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Rationale: In many countries the COVID-19 pandemic has led to severe strains on health systems and unprecedented levels
of societal disruption. While Sub-Saharan Africa has not been completely spared, the epidemic in this region appears to
have been relatively less severe. The reasons for the mitigated impact of COVID-19 in Sub-Saharan Africa are not fully
understood, although several hypotheses have been proposed. Explaining the cross-country variance in COVID-19 impact
requires, most importantly, a clear assessment of the actual extent of populations’ exposure to the virus and the typical
manifestations of infection. We thus surveyed the seroprevalence of anti-SARS-CoV-2 IgM/IgG antibodies, and COVID-19-
like symptomaticity, in Cité Verte, an urban district of Yaounde, in central Cameroon.

Materials and methods: EPICO 19 is a cross-sectional community-based serosurvey, conducted from October 14 to
November 26, 2020, in a densely-populated health district (Cité Verte) of the city of Yaounde, one of the cities most
impacted by the COVID-19 epidemic in Cameroon. Households were randomly selected, and inhabitants between 5 and 80
years in each household were surveyed. The Abbott Panbio IgM/IgG SARS-CoV-2 antibody rapid test was used, and a
questionnaire on illness symptoms, health-seeking behaviour, and health protective measures was administered. Suspected
active COVID-19 cases were tested and managed free of charge following national guidelines. Final seroprevalence
estimates were reweighted to the age-sex distribution of the Yaoundé population, and were adjusted for test specificity
and sensitivity. The study obtained ethical clearance and administrative authorisation from national institutions and each
participant gave informed consent.

Results: Out of 255 households visited, 192 (75%) agreed to participate, for a total of 1,007 respondents, of whom 970
consented to an antibody test. Participants were majority women (56.6%), with a median age of 26 years and 11% reported
suffering from a chronic health condition. Age-sex-reweighted, test-adjusted IgG seroprevalence was estimated to be
29.2%, with a notable increase with age. Significant risk factors for seropositivity were male sex, obesity and residency in
large households. A minority (30%) of antibody seropositive participants reported having had COVID-19 suspect symptoms
and these were mainly managed through local and self-prescribed remedies. Fear of infection was the one significant
association with health seeking behaviour. Concerning the impact of the pandemic and containment measures on the
population, the vast majority (85% of household heads) declared a loss of income since the beginning of the pandemic,
with people working in the informal sector being most affected Notably, more than half of respondents reported an increase
in stress and pressure in the family environment with a third notifying of having been victims of psychological or physical
violence during the pandemic period.

Conclusion: SARS-CoV-2 appears to have circulated widely in the city of Yaoundé, affecting at least a third of the population
in the Cité Verte district. However, more than 60% of those with antibodies reported having no symptoms, confirming the
largely asymptomatic nature of infection. The most exposed groups in the community appear to be men, people with
obesity, and those living in crowded households.

Disruptions to work and income were widely reported, and many respondents had difficulties in paying for healthcare
services due to financial constraints. Social and family activities were also significantly disrupted, leading to situations of
conflict, stress, and sometimes violence.
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Background

Coronavirus disease 2019 (COVID-19) is caused by the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2),
which was identified for the first time in China at the end of 2019. The virus quickly spread globally, and the World Health
Organization declared COVID-19 to be a pandemic on March 11, 2020. As at December 1, 2020, there have been over
67,000,000 notified cases, with over 1,500,000 reported deaths.?

Given the rapid spread of the epidemic in Europe and the Americas, and the handicapped response by countries with the
richest health systems, the outlook for less developed countries, and sub-Saharan Africa in particular, seemed dire. High
numbers of deaths were expected due to weaknesses in health systems, difficulties in enforcing hygiene measures, and
perceived health vulnerabilities of the population.>* But the trajectory of the epidemic on the continent appears to have
gone against expectation. Despite having over 2,200,200 infections as of December 1,2 Africa remains the least affected
region and the mortality rate, even if not well documented, remains lower than expected.*

Multiple hypotheses have been advanced to explain the seemingly mild trajectory of the COVID-19 epidemic in Africa:
researchers have pointed to the warm climate conditions across sub-Saharan Africa (apart from South-Africa), the
continent’s young population (median age of 19 years), and cross-reactive or non-specific immunity from other infections
as possible mitigating factors.* But an informed explanation of the epidemic trajectory requires, first and foremost, accurate
numbers on the actual extent of population infection. And, as has been observed elsewhere,® the officially reported case
counts in Africa may significantly underestimate the extent of the viral propagation.* In this context, the use of serological
antibody tests to detect exposure to SARS-CoV-2 is valuable.

A number of validated SARS-CoV-2 antibody tests now exist on the market,® and some of these are point-of-care lateral-
flow immunoassays, which are affordable, easy to use and provide quick results. These antibody tests offer the opportunity
to estimate the degree of population exposure to SARS-CoV-2, and can help inform future surveillance and intervention
efforts.’®

This report presents the protocol and results of our study using a lateral-flow immunoassay to assess the seroprevalence
of anti-SARS-CoV-2 IgG and IgM antibodies in Cité Verte, a district of Yaounde, the capital city of Cameroon.

In addition to examining seroprevalence, our survey also hopes to shed light on the broader impact of the epidemic on the
socioeconomic wellbeing of the study population. Soon after its first notified COVID-19 case (on March 6, 2020), Cameroon
closed its borders and implemented significant social and physical distancing measures, including mandatory bar closures
after 6 PM, limitations on public transport occupancy, bans on gatherings of more than 50 people, and the closing of in-
person schools.” Similar measures were taken in other African countries to curb the spread of infections and to mitigate the
socio-economic impact of the pandemic in these resource-limited settings.

The effects of COVID-19 barrier measures on the wellbeing of the Cameroonian population have not been well examined.
Studies in other contexts have noted that during the pandemic period, access to routine health care services has been
disrupted. Thus, together with the SARS-CoV-2 antibody survey, we also designed and implemented a survey to assess
whether such disruptions were common in the studied population.
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The EpiCO 19 study is a community-based survey to estimate the circulation and the impact of SARS-CoV-2 and the
COVID-19 pandemic on a district in Yaounde, which is one of the townships most affected by COVID-19 in Cameroon.

