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Abstract

The extent of SARS-CoV-2 circulation in many African countries remains unclear, underlining
the need for antibody sero-surveys to assess the cumulative attack rate. Here, we present the results
of a cross-sectional sero-survey of a random sample of residents of a health district in Yaoundé,
Cameroon, conducted from October 14 to November 26, 2020. Among the 971 participants, the
test-adjusted seroprevalence of anti-SARS-CoV-2 IgG antibodies was 29:2% (95%CI 24-3-34-1).
This is about 323 times greater than the 0.09% nationwide attack rate implied by COVID-19 case
counts at the time. Men, obese individuals and those living in large households were significantly
more likely to be seropositive, and the majority (64-2% [58-7-69-4]) of seropositive individuals
reported no symptoms. Despite the high seroprevalence, most of the population had not been
infected with SARS-CoV-2, highlighting the importance of continued measures to control viral

spread and quick vaccine deployment to protect the vulnerable.
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Introduction

The 2019 coronavirus disease (COVID-19) has placed an unprecedented burden on health systems
around the world. In resource-limited settings within sub-Saharan Africa (SSA), gaps in medical
infrastructure, difficulties in implementing hygiene measures, and perceived public health

vulnerabilities were projected to lead to overwhelming morbidity and mortality burdens.!*?

To date, however, official counts of COVID-19 cases and deaths suggest a relatively mild
epidemic trajectory on the African continent. As of March 4, 2021, only two African countries,
Egypt and South Africa, had reported more than 9 000 COVID-19 related deaths.> Cameroon,
which reported its first case on March 6, 2020, had reported only 35 714 cases one year after,
implying an attack rate of 1-43 cases per thousand residents (as compared with the 50-7 cases per

thousand seen in the European Union).

Multiple hypotheses have been advanced to explain the seemingly mild trajectory of the COVID-
19 epidemic in Africa: researchers have pointed to warm climate conditions across much of the
continent, timely and effective preventive measures put in place by governments, the young and
predominantly rural population, and cross-reactive immunity from other infections as potential
mitigating factors.>* However, the true scale of the epidemic in many African countries is still
unclear, as the PCR and antigen-confirmed case counts that are commonly relied on may

understate viral spread.>>

In this context, the use of serological antibody tests to detect past exposure to the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) is valuable. Serological assays can detect
evidence of SARS-CoV-2 infection from two weeks to several months after the onset of symptoms,
and can reveal past infection even in asymptomatic cases.>’ They are therefore valuable for
accurately assessing the cumulative attack rate—the proportion of the population that has ever

been infected with SARS-CoV-2.

However, only a few SARS-CoV-2 antibody serosurveys have been conducted in African

countries to date,®%-10-1112.13

and the majority of sero-surveys have been conducted on healthcare
workers, convenience samples of blood donors and other non-representative populations; no
published surveys have been performed on a random sample of the general population in an

African country. Here, we report the results of a cross-sectional, community-based sero-survey of
3
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a random sample of residents in a health district of Yaoundé, the capital city of Cameroon. We
aimed to estimate the prevalence of anti-SARS-CoV-2 antibodies in this population, to assess risk

factors for seropositivity, and to investigate the symptoms of seropositive respondents.

Results

Out of the 255 households visited between October 14 and November 26, 2020, 180 (70-6%)
agreed to participate, resulting in a final sample of 971 participants (full study profile in appendix
1 p 1). Table 1 shows the sociodemographic characteristics of the final sample. The median age of
participants was 26 years (IQR: 14-38), and 56-5% of them were female (n = 549). The majority
were students (39-3%, n = 402), informal workers (21-3%, n = 218) or traders (12:6%, n = 129).
A total of 112 respondents (11:5%) reported suffering from a chronic condition, mainly

hypertension (3:3%, n = 32), respiratory illnesses (1-7%, n = 17) or diabetes (1-1%,n=11).

Of the 971 respondents tested for antibodies, 302 (31-1%) were IgG positive, 32 (3:3%) were IgM
positive, and a combined 328 (35-1%) were positive for at least one antibody type (figure 1A).
The overlap between IgG and IgM seropositivity was low, with only six individuals testing positive
for both antibody types. Active COVID-19 infection was uncommon: only one PCR test was
positive among the 21 tests performed on suspected cases, for an implied active infection rate of

0-1%.

