially in sub-Saharan Africa, due to a shortage
of personal protective equipment, training and human resources
(Bandyopadhyay et al., 2020, Mukwege et al., 2021, Olayanju et al.,
2021). Convenience sampling and the stigma related to COVID-
19 infection might have introduced a selection bias in our study,
underestimating the true prevalence of SARS-CoV-2 infection in
HCWs. Limited caseloads in hospitals in Malawi due to concerns in
the population about the health system, strikes and absenteeism
of HCWs from work due to fear of infection might have limited
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in-hospital transmission during the first wave of the pandemic.
SARS-CoV-2 infection was also attributable to COVID-19 exposure
in the hospital, underlining the need for adequate personal protec-
tive equipment and training. However, general (high) transmission
in urban Lilongwe, where all HCWs resided, must be considered.
Concerning the emergence of new virus variants and the de-
sire to implement vaccination strategies, there is a pressing need
to estimate immunity after SARS-CoV-2 infection. Our study used
an sVNT as a surrogate assay test to measure neutralizing anti-
bodies in individuals who tested positive for SARS-CoV-2 IgG. To
our knowledge, this is the first study that included a surrogate
assay for neutralizing antibodies in a serosurvey in sub-Saharan
Africa. We demonstrated that the performance of an sVNT was fea-
sible and with limited laboratory infrastructure. Marien et al. have
recently evaluated a surrogate virus neutralization assay in com-
parison with a conventional neutralization assay in samples from
Belgian and Congolese participants. In a sample of 184 Congolese
probes, Marien et al. found a good correlation of the results of the
sVNT with the cVNT with a sensitivity of 88.4% and a specificity of



C. Meinus, R. Singer, B. Nandi et al.

Table 4

Association between SARS-CoV-2 prevalence (combined measure)
and demographic, behavioral and other factors, adjusted multivari-
able analysis (n = 854)*

Multivariable analysis

Prevalence ratio  P-value
Healthcare worker
No 1
Yes 1.6 (1.1-2.4) 0.026
Sex
Female
Male 1.4 (1.0-2.1) 0.074
Age group
18-29 1
30-39 1.1 (0.7-1.7) 0.842
40-49 0.9 (0.5-1.7) 0.826
50/59 1.3 (0.7-2.6) 0.377
>=60 0.9 (0.3-3.0) 0.906
Symptoms in the last 6 months
No 1
Yes 1.3 (0.9-2.0) 0.148

* All variables of interest associated with SARS-CoV-2 point
prevalence with a P-value <0.20 (healthcare worker, sex, education
attainment, symptoms, contact to case inside the hospital) or clini-
cally appropriate (sex, age group) for the analysis were considered
for a multivariable model. Due to strong intercorrelations between
healthcare worker and education (60%) and mild intercorrelations
between healthcare worker and COVID-19 contact inside the hospi-
tal (30%), we removed these 2 variables from the model.

98.2% (Marien et al., 2021). Regarding potential cross-reactivity of
serological assays, we also validated the GenScript sVNT in a panel
of 44 zero samples with no false-positive results observed. Of those
that tested positive for SARS-CoV-2 IgG, 90.1% displayed neutraliz-
ing antibodies. Although this is a snapshot and one might question
generalizability, it is a considerable and higher than expected rate
of seemingly protected individuals.

High rates of protection after infection and comparably low
rates of severe infections question the current public health
approach regarding vaccination. Moreover, they have impli-
cations for the economics, logistics and effectiveness of a
national strategy, moving from a broad horizontal approach
to a selective and targeted one, namely the vaccination of
high-risk groups (e.g., the elderly, HCWs) only. In this light,
the measurement of progress in African countries by vac-
cine coverage targets—as most recently posted by the WHO
regional director for Africa https://www.afro.who.int/news/
eight-10-african-countries-miss-crucial-covid-19-vaccination-goal
(WHO. Regional Office for Africa 2021).—is not recognizing the
immunological situation detected and presented here and is
potentially misleading.

The emergence of new variants, possibly more transmissible,
more lethal and more easily escaping immunity, underlines the
importance of continuous seroepidemiological surveillance of the
COVID-19 pandemic. Serial population-based serosurveys, prefer-
ably in combination with excess mortality studies, need to be im-
plemented into the national testing strategy to understand viral
transmission and disease dynamics and tailor mitigation strategies
to the local context.

Conclusion

Our study presents African figures for African estimates—
context matters in predictions. Even revised epidemiological esti-
mates proved to be wrong, predicting high morbidity and mortal-
ity, using European epidemiological data to calculate Malawi esti-
mates. Conversely, we found a SARS-CoV-2 prevalence and post-
infection immunity much higher than expected from official num-
bers, while there was a high rate of presumably asymptomatic
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SARS-CoV-2 infections. A targeted approach that includes the iden-
tification and shielding of and adequate treatment options for the
most vulnerable might be more effective than strict lockdown
measures in a setting with high rates of subclinical infections to
reduce health and socioeconomic impact. Acceptable levels of im-
munity in sub-Saharan Africa countries will most likely be reached
by natural acquisition, enhanced by vaccination; diametrically op-
posed to European countries’ vaccination enhanced by natural ac-
quisition.

We need up-to-date epidemiological data to foster community-
based decisions on COVID-19 mitigation and vaccination measures
specific to the country.
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