Design
EpiCO 19 is a cross-sectional, clinico-epidemiological and socio-economic study.
Population

The Cité Verte district, located in the Mfoundi department of the Center Region of Cameroon, covers a surface area of 19
square kilometres in the administrative area of Yaounde Il. The total estimated population is 432,858, of which the majority
are young. It is located in the oldest part of the city of Yaounde and residents are from several different regions of
Cameroon.

Households are of two major types: 60% are permanent, built with standard building materials, while 40% are temporary
structures. Some neighbourhoods, notably Tsinga and Cité Verte (the Cité Verte neighbourhood of the Cité Verte district),
are better equipped in services and roads than others.

Cité Verte is divided into nine health zones with a total of 63 health structures, of which eight are public and three are run
by private, faith-based providers. In each of the health areas there is a referent health structure and a number of community
health workers supporting public health activities that are carried out by the Ministry of health or other partners in the
community. These personnel have been essential for the study implementation by facilitating access to the population.

Sampling
The following formula was used to calculate the sample size of the study:

. Zz(p(;— P))

Where n = the minimum sample size required, Z = the value of the standard normal distribution at the confidence level of
95%, p = expected prevalence or proportion, and d = precision.

With this formula, a level of confidence of 95% (Z=1.96), a precision of 5%, and an estimated prevalence of anti-SARS-CoV-
2 of 20% in the general population, a minimum of 245 people was calculated to be sufficient, but the sample was increased
to 1000 people to provide for improved precision and better representation of different parts of the community.

Households were randomly selected from a pre-processed set of all buildings in the Cité Verte district. The building footprint
came from the global participatory mapping project Open Street Map, and was initially filtered to exclude those buildings

not informed as residential. A standard replacement procedure was used when the selected buildings were not residential.

Households, which were the sampling unit of the study, were defined as a group of people living in the same residence and
sharing the kitchen.
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In each household, all individuals between 5 and 80 years were included if they: (a) were living in the selected household,
(b) had been present in the household for at least 14 days, and (c) could give written informed consent (or had an adult
guardian who could give consent). People with severe psychiatric illness or anyone from a non-eligible household were not
considered for inclusion as study participants.

Laboratory testing

The EpiCO19 study used the Abbott Panbio™ COVID-19 IgG/IGM Rapid Test Device, an immunochromatographic test for
the qualitative detection of IgG and IgM antibodies directed against SARS-CoV-2. The manufacturer-estimated sensitivity
and specificity of the test are 95.8% and 94% respectively.

The serological tests were performed on capillary blood collected from a finger prick of each consenting participant. All
waste material was eliminated following standard safety procedures by the study team. During sample collection all
biosafety precautions were followed. The person in charge of swab collection was provided with full personal protection
equipment (apron, gloves, face shield and FFP2 mask).

Additional steps were taken when active COVID-19 was suspected as per the WHO COVID-19 criteria for the definition of
symptomatic cases, updated as at August 2020. The national algorithm for further testing was applied to these suspected
cases. Briefly, a nasopharyngeal swab was taken and a rapid antigen test was performed. If the result of the antigen test
was negative, the swab was sent to the reference virology laboratory of the Chantal BIYA International Reference centre
(CIRCB) for the viral RNA extraction, followed by real-time PCR for the amplification and detection of SARS-CoV-2. This PCR
test was also proposed to all participants with a positive IgM result from the serological testing, as IgM response may serve
as a surrogate of an acute or active infection.

As per the national strategy for molecular diagnosis of SARS-CoV-2, real time PCR tests were carried out at the virology
laboratory of the CIRCB, which is the reference laboratory for COVID 19 in the Cité Verte District, following standard
procedures both for biosafety and in vitro molecular diagnostics. Briefly, CIRCB is a well-equipped centre with biosafety
level-2 cabinets in place, real-time and conventional PCR work stations, a sequencing core facility with two genetic analysers,
and the center participates in external quality assurance (EQA) and proficiency testing (PT) programs with the WHO and
ASLM for SARS-CoV-2 molecular diagnosis.

Questionnaire
A questionnaire was created with KoboKollect®©, a free software for epidemiological surveys.

The first few sections of the questionnaire focused on household composition, household income and recent deaths within
the household. Then individual information about each survey respondent was collected. These sections included questions
about the respondents’

e experience of symptoms compatible with COVID-19;

e health-seeking behaviour during the pandemic;

e financing of healthcare during the pandemic;

e attitudes towards COVID-19; and
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e respect of hygiene and physical distancing recommendations;

among others.

The questionnaire was field tested and modified following the feedback of the tests in the field.

Field work

All the interviewers were trained over three days on good clinical practices and health research ethics, as well as the specific
details and procedures of the study protocol.

In the first two weeks of study implementation, a part of the team conducted the geo-localisation of the majority of the
households, supported by the healthcare workers of each health area.

To increase responsiveness to the survey, awareness talks were carried out one day, or a few hours, before the interviewers’
visit. On the interview days, study teams visited each household to interview the residents immediately or to arrange an
appointment for a future interview.

Once residents were gathered, the study was presented and the informed consent form was given out to be signed. For
anyone below 21 years, a signature was requested from the parent or legal guardian, including an assent provided by
anyone above 15 years. The survey questionnaire was then administered to each consenting household member.

In a safe, quiet and private space, the material for the tests was set up and all the procedures for the test were respected. A
picture of the test was taken and a paper result was handed out to the participant with the explanation of the result
interpretation. When any case of active COVID-19 was suspected (positive IgM antibody test or COVID-19 related
symptoms), a nasopharyngeal swab was collected, information about preventive measures was provided to the respective
individual, by the study team, and the surveillance system of the health district was alerted.

Data management

Once the questionnaire was completed, it was uploaded to a secure server. Data were regularly monitored for completeness
and coherence, and for agreement between the responses of different members of each household.