The highest overall seroprevalence (IgG and/or IgM) was seen in the Briqueterie neighbourhood,
where 43-8% (95% CI 30-7-57-7) of tested residents were seropositive (figure 1C). All
neighbourhood-level seroprevalence estimates are reported in appendix 1 (p 3). Most households
(73%, 131 of 180) had at least one seropositive resident but the range of household-level
seroprevalence was broad: from 0 to 100%, with a median of 33% (IQR + 25%). Notably, there
were only two households (1-1%) in which everyone was seropositive; one of these was a single-
resident household and the other had two residents. The detailed distribution of household

seropositivity is reported in appendix 1 (p 4).

After population weighting and test performance adjustment, the overall seroprevalence of IgG
antibodies was 29-2% (95% CI 24-3-34-1; table 2). Men had a higher seroprevalence than women
(33-1% [27-6-40-5] versus 25.3% [20-0-31-2]), and seroprevalence increased with age, although
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these differences were not statistically significant. The proportion of IgM-positive individuals was
lower (3:3%) than the expected false positive rate of the IgM test (6:9%), so adjusted IgM
seroprevalence estimates were statistically indistinguishable from zero. For this reason, IgM

results were not considered in the analysis of symptoms or of seropositivity risk factors.

The multivariable risk factor analysis for IgG seropositivity revealed significantly higher odds of
seropositivity for men (OR: 1-61 [95%CI 1-2-2-2]), residents of households with six or more
residents (OR: 1-6 [1-1-2-4]; reference: households with three to five residents) and individuals
with a BMI above 30 kg/m? (OR: 1-84 [1-1-3-0]; reference: 18-5-24.9 kg/m?). The highest
stratified seroprevalence was seen in respondents who had been in contact with a known or

suspected COVID-19 case: 45:-7% (16 of 35) of these individuals were IgG positive.

Among the 302 IgG seropositive participants, 35-8% (n = 108) reported having had at least one
COVID-19-related symptom; among the 669 IgG seronegative participants, this proportion was
28:0% (n = 187) (figure 3a). The most common symptoms reported among the IgG seropositive
individuals were fever (18:5%, n = 56), headache (17:6%, n = 53), cough (17-9%, n = 54) and
rhinorrhoea (12-3%, n = 37), and all four were significantly more common in seropositive than in
seronegative individuals (figure 3c). Surprisingly, anosmia and/or ageusia was only experienced
by 4:3% (n = 13) of the seropositive respondents. Cough alone and cough plus rhinorrhoea were
the two most common symptom profiles among IgG seropositive participants (figure 3b). In terms
of severity, 80% of IgG seropositive respondents with symptoms (83 of 104) graded these

symptoms as mild or moderate.

Among the 302 IgG seropositive individuals, only 27 (8:9%) consulted any healthcare services
over the pandemic period (appendix 1 p 5). The most common medications taken by this group
were paracetamol (19-9%, n = 60), traditional medicines (14-6%, n = 44) and antibiotics (10-3%,

n = 31; appendix 1 p 6), and these were most commonly self or family-prescribed.

A total of 46 respondents reported having been hospitalised between March 1, 2020 and the date
of survey, but only one of these was reported to be COVID-19-related, implying a hospitalization
rate of 0-3% (one out of 302 IgG seropositive respondents). Over the same period, 11 of the 180
surveyed households reported the death of a family member, but none of these deaths was reported

to be COVID-19-linked.
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Discussion

In this urban setting of Cameroon, the adjusted seroprevalence of SARS-CoV-2 IgG antibodies
was found to be 29-2%, implying that around 126 000 of the district’s 432 858 inhabitants had
been infected with SARS-CoV-2 by the survey’s end date, November 26, 2020. This proportion is
about 323 times greater than the 0.09% nationwide attack rate implied by PCR and antigen-
confirmed case counts at that time.> The large discrepancy suggests that the true cumulative
incidence of COVID-19 in Cameroon may be far larger than the number of cases officially

reported.

