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ABSTRACT

Introduction The current COVID-19 pandemic has
impacted the entire world with increasing morbidity and
mortality and has resulted in serious economic and social
consequences. Assessing the burden of COVID-19 is
essential for developing efficient pandemic preparedness
and response strategies and for determining the impact

of implemented control measures. Population-based
seroprevalence surveys are critical to estimate infection
rates, monitor the progression of the epidemic and to
allow for the identification of persons exposed to the
infection who may either have been asymptomatic or were
never tested. This is especially important for countries
where effective testing and tracking systems could not

be established and where non-severe cases or under-
reported deaths might have blurred the true burden of
COVID-19. Most seroprevalence surveys performed in sub-
Saharan Africa have targeted specific high risk or more
easily accessible populations such as healthcare workers
or blood donors, and household-based estimates are rarely
available. Here, we present the study protocol for a SARS-
CoV-2 seroprevalence estimation in the general population
of Burkina Faso, Ghana and Madagascar in 2021.
Methods and analysis The SeroCoV study is a
household-based cross-sectional prevalence investigation
in persons aged 10 years and older living in urban areas in
six cities using a two-stage geographical cluster sampling
method stratified by age and sex. The presence of anti-
SARS-CoV-2 IgG antibodies will be determined using a
sensitive and specific SARS-CoV-2 1gG ELISA. In addition,
questionnaires will cover sociodemographic information,
episodes of diseases and history of testing and treatment
for COVID-like symptoms, travel history and safety
measures. We will estimate the seroprevalence of SARS-
CoV-2, taking into account test performance and adjusting
for the age and sex of the respective populations.

Ethics and dissemination Ethical approval was received
for all participating countries. Results will be disseminated

Strengths and limitations of this study

» The study assesses the population-based sero-
prevalence of SARS-CoV-2 in six urban settings in
Burkina Faso, Ghana and Madagascar.

» A two-stage cluster sampling strategy and stratifi-
cation by age and sex are used to reduce selection
bias.

» A highly specific anti-SARS-CoV-2 IgG ELISA reduc-
es the probability of false positive test results.

» Behavioural and biological indicators at both partici-
pant and household level are investigated.

» Seroprevalence is estimated within a time frame
in 2021 but not repeatedly over the course of the
pandemic. The study covers a span of time relatively
late in the course of the pandemic; due to antibody
waning, seropositive individuals with infections dat-
ing back more than 10 months may be missed.

through reports and presentations at the country level
as well as peer-reviewed publications and international
scientific conferences presentations.

INTRODUCTION

The COVID-19 outbreak was declared a
pandemic on 11 March 2020 by WHO. Over
the course of 18 months, SARS-CoV-2 caused
over 211 million cases and claimed more than
4million lives worldwide.! In Africa, as of 24
August 2021, approximately 5.4 million cases
and 130407 deaths had been reported, repre-
senting 3% of the reported global cumulated
cases and 3% of the reported global deaths.’
Poverty, malnutrition, fragile healthcare
systems and the burden of other infectious
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diseases (eg, HIV) served as the basis for devastating
morbidity and mortality predictions for the continent.” A
younger age distribution, potentially protective immune
history, warmer climate, lower overall population density,
lower level of urbanisation and connectivity between
geographical regions and lack of long-term care facilities
have all been discussed as possible factors contributing
to the relatively lower morbidity and mortality associated
with COVID-19 in Africa.” * Additionally, limited testing
capacities, undetected mild cases or asymptomatic infec-
tions, and under-reported deaths might have obscured
the true burden of COVID-19 in Africa.”®

Population-based serological surveys that measure
SARS-CoV-2 antibodies are essential in identifying the
proportion of a population that has been exposed to
the virus, even without symptoms or testing.” This infor-
mation is crucial in determining the level of immunity
within the population, thereby facilitating the imple-
mentation of a strategic preparedness and response
plan to slow transmission, weaken recurring waves of the
outbreak, and minimise the impact of the epidemic on
health systems.” °® Furthermore, seroprevalence data can
be used to guide vaccination strategies and deployment
plans and to identify and prioritise vulnerable popu-
lations. As of 21 July 2021, more than 2031 serosurveys
had been conducted worldwide to estimate SARS-CoV-2
seroprevalences.”* However, only four studies were
representative population-based studies using ELISAs: in
Nigeria,'” in Zambia,'® South Sudan'? and Kenya.'” So far,
no household-based serosurveys have been conducted in
Burkina Faso, Madagascar or Ghana. Selection of a sensi-
tive and specific SARS-CoV-2 ELISA is crucial, as some
commercially available SARS-CoV-2 ELISAs have been
shown to have a lower specificity for Ghanaian and Nige-
rian serum panels.'®

Here, we publish a study protocol for a household-based
cross-sectional study intended to estimate the prevalence
of anti-SARS-CoV-2 IgG antibodies and identify associated
risk factors for seropositivity in six urban settings across
Burkina Faso, Ghana and Madagascar in 2021.