Data analysis

Seroprevalence estimation

Seroprevalence values were weighted within each age or sex stratum to match the age-sex distribution of the Yaounde
population, as sourced from the 2018 Cameroon demographic and health survey (DHS)2.

To account for test performance, the Rogan-Gladen formula was used to adjust IgG seroprevalence estimates.’ We then
used the sensitivity estimate provided by the validation study of the Abbott test (Batra et al), which found a sensitivity of
91.5% (i.e. 75 accurate diagnoses out of 82 samples) when applied on sera collected from hospitalised COVID-19 patients
14 - 56 days post symptom onset.’”® We measured the analytical specificity by applying the test on a panel of 246 pre-
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pandemic (2017) samples from individuals living in Yaounde. The IgG test accurately diagnosed 230 of 246 samples (93.5%
specificity), which is similar to the specificity (i.e. 94%) reported by the test manufacturer.

We did not apply test performance corrections to the IgM prevalence estimates: because IgM antibodies decline rapidly,
becoming undetectable a few weeks after infection,’" a steady estimate of sensitivity for the IgM test cannot be obtained,
since sensitivity estimates will vary very widely with time since infection. As we made no assumptions about the time of
infection of those who tested positive for antibodies, we were unable to conclude about the contextual sensitivity of this
test. The same caveat also applies to the IgG test, but the slower decline of IgG antibodies means the assumption of stable
test performance is more plausible for the IgG biomarker.

Confidence intervals for test-adjusted estimates were Lang-Reiczigel intervals,’® which take into account the sample size of
the antibody test validation study. Other confidence intervals for prevalences were Wilson score intervals.

Risk factor analysis

For seropositivity risk factor analysis, we used logistic models with household random effects to account for within-
household clustering. In the logistic models, the following prospective risk factors were analysed: sex, age, education, body
mass index (BMI) group, occupation, contact with an international traveller since March 1st, contact with a suspected or
confirmed COVID case since March 1st, presence of comorbidities (combining hypertension, respiratory illness, diabetes,
tuberculosis, HIV, cardiovascular illness and “other illnesses” which were not explicitly listed in questionnaire), whether or
not the respondent is the breadwinner of the household, adherence to social/physical distancing rules, location of the
household (one of nine health zones), number of household members, and whether or not there were children in the
household. Each variable was first analysed in a univariate model. Then variables with p < 0.10 for at least one factor level
were entered into the multivariable analysis. All such variables are shown in the regression tables.

We used a simple logistic regression model to analyse risk factors for symptomatic COVID-19 cases among those who were
seropositive. Respondents with symptomatic COVID-19 were considered as those who tested positive for IgG or IgM
antibodies and who experienced COVID-19 suspected symptoms since March 1st, 2020. COVID-suspect symptoms were
defined, following WHO guidelines™, as:

e anosmia OR ageusia; or

e cough AND fever; or

e at least THREE of cough, fever, fatigue, headache, muscle pain, sore throat, runny/stuffy nose, shortness of breath
/ difficulties in breathing, nausea, diarrhoea.

Based on clinical justification, we identified the following as potential risk factors for symptomatic COVID-19: sex, age, BMI
group, pregnancy, smoking habit, hypertension, respiratory illness and diabetes. We used the same procedure as with the
seropositivity regressions to select for potential significant variables.

To analyse the determinants of formal healthcare utilization, we also used logistic models with household random effects.
The following prospective risk factors were analysed: sex, age, fear of stigma from COVID-19 diagnosis, income decrease
during the pandemic, stated difficulty in paying for medical costs, stated difficulty in traveling to healthcare centres, and
stated belief that healthcare centres are dangerous due to COVID-19. We repeated the same procedure as above to select
for potential significant variables.
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For all regression analyses, age and sex were included as controls in all models, even when their effects were not significant
in the univariate analysis.

Some factors analysed were individual-level variables, and others were household-level variables. The household-level
variables were based on the answers of household “representatives”. The household representative was taken to be:

e the first interviewed adult (18 + ) who self-identified as the household head (“Chef du menage”); and, if no head
was present,
e the first interviewed adult.

Data were processed and analysed using R version 4.0.2 and RStudio. Key packages used included Ime4 for model fitting,
DescTools for the calculation of binomial confidence intervals' and the tidyverse packages'® for data manipulation.

Ethical considerations

The study protocol obtained an ethical clearance and an administrative authorization of the Ministry of Public Health of
Cameroon. Every adult participant (21 years or above) signed an informed consent. For minors, a person with parental
authority was asked to sign the proxy-consent form and, if the age was equal to or above 15 years, an assent was also
requested. Questionnaires were coded and names of participants were recorded in a confidential list available only to the
study team. Before starting the study, all the team members were trained on health research ethics, good clinical practices
and the study protocol and procedures. Laboratory results were provided free of charge, and PCR-positive cases were
referred for appropriate management as per the national guidelines for COVID-19 management in Cameroon.
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Results and discussion

Participation rate
Out of 255 households visited, 192 (75%) agreed to participate, for a total of 1,007 respondents.

Of the 192 included households, 128 were the originally sampled by the random method, while the remaining 64 (33%)
were replaced through standard procedures because the identified buildings were non-residential.

Households and individuals expected and included in the study.

N of household N of inclusions N of households N of people included
sampled expected included

Briqueterie 52 850 31 124 ‘ 24 (77%) 109 (88%)
Carriére 104 785 61 244 45 (73%) 240 (98%)
Cité verte 38 832 22 88 ‘ 24 (109%) 88 (100%)
Messa 18 899 11 44 9 (81%) 48 (109%)
Mokolo 46 960 27 108 ‘ 17 (63%) 96 (89%)
Nkomkana 41 953 24 96 15 (62%) 81 (84%)
Tsinga 35 349 20 80 ‘ 16 (80%) 83 (103%)
Tsinga Oliga 37 572 22 88 14 (63%) 71 (80%)
Ekoudou 55 659 32 128 ‘ 28 (87%) 191 (149%)
Total 432 859 250 1,000 192 1,007

All the health areas of the district were surveyed, but participation varied between the neighbourhoods (Table 1). All
participants were to be tested for SARS-CoV2-antibodies, but in 35 cases (3%), some members of the household, in spite
of responding to the questionnaire, refused the test.