The underreporting of COVID-19 cases implied by our survey is not unique. In a recent systematic
review, Chen et al. (2021) compared the number of infections estimated by seroprevalence surveys
to the number of PCR-confirmed infections in a range of countries and found a pooled ratio of
111 (95% CI 8-3—-14+9),' meaning that for each virologically-confirmed COVID-19 case, there
were at least ten undetected infections in the community. Across individual settings, this ratio
varied widely, from 2-0 in a Faroe Islands study,? to 103-0 in a study of Indian villages.?! Taken
together, these findings and ours suggest that PCR-confirmed case counts are poor proxies for the
true attack rate of SARS-CoV-2, and that cross-national comparisons based on such case counts

may be misleading.

We found that men and obese individuals (BMI > 30 kg/m?) were significantly more likely to be
seropositive, and we also observed higher seropositivity, although non-significant, among older
age groups. It is uncertain whether the raised seroprevalence in these groups represents a greater
risk of SARS-CoV-2 infection per se, or a greater probability of antibody detection. Older, male
and obese individuals are known to experience more severe COVID-19 symptoms,*? and severe
illness is linked to stronger and longer-lasting antibody responses.?? As a result, serosurveys
performed several months after infection may detect antibodies more frequently in these groups
because they experienced more severe illness and stronger antibody responses, not because they

were infected at higher rates.

Alternatively, the physiological factors that predispose men, the obese and the elderly to more

severe disease may also make them more susceptible to initial infection. Some studies have

suggested that adults may be more likely to be infected with SARS-CoV-2 than young children,?*?
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and a few point prevalence studies have found slightly raised viral attack rates in men.?627 If the
risk factors for infection and those for severe illness overlap, then surveillance and prevention
measures that focus on the higher-risk groups may be particularly appropriate, especially in

contexts where stringent population-wide measures are not feasible.

The rate of asymptomatic infection in our study is higher than usually described; approximately
70% of the IgG positive individuals in the sample did not report any COVID-19-related symptoms.
In a recent meta-analysis by Byambasuren et al.,?® the measured asymptomatic rate was much
lower—a pooled estimate of 17% (95%CI 14%-20%). COVID-19-related hospitalisation was also
relatively uncommon in our sample (0-3% among the IgG seropositive individuals), and no

COVID-19-linked deaths were reported in any of the surveyed households.

These favourable outcomes could reflect the relatively young population in the region of study. As
COVID-19 severity increases exponentially with age, the overall burden of disease in young
populations is expected to be less severe.?? Cameroon’s median age of 18-6 years, and the African
median of 19-7,% are therefore noteworthy, and may explain the limited COVID-19 mortality
impact here as compared with the other regions; the median age in Europe, for example, is 40-2

years.”

However, caution should be exercised in interpreting the low hospitalisation and death rates
implied by our study. The surveyed households reported a total of 46 hospitalisations and 11 family
member deaths over the pandemic period. While only one hospitalisation and none of the deaths
were known to be COVID-19-related, it is possible that the factors limiting testing in the general
population also applied to those who were hospitalised and dying. Thus, we cannot rule out the
possibility that some of these hospitalisations or deaths were actually COVID-19-linked. Of note,
a study of deceased patients in a hospital morgue in Lusaka, Zambia found that 15% of those who
died between June and September 2020 had COVID-19 at the time of death, although only 9% of
these deceased individuals were tested for SARS-CoV-2 before death.?® Further investigations are
therefore required to assess the number of undiagnosed COVID-19-related deaths in countries

within the SSA region.

Our study has several major strengths. This is one of the first studies to assess SARS-CoV-2
antibody seroprevalence in a random sample of residents in an African city. Our random selection

procedure ensures representativeness of the target population and minimizes the risk of bias. The

7
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study also demonstrates the feasibility of performing a geo-sampled door-to-door serological
survey in an African city—a simple, effective study design that can be applied widely. Finally, we
validated the performance of the chosen antibody test on local pre-pandemic sera, thus ruling out

concerns about low test specificity in African populations.?!