METHODS AND ANALYSIS

Study design

The SeroCoV study is a population-based one-time house-
hold cross-sectional prevalence investigation involving
persons aged 10 years and older living in urban areas in
selected African cities using a two-stage cluster sampling
approach. The protocol was aligned with the WHO
seroepidemiological standardisation initiative.’

Study setting

The SeroCoV study is conducted in the urban residen-
tial neighbourhoods (ie, study sites) of Ouagadougou
and Bobo-Dioulasso in Burkina Faso, Accra, Kumasi and
Tamale in Ghana, and Fianarantsoa in Madagascar. These
urban sites were selected because incidence of SARS-
CoV-2 infections has been reported to be higher in urban

than in rural areas and because the respective communi-
ties were assumed, in the absence of reliable data due to
limited access to testing capacities and undetected mild
courses or asymptomatic infections, to already have been
exposed to the virus.

Primary outcome

The primary outcome measure is the proportion of the
population that has been exposed to the virus (referred
to as seroprevalence) measured as SARS-CoV-2 IgG sero-
positivity based on ELISAs for blood plasma samples.

Secondary outcomes

Secondary outcome measures include the proportion of
individuals with asymptomatic or subclinical infections,
as well as possible indicators for assessing transmission
of SARS-CoV-2. The seropositivity within an entire house-
hold will be determined for a subset of households.

Sample size

The study sample size was calculated in relation to the
primary outcome. We assumed the seroprevalence to
have reached at least 20% in the underlying study popu-
lations during the first year of the pandemic between
March 2020 and until the beginning of the recruitment
period in February 2021." Several studies have suggested
that antibody levels wane to below the limit of detection
around 4-8 months after acute infection.'” *” Therefore,
it is possible that we missed individuals who were initially
seropositive but had seroreverted by the time of sample
collection. We based the effective sample size (ESS)
calculation on a conservative prevalence estimate p of
50%, to enable determining prevalence ranging from
20% to 90% with sufficient statistical power, calculated
as follows: ESS = (z(l—OL/2)2p(1p))/d2.21 22 We assumed
a significance level oo of 5% and a relative precision d
of +5%. To account for the clustered design, as there is
greater similarity of participant’s SARS-CoV-2 test results
within a cluster, we assumed a design effect of 1.45 (intra-
cluster correlation coefficient: 0.05, mean cluster size of
10) yielding an actual sample size of 557. To account for
15% non-response of eligible households, we adjusted
the number of participants needed to be recruited to
557/0.85=655.

Two-stage cluster geo-point sampling

In the first stage of the sampling approach, administra-
tive boundaries were used to allocate clusters. Shapefiles
with administrative boundaries and respective popula-
tion statistics were obtained from in-country or online
sources.”” ** Clusters were selected using the probability
proportional to population size method. In the second
stage, the sampling frame was based on geographical
coordinates (geo-point sampling — any point method)
within the polygon(s) where the target population lived.
Within each sampled unit, geographical coordinates were
randomly selected as households to be recruited into the
study.
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Participant recruitment

After successful navigation to a set of global position system
(GPS) coordinates using OsmAnd® software, eligible house-
holds will be identified. In case GPS coordinates do not fall
onto a household, the closest household within a radius of
100 m will be identified. In case GPS coordinates fall on a
building with multiple households, respective standard
procedures to identify a household will be followed. In a
scenario where several households appear to be similarly
close, a 45° clockwise turn after facing north should be
performed and the first household on the right selected. A
team of healthcare workers and interviewers will approach a
household member and introduce the study team and the
study rationale. If participants are open to learning more,
the study will be explained in greater detail. Each participant
or their legal guardian must sign an informed consent form
to participate in the study. Depending on the social struc-
ture of a study country, the household head (Ghana) or
household representative (Burkina Faso and Madagascar)
will be asked for permission to approach other members of
the household. Only after a ‘household consent’ form has
been signed will other household members be approached
and individual informed consent forms obtained. House-
holds are defined as a group of 2 or more individuals that
sleep under the same roof and share their meals together
(excluding residential institutions such as boarding schools,
dormitories, hostels, prisons, other communities hosting
groups of people). Household members are eligible for
inclusion if they or their guardian provide written consent to
participate, are at least 10 years of age, and do not have any
known pathology or health problems contraindicated for
blood sample collection. Study participants will be selected
in line with their country’s age and gender distribution. One
person per household will be included in the study. In a
random subset of 100 households across all six study sites
(Bobo-Dioulasso, Ouagadougou, Kumasi, Greater Accra,
Tamale, Fianarantsoa), the entire household will be sampled
and interviewed in order to get a more accurate seroprev-
alence estimate and gain insights into infection levels
within households. Children under the age of 10 years will
be excluded. Qualified health professionals will then take
a blood sample from each study participant and perform
the interview using the Research Electronic Data Capture
(REDCap)*® Mobile App offline on any mobile device. If a
selected household refuses to participate, new GPS coordi-
nates will be selected.