Respondent and household characteristics

Participants had a median age of 26 (IQR 14-38) years and 570 (56.6%) were women. The demographic characteristics of
respondents are summarized in Table 2.

Households had a median of 5 adult (15 years or above) and 2 children inhabitants. In the majority (92%) of the visited
households, the head of the family was surveyed and in 136 households (70.8%), we had access to the person providing
the main source of income. This was most often the father (55.7% of households) or the mother (36.5%).

Household members were most commonly students (39.5%), working “small jobs” (21%) or working as traders (12.4%). This
underscores the high percentage of households declaring irregular and informal sources of income (41%). Interestingly,
despite only 5.7% of respondents reported regular remunerated jobs, formal regular income was the main source of
revenues for 23% of the households, showing the possible contribution of other family members.

Only six households reported a prior positive COVID-19 test among their members, but 67 (7%) respondents reported
having been tested for SARS-CoV-2 before, with nearly half of these as part of governmental massive screening campaigns.

One hundred eight participants (11%) reported suffering from a chronic condition, mainly hypertension (34%), respiratory

conditions (16%) or diabetes (10%). With a mean BMI of 27.3 (versus 23.2 for men), women showed a higher frequency of
overweight. Only 2 respondents reported HIV infection.

ASCRES « CIRES * MINSANTE ¢ CIRCB ¢ GIZ * P4H « UniGe * Canton Geneva Page 11



EpiCO 19

Epidemiological survey and active screening for COVID-19

Feb 2021

Table 2: Sociodemographic characteristics of the final sample

Characteristic Female Male Total
N 570 437 1007
Num. household heads 77 101 178

‘ Mean Age (SD) 29.6 (17.4) 28.5(17.6) 29.1 (17.5)
Mean BMI (SD) 27.3(26.7) 23.2 (6.26) 25.5(20.6)

‘ Age groups, n (% of sex in each group)
5-15 137 (24%) 128 (29.3%) 265 (26.3%)

‘ 16-29 186 (32.6%) 136 (31.1%) 322 (32%)
30-45 140 (24.6%) 89 (20.4%) 229 (22.7%)

‘ 46-65 79 (13.9%) 66 (15.1%) 145 (14.4%)
>65 28 (4.9%) 18 (4.1%) 46 (4.6%)

‘ Education Level, n (% of sex in each group)
Secondary 258 (45.3%) 184 (42.1%) 442 (43.9%)

‘ Primary 191 (33.5%) 137 (31.4%) 328 (32.6%)
University 76 (13.3%) 81 (18.5%) 157 (15.6%)

‘ No formal instruction 35 (6.1%) 18 (4.1%) 53 (5.3%)
Doctorate 7 (1.2%) 13 (3%) 20 (2%)

‘ Other 3 (0.5%) 4 (0.9%) 7 (0.7%)
Profession, n (% of sex in each group)

‘ Student 216 (36.5%) 202 (43.3%) 418 (39.5%)
Small jobs 86 (14.5%) 136 (29.1%) 222 (21%)

‘ Business/Trade 81 (13.7%) 50 (10.7%) 131 (12.4%)
Housewife 74 (12.5%) 0 (0%) 74 (7%)

| Unemployed 52 (8.8%) 21 (4.5%) 73 (6.9%)
Salaried worker 38 (6.4%) 22 (4.7%) 60 (5.7%)

‘ Retired 18 (3%) 17 (3.6%) 35 (3.3%)
Other 17 (2.9%) 15 (3.2%) 32 (3%)

| Farmer 10 (1.7%) 4(0.9%) 14 (1.3%)
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Seroprevalence estimates

Of the 970 respondents tested for IgG and IgM antibodies, 340
(35.1%) were seropositive for at least one of the antibodies
(Figure 1). IgM seropositivity was quite low, and the overlap
between IgG and IgM seropositivity was minimal; of note,

Epidemiological survey and active screening for COVID-19
Feb 2021

32 4 Negative
among the 32 individuals who were IgM positive, only 6 were 302 IgG Positive
also 1gG positive. IgM Positive

642

Following WHO diagnostic criteria, 21 suspect cases were
identified, and nasopharyngeal swabs were collected for PCR
testing. Only one of the 21 RNA PCR tests was positive.

Seropositivity of respondents by antibody test.

Figure 2 shows IgG antibody seroprevalence in each age-sex stratum. Seroprevalence is higher in men, and increases with

age. The highest values were seen in men above 65, where the seropositivity was 50%, although the sample size for that

group is small (reflecting the population demography).

Female

- Pos: 29.2% Pos: 50%
65 + (7 of 24) (8 of 16)
- Pos: 26.5% Pos: 41.4%
45 -64 (22 of 83) (29 of 70)
_ - Pos: 32.1% Pos: 33.3%
30-44 (42 of 131) (27 of 81)

- Pos:26.2% Pos: 35.5%
15-29 (49 of 187) (49 of 138)
- Pos: 27.4% Pos: 29.9%
5-14 (34 of 1243 (35 0f 117) ’
200 100 0 100 200

Count of IgG seropositive and seronegative individuals
IgG seropositivity in each age-sex stratum.

Tables 3 and 4 show the seroprevalence adjustments for the age-sex distribution of the Yaounde population and for
diagnostic test performance. Since women were oversampled as compared to their proportion in the general population
(56.6% of sample was female), and women also showed a lower seroprevalence, the crude estimates were downwardly
biased. Thus, population weighting increased the overall estimate of seropositivity in nearly all age categories for both the
IgG and IgM assays. Adjustments for specificity and sensitivity also increased the estimates slightly.