The study was also subject to a number of limitations. We registered a household refusal rate of
24%, which may be a source of bias if household refusal was correlated with seropositivity.
Secondly, we asked participants to recall symptoms experienced over a period of seven to eight
months, a possible source of recall bias. This long time interval also means that we were unable to
directly link reported symptoms to COVID-19 infection: many of the reported symptoms may have
been caused by other illnesses experienced over the same time period. Lastly, we were unable to
validate the sensitivity of the antibody tests on local samples of known COVID-19 cases, relying

instead on a validation study from a European population.

In conclusion, our sero-survey indicates that nearly one in three individuals in Yaoundé, Cameroon
was exposed to SARS-CoV-2 by November 26, 2020. Together with similarly high seroprevalence
estimates from other SSA studies—24-5% in Niger state, Nigeria,® 25-1% in Abidjan, Ivory

Coast,'? 19-7% in Brazzaville, Congo,*?

among others—these findings point to extensive and
under-reported circulation of SARS-CoV-2 in settings across the African continent. As men, obese
individuals, and those living in large households were found to be significantly more affected, it
may be valuable to tailor public health interventions toward these groups. Despite the high
seroprevalence, the data indicate that in Yaoundé, as in most other surveyed regions in Africa, the
majority of the population has so far avoided SARS-CoV-2 infection, highlighting the importance

of continued mitigation measures, tracing and testing, and quick vaccine deployment to curb

further spread.



213 Figures and Tables

214  Table 1: Sociodemographic characteristics of the participants in the final sample of 1007 study

215  participants. N is the number of individuals in each stratum. IQR: Interquartile range. BMI: Body mass
216  index

Characteristic N %
Age groups (years)
5-14 241 24.8
15-29 325 33.5
30-44 212 21.8
45 - 64 153 15.8
65 + 40 4.1
Sex
Female 549 56.5
Male 422 43.5
BMI (kg/m?)
< 18.5 (Underweight) 160 16.5
18.5-24.9 400 41.2
25 - 30 (Overweight) 247 254
> 30 (Obese) 160 16.5
Unknown 4 0.4
Education Level
Secondary 433 44.6
Primary 318 32.7
University 145 14.9
No formal instruction 52 54
Doctorate 17 1.8
Other 6 0.6
Profession
Student 402 39.3
Informal worker 218 21.3
Trader 129 12.6
Home-maker 74 7.2
Unemployed 70 6.8
Salaried worker 54 5.3
Retired 32 3.1
Other 43 4.2
Chronic conditions
Hypertension 32 3.3
Respiratory illness 17 1.7
Diabetes 11 1.1
Other 52 5.3
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Figure 1: Crude IgG and IgM seroprevalence: A. Euler diagram showing seropositivity of respondents
by antibody test. B. Seropositivity of respondents by antibody test and age-sex stratum. Percentage labels
indicate the proportion of each stratum that is IgG and/or IgM seropositive. C. Household and geographic
variation in seropositivity. Fill colour indicates the neighbourhood seroprevalence (IgG and/or IgM). Pie
charts indicate household size, household location and the proportion of the household that is seropositive.
Pie charts are dodged and jittered to avoid overlap and to preserve location anonymity. Five households are
not shown due to improperly-coded or missing coordinates.
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224

Table 2: Age-sex weighted and test-adjusted seroprevalence estimates for anti-SARS-CoV-2 IgG

225  antibodies. When a variable was stratified it was removed from the weights. Confidence intervals
226  for test-adjusted estimates are Lang-Reiczigel intervals, which take into account the sample size
227  of the antibody test validation study. Other confidence intervals are Wilson score intervals.
n Pos. Seroprevalence (95% confidence interval)
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) 26.1% (18.9-34.1)
15-29 325 98 30.2% (25.4 - 35.4) 30.7% (25.9 - 35.9) 28.5% (21.4-35.1)
30-44 212 69 32.5% (26.6 - 39.1) 32.7% (26.7 - 39.3) 30.8% (22.9 - 39.5)
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)

11
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n Pos. % Pos. OR(95% CI) OR plot OR (95% CI) OR plot
Sex V i
Female 545 153 -28,1 Reference : Reference :
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Age 1 1
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Messa a7 17 [lss2 2.1(0.82-53) +—a—— 216(0.82-57) e
T p——— ! !
12 20 2 Jo 029(006-14) @i 031(006-15) @i
3<5 238 64 .26,9 Reference | Reference |
>5 708 235 [J332 1.39(0.96 - 2) - 1.59(1.07 - 2.4) -— %
12 4 12 4