Serological testing

SARS-CoV-2 IgG seropositivity will be determined based
on an ELISA for blood plasma samples. Specifically, the
IgG antibodies will be detected using a patented platform
technology (EP2492689) using a recombinantly expressed,
truncated SARS-CoV-2 nucleocapsid protein as an antigen.
Assay specificity was determined during assay validation and
found to be very high using pre-COVID-19 stock samples
from Africa, in contrast to several commercially available
tests."® Diagnostic and analytical sensitivity was determined
using samples from PCR-confirmed SARS-CoV-2 patients.

Data analysis plan

To estimate the seroprevalence, we will first determine
unadjusted frequencies of positive tests as a proportion
of the final sample size along with exact 95% Cls. Second,
we will estimate seroprevalence adjusted for test perfor-
mance characteristics based on a Bayesian hierarchical
model. Third, we will estimate seroprevalence adjusted
for both test performance characteristics and popula-
tion characteristics (ie, age and sex distribution and
neighbourhoods) using a Bayesian multilevel regression
with poststratification to adjust for differences between
the sample and target population.”” This approach will
enable us to adjust estimates for test performance. We will
furthermore exploratorily estimate relative risks of sero-
positivity among exposed and non-exposed individuals
for various risk factors (eg, socioeconomic background,
travel history, number of contacts per day, perception of
COVID-19 and psychological consequences using a WHO
scale) using log-binomial regression. Missing data on
outcome measurements will be investigated with respect
to baseline covariates to assess the potential for selection
bias. In addition, location, distance and clustering of
actual vs initially sampled GPS coordinates of households
will be investigated to assess the potential for selection
bias. Furthermore, the choice of priors for Bayes estima-
tion when considering test performance will be consid-
ered in sensitivity analyses.

Patients and public involvement

Participants were not involved in the study design or in
the setting of research objectives or outcomes of this
study protocol.

ETHICS

Ethical approval

Ethical clearance was obtained by the national Ethical
Board Committees of each participating country
(National Ethical Committee, Ouagadougou, Burkina
Faso, Ministry of Public Health in Antananarivo, Mada-
gascar, Committee on Human Research, Publication and
Ethicsin Ghana, aswell as by the Ethical Commission of the
Arztekammer Hamburg). The SeroCoV study protocol,
questionnaire, information leaflet, and informed consent
forms were reviewed and approved: Reference German
Ethics: 2020-10035-BO and 2020-10035-1-BO, Refer-
ence Madagascar Ethics: CERBMIORG0000851, No
175-MSANP/SG/AGMED/CNPV/CERBM, Reference
Burkina Faso Ethics: No 2020-137/MS/SG/INSP/CRSN,
Reference Ghana Ethics: CHRPE/AP/218/20.

Safety considerations and dissemination plan

The risks and side effects from blood drawing will be
explained to the participants. The data collected in
the study will help improve and guide efforts to under-
stand the extent of COVID-19 transmission in Burkina
Faso, Ghana and Madagascar and may help prevent
further transmission of the virus. Where applicable and
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appropriate, information about the study including the
protocol and questionnaires will be shared with key stake-
holders including partner and participating institutions,
regulators, local government and health authorities.
Some countries also disseminated information about
the study and its progress on social media. IgG results
were shared with participants who donated blood in
some participating countries. In addition, country-level
data will be shared with respective national COVID-19
management teams and health service authorities to
support local efforts in the management of COVID-19,
including specific committee to share research results,
for example, with Ghana Health Service in Ghana, Centre
Régional de Commandement Opérationnel COVID-19.
The results of the study will furthermore be disseminated
to research and implementation partners, published in
peerreviewed journals, and presented at national and
international conferences and events.

Project status

Recruitment started at all sites in February 2021 (3
February BF, 26 February MG, 18 February GH). As
of August 2021, participant enrolment, household
and member questionnaire assessment and biological
sampling has been completed in Ouagadougou and Bobo-
Dioulasso, Fianarantsoa and Kumasi, and is ongoing in
the Greater Accra Region and Tamale.
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