For IgG antibodies, overall seropositivity is 29.2%, with an apparent increasing trend with older age (Table 3)
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Epidemiological survey and active screening for COVID-19

Population-weighted and test-adjusted seroprevalence estimates for anti-SARS-CoV-2 IgG antibodies

Feb 2021

Crude Population- weighted Population-weighted, test-adjusted
Total 971 302 31.1% (28.3 - 34.1) | 31.3% (28.4 - 34.3) 29.2% (24.3 - 34.1)
Female 549 154 28.1% (24.5 - 32.0) | 28.0% (24.4 - 31.9) 25.3% (20.0 - 31.2)
Male 422 148 35.1% (30.7 - 39.7) | 34.6% (30.2 - 39.3) 33.1% (27.6 - 40.5)
5-14 241 69 28.6% (23.3 - 34.6) | 28.7% (23.3 - 34.7) 30.8% (22.9 - 39.5)
15-29 325 98 30.2% (25.4 - 35.4) | 30.7% (25.9 - 35.9) 26.1% (18.9 - 34.1)
30-44 212 69 32.5% (26.6 - 39.1) | 32.7% (26.7 - 39.3) 28.5% (21.4 - 35.1)
45 - 64 153 51 33.3% (26.4 - 41.1) | 34.1% (27.0 - 41.9) 32.5% (22.8 - 41.8)
65 + 40 15 37.5% (24.2 - 53.0) = 39.4% (25.8 - 54.8) 38.7% (20.5 - 55.8)

Only 3.4% (2.43-4.8) IgM seropositivity rate was reported, indicating a very low prevalence of IgM (<5%) in the study
population, apart from those aged 65 and above where a substantial increase in the seropositivity rate is observed (Table
4). The limited sample size in the last age range, though reflecting the normal population demography, limits the statistical
significance of this value.

Population-weighted seroprevalence estimates for anti-SARS-CoV-2 IgM antibodies

Crude Population- weighted
Total 953 32 3.4% (2.39 - 4.7) 3.4% (2.43 - 4.8)
Female 549 17 3.1% (1.94 - 4.9) 3.0% (1.90 - 4.8)
Male 404 15 3.7% (2.26 - 6.0) 3.8% (2.32 - 6.1)
5-14 241 5 2.1% (0.89 - 4.8) 2.1% (0.89 - 4.8)
15-29 325 12 3.7% (2.12 - 6.3) 3.6% (2.07 - 6.2)
30-44 211 7 3.3% (1.62 - 6.7) 3.9% (2.02 - 7.5)
45 - 64 152 ) 3.9% (1.82 - 8.3) 4.1% (1.94 - 8.6)
65 + 24 2 8.3% (2.32 - 25.8) 8.3% (2.32 - 25.8)

These seropositivity estimates seen here are in line with observed values in other regions. Many countries have now conducted
large seroprevalence studies in the general and specific populations, and seropositivity has ranged from as low as 3% to more
than half of those studied '7-?1. In the African context, a few studies have been reported. A survey in Kenya among blood donors
found a global adjusted prevalence of 4.3% very early in the epidemic.?? Another report in Niger State, Nigeria (data not yet
published) reported a prevalence of 25.4%.23

Notably, there is evidence of pre-existing reaction to SARS-CoV-2 antibody testing in African populations: 23.7% (32/135) of pre-
pandemic samples from a study in Gabon (a neighbouring country to Cameroon) were found to have humoral cross-reactivity to
SARS-CoV-2.%#Thus, adjusting for test specificity, as we have done here, is crucial to arrive at accurate findings about population
exposure to SARS-CoV-2

It is important to note that because anti-SARS-CoV-2 immunoglobulins wane over time (one study has reported a 90% decline in
levels 3 months from exposure)?, antibody seroprevalence is not a perfect proxy for past infection with the virus.

Finally, the seroprevalence results here should be interpreted with some caution, since our study was not able to validate the test
sensitivity on local PCR-positive sera, relying instead on a validation study from a European population?>-?7
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Epidemiological survey and active screening for COVID-19
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Risk factors for seropositivity

Variables that were associated with SARS-CoV-2 seropositivity in univariable analyses included sex, educational level, BMI
group, contact with an international traveler, contact with a suspected or confirmed COVID case, health zone, and number
of household members (Table 5). Age, sex, and any variables where a p-value below 0.1 was observed, were carried over
into the multivariate analysis. The results are shown in the last two columns of Table 5. These are largely in line with the
findings from the univariate analysis.

Risk factor analysis for seropositivity among all participants tested for antibodies. n = 965

Univariate Univariate Multivariate Multivariate

Variable n Pos. % Pos. OR (95% CI) ORplot OR(95% CI) ORplot
Sex \ \

Female 545 153 . 28.1 Reference 1 Reference 1

Male 421 148 [ 352 1.4(1.1-1.9) - ¥ 1.61 (1.19 - 2.2) |- %
Age 1 1

5-14 239 69 [ 289 0.87 (0.57-1.3) .'- 0.98 (0.56 - 1.7) -.'—

15-29 324 98 [ 302 0.89 (0.6 -1.3) i( 1.07 (0.7 -1.6) +-

30-44 211 68 - 32.2 Reference 1 Reference 1

45-64 152 51 [l 336 1.05 (0.66 - 1.7) -~ 0.96 (0.59 - 1.6) -

65 + 40 15 - 375 1.33(0.63-2.8) —lll— 1.28(0.6-2.7) —:l—
BMI group | |

< 18.5 (Underweight) 160 45 [ 281 0.97 (0.63 - 1.5) + 0.91 (0.53 - 1.6) +

18.5-24.9 400 115 . 28.7 Reference | Reference 1

25 - 30 (Overweight) 246 81 [ 329 1.2 (0.84-1.7) - 1.27 (0.86 - 1.9) -

> 30 (Obese) 160 60 |35 1.53(1.02-2.3) IL._ * 1.84 (1.14 - 3) :—.— *
Contact with international traveler \ \

No contact with traveler 803 245 - 305 Reference : Reference :

Recent contact with traveler 103 30 - 29.1 0.91(0.56-1.5) - 0.82(0.49-1.4) -

Unsure about traveler contact 60 26 - 433 1.82 (1.02 -3.2) :—n— % 1.77(0.95-3.3) :—I—
Contact with COVID case ! !