Figure 2: Risk factor analysis for IgG seropositivity n = 966. Based on logistic models with
household random intercepts. Asterisks indicate significance at a 0.05 alpha level. OR: Odds
ratio. 41 individuals (4%) were dropped due to missing covariables. Recent contact indicates
contact since March 1Ist, 2020. A “COVID case® is a confirmed or suspected COVID-19 case.
Variables that were found to be not significant at a 0.30 alpha level, and which were not
controlled for in the multivariable regression, include presence of comorbidities, breadwinner

status, adherence to social distancing rules, household neighbourhood and presence of children in

the household.
12
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Figure 3: COVID-compatible symptoms of survey participants. Participants reported any
COVID-compatible acute symptoms (all shown in panel C), which were experienced between
March 1, 2020 and the date of survey. A. Matrix plot showing the intersection of symptomaticity
with IgG seropositivity. The area of each rectangle is proportional to the number of respondents
in the category. B. The ten most common symptom profiles among IgG seropositive individuals.
C. Comparison in frequency of symptoms between IgG seropositive and seronegative individuals.
X- square: * p<0.05
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Methods

Population and sampling

The study was conducted in Cité Verte, a health district of Yaoundé, Cameroon with an estimated

population of 432 858 inhabitants.

Based on power calculations with an assumed prevalence of 20%, a precision of 5% and a
confidence level of 95%, we estimated a required sample of 245 participants. The final target

population was increased to 1000 people (250 households) to further increase statistical power.

Households were randomly selected from a pre-processed set of residential buildings based on
OpenStreetMap data (full procedure in appendix 1 p 7).!* Data collection took place between
October 14 and November 26, 2020 (sampling timeline in appendix 1 p 2). In the field, each
sampled household was visited by study investigators, who either interviewed residents on the first
meeting, or arranged an appointment for a future interview if household members were not all

present.

In each household, all individuals between five and 80 years of age were included if they (a) had
been present in the household for at least 14 days prior to the survey, and (b) could give written

informed consent (or had an adult guardian who could give consent).

Testing procedure

The Abbott Panbio™ COVID-19 IgG/IgM Rapid Test Device was used to screen for SARS-CoV-
2 IgG and IgM antibodies in capillary blood collected from a finger prick. This is an
immunochromatographic, lateral flow test for the qualitative detection of IgG and IgM antibodies
to the nucleocapsid (N) protein of SARS-CoV-2. Test results were classified into one of five
categories: negative, IgG positive alone (indicating past infection), IgM positive alone (indicating
recent infection), IgG and IgM positive (also indicating recent infection), or invalid/inconclusive.

Invalid/inconclusive results were repeated and classified accordingly.

The test has a manufacturer-estimated sensitivity and specificity of 95-8% and 94% respectively.

However, since test specificity varies across populations, externally-assessed specificity values
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may be misleading. Thus, we also validated the test specificity on a panel of 246 pre-pandemic
(2017) samples from individuals living in Yaounde. The IgG test correctly diagnosed 230 of these
samples (93-5% specificity), while the IgM test correctly diagnosed 229 samples (93-1%
specificity). For IgG sensitivity, an estimate of 91-5% was used, as obtained from a validation

study on hospitalized COVID-19 patients 14-56 days post symptom onset.'

Alongside serological testing, a questionnaire was administered on disease symptoms experienced

since March 1, 2020, and on health-seeking behaviour over the same pandemic period.

Data analysis

To arrive at final seroprevalence estimates, crude proportions were re-weighted to match the age-
sex distribution of the Yaounde population, as sourced from the 2018 Cameroon DHS.!® We used
the Rogan-Gladen formula to adjust IgG seroprevalence estimates to account for test
performance,!” and we used Lang-Reiczigel intervals for confidence intervals around these
estimates.!® We did not apply test performance corrections to the IgM seroprevalence estimates
due to the inherently uncertain sensitivity of IgM tests; as IgM antibodies decline rapidly after

infection, sensitivity varies widely with time since infection.