No COVID contact 701 202 . 28.8 Reference : Reference :

Recent COVID contact 35 16 [ 457 2.2(1.1-4.6) :—.— * 2.14 (0.99 - 4.6) :—.—

Unsure about COVID contact 230 83 - 36.1 1.4(1-2) - 1.33(0.93-1.9) -
Health zone : :

Cité Verte 72 16 . 22.2 Reference : Reference :

Nkomkana 74 18 . 24.3 1.1(0.48-2.7) - 0.98(0.4-2.4) -

Mokolo 94 26 [ 277 1.4(0.6-3.1) —:.— 1.11 (0.47 - 2.6) +—

Carriere 236 72 - 30.5 1.6 (0.78 -3.2) 4. 1.51(0.73-3.1) .

Tsinga Oliga 66 22 [Jl333 1.8(0.77 - 4.4) e-—  17(069-42) —

Ekoudou 190 65 - 34.2 1.8 (0.89-3.8) Jl—n— 1.68 (0.8 -3.5) Jl—n—

Tsinga 81 28 - 34.6 1.9(0.85-4.4) +—a— 182(0.78-4.2) —a—

Briqueterie 106 37 - 34.9 1.9(0.89-4.2) —a— 1.68(0.75-3.7) :—.—

Messa 47 17 - 36.2 2.1(0.82-5.3) +—a—— 2.16(0.82-5.7) +—a—
Number of household members : :

1-2 20 2 0 0.29 (0.06 - 1.4) .—:- 0.31 (0.06 - 1.5) I—:—

3-5 238 64 . 26.9 Reference | Reference |

>5 708 235 - 33.2 1.39 (0.96 - 2) :-.- 1.59 (1.07 - 2.4) :-.— ¥

- 12 4 - 12z 4

OR: Odds ratio. Asterisks indicate significance at a 0.05 alpha level. 41 individuals (4%) were dropped due to variable missingness. Recent contact
indicates contact since March 1st, 2020. A “COVID-19 case” is a confirmed or suspected case. Variables that were not significant at a 0.10 alpha level,
and which were not controlled for in the multivariate regression include occupation, presence of comorbidities, breadwinner status, adherence to social
distancing rules and presence of children in the household.
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EpiCO 19

Therefore, being of male sex, being obese (as defined by a BMI >30), and having five or more household members, are the
three independent factors related to anti-SARS-CoV-2 IgG seropositivity. Evidence-based interventions for epidemiological
surveillance may choose to focus on these individuals within the communities.

Figure 3 shows distribution of positive serology in the different areas of Cité Verte district. This distribution may be partly
explained by household size. The figure makes clear that the zone with the smallest households, Cité Verte (mean size 5.5
residents), is also the zone with the lowest prevalence. Therefore, spread within the household or living environment is a
driving factor for exposure to SARS-CoV-2 in the Cameroonian community.

Regional
3.92°N - prevalence
0.35
! 0.30
0.25
3.91°N - 0.20
IgG test result
. Positive
- Negative
3.9°N -
No. of residents
a‘l 9
1
3.89°N -
Ekoudou
3.88°N -
N
3.87°N -
3km
11.46°E 11.47°E 11.48°E 11.49°E 11.5°E 11.51°E 11.52¢

Figure 2: Geographic variation in seroprevalence levels.

Map fill colour indicates overall SARS-CoV-2 antibody seroprevalence (IgG or IgM) in each region. Pie charts indicate
household size, household location and the proportion of the household that is seropositive. Pie charts in dense regions are
dodged to avoid overlap, so locations are not exact. Five households are not shown due to improperly-coded or missing
coordinates.
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COVID-19 related symptoms

Three hundred and two respondents (30%) reported having at least one symptom compatible with SARS-CoV-2 infection
(frequency of symptoms is reported in Figure 4).

Co-prevalence
(n and % with this bination of symp )

17,

20 1 6%

nE
2 4%

10,
3%

e Fover o [ o0 [ X ] o0
eessss—— Headache [ ] [ X o 000 o ©o
——— Cough o [ X J ® 000 [ X J

Runny or stuffy nose o [ ] o o o
Sneezing [ N ) o [ ]
] Fatigue o
37, 4%) mmmm Muscle pain { ] ®

200 150 100 50 O
Prevalence
(n and % with this symptom)

Only combinations with more than 3 individuals are shown.

Common reported symptoms. Denominator of percentages is all 1,007 respondents

Among those who tested positive for anti-SARS-CoV-2 IgG, 40% reported at least one symptom. Among these, the most
common symptoms reported were fever (18.5%), headache (17.5%), cough

(17.9%) and runny/stuffy nose (12.3%), and all four were significantly more Fever - ]
common in seropositive than in seronegative individuals (Figure 5). Headache -« -

Surprisingly, anosmia or ageusia was only experienced by 4.3% of the Cough —s -

seropositive respondents (versus 1.9% of seronegative respondents).
Runny or stuffy nose -«

About 83% of respondents with symptoms reported that those symptoms Sneezing -
were of moderate severity. But for 44 individuals (15% of those with Fatigue -
symptoms) the symptoms were considered severe. Muscle pain -
Seropositive
Smell or taste loss - Bio . Seronegative

Sore throat - Wis
Stomach ache - Wis
Nausea, Vomiting - 13
' Bis

’ 0.7
Diarrhoea - Wis

07

Shortness of breath - Jos
0.3

Other - jo4

0 5 10 15 20
Percentage with each symptom

of 302 seronegative and 669 seropositive individuals

Frequency of symptoms among 1gG
seropositive and seronegative individuals. -
square: * p <0.05
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Risk factors for symptomatic COVID-19

Based on the WHO criteria for COVID-suspect symptoms', 51 of 328 1gG/IgM seropositive individuals (15.6%) and 64 of
642 seronegative individuals (10%) reported COVID-suspect symptoms, suggesting that the WHO criteria may lack
specificity for identifying true COVID-19 symptoms—these might be common symptoms with other respiratory infections
or similar pathologies. We analysed a range of variables for association with the presence of symptoms among those with
antibody seropositivity. Only smoking status was a significant predictor (Table 6). Smoking is known to alter the respiratory
tract and may thus render the host vulnerable to respiratory infections including SARS-CoV-2.

Risk factor analysis for symptomatic COVID-19 among antibody seropositive respondents (n = 324)

Univariate Univariate Multivariate Multivariate
Variable n Symp. % Symp. OR(95% CI) ORplot OR(95% CI) ORplot
Sex ' \
Female 152 22 I 145 Reference : Reference :
Male 147 27 [ 184 1.3(0.72-25) b 1.12 (0.57 - 2.2) +

Age 1 |

5-14 69 9 I 13 0.48 (0.19-1.2) I: 0.58 (0.23-1.5) .l-
15-29 97 14 I 14.4 0.54 (0.24-1.2) -: 0.56 (0.25 - 1.3) -',
30-44 67 16 . 23.9 Reference : Reference :

45-64 51 8 I 15.7 0.59 (0.23-1.5) .:- 0.52(0.19-1.4) -:-
65 + 15 2 33 0.49 (0.1 -2.4) - 0.49 (0.1-2.5) -

Do you smoke? | !
Non-smoker 261 37 I 14.2 Reference : Reference :
Ex-smoker 27 7 P50 2.1(0.84-5.4) — 2.08 (0.77 - 5.7) =—
Smoker 11 5 - 455 5 (1.46 - 17.4) | @ %4.49(1.19 - 16.9) [

124 8 124 8

OR: Odds ratio. Asterisks indicate significance at a 0.05 alpha level. 4 individuals (1%) were dropped due to variable missingness. Variables
that were not significant at a 0.10 alpha level and were not controlled for in the multivariate regression include BMI group, pregnancy status,
the presence of hypertension, of respiratory iliness, or of diabetes in the respondent, and the respondent’s smoking status.
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Health-seeking behaviour during the
pandemic

We defined healthcare-needing respondents as those who
reported any existing chronic condition or any acute
symptom since March 1st, 2020. Based on these criteria,
368 individuals were prospectively in need of health care
during the pandemic period (Figure 6)

Among  this
respondents, 13% visited private clinics and 8% visited

population  of healthcare-needing

general public hospitals and none went to a specialized
COVID-19 care centre (Figure 7).

Epidemiological survey and active screening for COVID-19
Feb 2021

103 No symptoms or condition
16 Chronic condition(s)
157 N 26 66 Acute symptom(s)

® COVID-suspect acute symptom(s)

639

Euler diagram showing the sets of individuals with chronic
conditions, acute symptoms and COVID-19-like symptoms

Forty-seven participants reported hospitalization, but only one hospitalization was in relation to COVID-19. Very few

individuals reported additional health expenditure due to COVID-19; in cases when this was reported, the additional

expenses were mainly for the purchase of personal protective equipment (7 participants paid for transport, 2 for the test

and 2 for consultation).

In the group of people with chronic conditions, 14.8% experienced disruption in the continuity of healthcare and 11% had

difficulties in accessing their regular treatment. This highlights the significance of COVID-19 on the management of other

diseases, and calls for public health measures to revive the affected health services, which include chronic diseases

monitoring units (diabetes, hypertension, HIV, etc), outpatient departments, vaccination program, family planning, etc.

304 7%

204

10 1

O-
48,13% I Private clinic ( J

37,10% I
30,8% I
21,6% I
20,5% mmmmmm Public clinic
15,4% mmmmm Private hospital
4,1% M Traditional healer
60 40 20 0
Set size,
% who consulted here

Doctor
Public hospital
Nurse

27,

Intersection size,
% who consulted with thiscombination

7,

2% 5, 5, 5,

1% 1% 1% gy 13;) 2,
° 1%

Only combinations with more than 1 individual are shown.

Health services used by those who reported any acute symptom/sign or chronic condition.
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Among those who reported acute symptoms, only 75 individuals (7%) sought medical attention; the majority (62%) used
self-medication on the advice of a family member or other persons. Antipyretics (i.e. paracetamol), traditional medicines
and antibiotics were the most commonly used remedies for those who had signs/symptoms (Figure 8).

Intersection size,
% who ticked this combination

04 l19%
40 A
22|31 359
B E) )
20 > |5%| 5%
29
O.
—— Paracetamol [ 0000 4 e
s Traditional medicines o o e o ]
s Antibiotics o [ ] [ )
mmmmm Other 00 O 000
\ mm No medication [ ]
m Other anti-inflammatories o o
14, 5%) ® Hydrocortisone o
200 150 100 50 0
% who t?:l:esldztel;is option Only combinations with more than 2 individuals are shown.

Most common treatment combinations used by those who reported acute symptoms. (Denominator of
percentages is the 302 respondents who reported any acute symptoms)

In seeking care either for an acute event or for a chronic disease condition, a number of obstacles were reported. Fifty-four
individuals (15%) answered that they had encountered financial difficulty in paying for care since March 1st, and 45 (12%)
individuals said financial difficulty caused them to delay care. Of note, only 25 of these respondents (7%) have medical
insurance (Figure 9).

Barriers to care

among the healthcare-needing population

% Answering "Yes"

Since March 1st, have you had financial difficulty in
paying for medical costs?

Since March 1st, have you had to delay medical care
for financial reasons?

Do you have medical insurance?

Have you had difficulty in accessing care due to
inavailability, or price-hiking, of transportation?

Since March 1st, have you felt that going into health
care centers is dangerous because of COVID-19?

Possible barriers to healthcare among those who reported at least one acute
symptom or chronic condition.
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Determinants of health service utilization during the pandemic

Epidemiological survey and active screening for COVID-19

Feb 2021

We used random-effects logistic models to assess determinants of formal health service utilization among the healthcare-

needing population. Formal healthcare included visits to a doctor, nurse, clinic, hospital or specialized COVID-19 care centre.

As expected, respondents who felt that it was dangerous to go to clinics due to possible COVID-19 exposure were
significantly less likely to have sought out formal healthcare. This was the only predictor that was significant at an alpha

level of 0.05.

Predictors of formal healthcare consultation among those with COVID-19-suspect symptoms (n = 116)

Variable n
Sex
Female 59
Male 57
Age
5-14 17
15-29 44
30-44 31
45 - 64 19
65 + 5

care

21
25

5
20
9
8
4

Consulted % Consulted Univariate

care OR (95% CI)

- 35.6 Reference
B sse 1.4 (0.67-3)

| X 1(0.28-37)

B s 2(0.77-5.4)
. 29 Reference
| R 1.8 (0.54-5.9)
B0 98096-999)

Are you worried about stigma from COVID diagnosis?

Not worried about stigma 76

Worried about stigma 40

35
11

- 46.1 Reference

. 275 0.44(0.19-1)

Are health centres dangerous due to exposure to COVID-19?

Not dangerous 43

Yes, dangerous 73

24
22

- 55.8 Reference

| 0.34 (0.16 - 0.75)

Univariate

ORplot

124 8

Multivariate
OR(95% CI)

Reference

0.98 (0.43 - 2.24)

0.87 (0.22 - 3.46)
2.23(0.78-6.37)
Reference
1.39(0.39-4.97)
8.21(0.72-93.95)

Reference

0.46 (0.19 - 1.12)

Reference

0.27 (0.11 - 0.66)

Multivariate
ORplot

wk
12 4 8

OR: Odds ratio. Asterisks indicate significance at a 0.05 alpha level. 3 individuals (2.5%) were dropped due to variable missingness. Variables

that were not significant at a 0.10 alpha level and were not controlled for in the multivariate regression include income decrease during the

pandemic, stated difficulty in paying for medical costs, and stated difficulty in traveling to healthcare centres.
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Effects of COVID-19 on individuals and households

Concerning the effect of the epidemic on the households, 163 households
(85%) reported that their income had fallen since March 1st. Households
where the head was a salaried worker or had a university degree appeared
to be least financially affected, with only 67% and 63% reporting an income
reduction (Figure 10).

Of the included households, 11 reported a death in the household during
the period of the epidemic. The mean age of people who died was 69.5 years
and none of these deaths were reported to be known COVID-19-related.

Concerning the effect of the epidemic on the daily living of the studied
communities, 560 of the respondents (56%) reported having to reduce daily
activities, including 492 (49%) who reported reduced work hours because of
confinement.

More than 50% (543) of respondents reported an increase in stress and
pressure in the family environment with 343 (34%) notifying having been
victims of psychological or physical violence.

Facing all these constraints, external support was very limited, only 94 (9%)
report having received external help. This help was primarily monetary, or in
the form of free personal protective equipment; the most common sources
of these supports were from the government and non-governmental
organizations (53%) or other family members (40%).

Overall, social and family activities have been seriously disrupted during the
pandemic, leading to situations of conflict, stress, and even violence. These
situations are of major concern as reduction in social and working activities
has been described as a trigger for domestic violence exacerbated by

confinement and experienced disproportionally by vulnerable groups.?® As our

Feb 2021

Income decrease during the
pandemic

"Since March 1st, has the revenue of the
household fallen?"

All household heads

Female ne 71
88%
Male n=92

15-29
30-44
45 - 64

65 +

No formal instruction
Primary
Secondary

s
[

~

o

University
Other level

Businessperson

Home-maker
Retired

Salaried worker K

Small trader

! 2
°
! U‘o
R

Other occupation

—— = = = = T ———

Definitely yes noa

Partly na-Tgé
Definitely not
Antibody testresult =
Positive
Negative

% of household heads reporting income

data offer only a shallow exploration of this phenomenon, further studies are 4o reases since March 1st

needed to informed decisions regarding community preventive measures.
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Respect of distancing measures

Attitudes towards COVID-19 "Do you follow social distancing recommendations
(avoid handshakes or hugs, avoid unnecessary
Participants’ attitudes towards the COVID-19 pandemic were noteworthy: outings, etc.)’ Definitely Partly
around 825 (82%) reported fear of contamination (Figure 11), but only All respondents 2550
Gender

23% said they fully followed the rules of physical distancing (Figure 12).

26%

- . . Female et :
Nearly half of the participants believed that people with COVID-19 are Vol —_—
ale
. . o Lo
stigmatized, and 7% reported that they would conceal their illness to Agegioups
avoid this stigma. 5.14
15-29
30-44
Attitudes and behaviors 45 - 64
regarding COVID-19 among all survey respondents
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Between March and November 26, 2020, SARS-CoV-2 appears to have circulated quite broadly in the city of Yaoundé,
affecting about one third of the population in the Cité Verte district. However, more than 60% of those exposed had no
symptoms, confirming that the largely asymptomatic nature of infections within this community.

The rate of seroprevalence observed, while similar to recent findings in other African settings, is quite high compared to
results from other regions.

Considering IgM prevalence as a surrogate of recent infection (IgM response appearing between 5 and 12 days after
symptoms onset), an overall low seroprevalence (3.4%) was found in this township, supporting rapid disappearance of this
biomarker and its limited utility in monitoring SARS-CoV-2 infection.

Evidence from our findings shows that the most exposed groups in the community entail men, obese, and people living in
crowded households. The differences in geographical distribution in the district appear to be driven by the density of
households; in large households, physical distancing is more challenging.

Regarding health seeking behaviours, our report suggests some substantial health service disruptions during the pandemic
period. Importantly, a certain number of respondents (15%) had difficulties in paying for healthcare services for acute or
chronic conditions during the first phase of the pandemic, suggesting the need for in-depth investigation on the impact of
COVID-19 on the health system in Cameroon. This is particularly important as COVID-19, appears as a source of significant
disruption to household activities and incomes (85% reporting reduction of income).

Social and family activities were also significantly disrupted, leading to certain situations of conflict and stress, including

violence. This is concerning as reduction in social and working activities has been described as a trigger for domestic
violence exacerbated by confinement and experienced disproportionally by vulnerable groups.
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