For the seropositivity risk factor analysis, we used logistic regression models with household
random intercepts to account for within-household clustering. The following risk factors were
analysed: sex, age (categorised as 514, 15-29, 3044, 45-64 or 65+ years), highest education
level (no formal instruction, primary, secondary, university, doctorate), BMI group (< 18-5, 18-5—
24-9, 25-30 or > 30 kg/m?), contact with an international traveller since March 1, 2020 (recent
contact, no contact or unsure about contact), contact with a suspected or confirmed COVID-19
case since March 1, 2020 (recent contact, no contact or unsure about contact), presence of
comorbidities (combining hypertension, respiratory illness, diabetes, tuberculosis, HIV,
cardiovascular illness and/or “other illnesses” which were not explicitly listed in the
questionnaire), whether or not the respondent was the breadwinner, adherence to social distancing
rules (“Yes”, “No”, or “Partly”), location of the household (one of nine neighbourhoods), number
of household members, and whether or not there were children in the household. Each variable
was first analysed in a univariate model. A Wald chi-square test was then carried out on each

univariate model, and all variables below a relaxed p-value cut-off of 0-30 were entered into the
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multivariable analysis. This full multivariate model was presented. Individuals with missing

covariables were not included in the regression analysis.

Data were processed and analysed using R version 4-0-2.
Ethical considerations

The study protocol obtained the ethical clearance (N°2020/09/1292/CE/CNERSH/SP) and the
administrative  authorization of the Ministry of Health of Cameroon (N°D30-
845/L/MINSANTE/SG/DROS). Every adult participant (21 years or above) signed an informed
consent form and, for minors, a person with parental authority was asked to sign the consent form.
Minors who were able to sign were also asked to sign a special assent form. In cases where active
COVID-19 was suspected (based on the result of the IgG antibody test and self-reported
symptoms), a nasopharyngeal swab test was offered to the respondent and sent for analysis at the
study reference laboratory, the Chantal BIYA International Reference Centre (CIRCB) in
Yaoundé. All members of the survey team were trained in health research ethics and good clinical

practice.
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Data availability

The anonymized participant data can be shared with investigators upon signing of a data access

agreement. Requests should be addressed to the corresponding author.

Code availability

The code used to generate all tabular, graphical and other analytic outputs in the paper is

available at the following repository: https://github.com/kendavidn/yaounde serocovpop_shared

Acknowledgements

We would like to thank all the participants who accepted the study staff in their homes and
generously offered their time during a difficult period. We thank all the interviewers, the
Cameroonian Ministry of Health, the Cameroonian National Ethics Committee and all the staff of
the health district of Cité Verte. We are also grateful to: Miss Thomas Eyinga, Evelyne Boyomo
and the community health staff for field support; Wingston Ng’ambi and other members of the
UNIGE Institute of Global Health for helpful feedback and suggestions; the virology laboratory at
CIRCB, especially the Director, Prof. Alexis Njolo, for laboratory support; and Dr Hermine
Abessolo, Dr Ngo Nsonga Marie Thérese and Mr Talom Calice of the Scientific Committee for

their valuable guidance.

Funding

This study was supported by the UHC Program and Bilateral Health Project in Cameroon of the
Deutsche Gesellschatft fiir Internationale Zusammenarbeit (GIZ) GmbH, the P4H Health Financing

Network, and the Canton of Geneva.

Author contributions

LC, FW and EC conceived and designed the study. FW, LM, AT and JM participated in data
collection. NR designed the spatial sampling methodology. KN and EO analysed and interpreted
17



339  the data and produced the output figures. KN and JF wrote the initial manuscript, and all authors
340  contributed to subsequent revisions and approved the final version submitted for publication. LC,
341 EM and FW had full access to all the data in the study and KN and LC had final responsibility for

342  the decision to submit for publication.

343 Declarations of interests

344  The authors declare no competing interests.

18



345

346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375

References

1 AFP. WHO warns Africa is ill-equipped to deal with coronavirus due to ‘weaker health

systems’.TheJournal.ie. https://www.thejournal.ie/world-health-organisation-african-
coronavirus-5017867-Feb2020/ (accessed Dec 8, 2020).

Umviligihozo G, Mupfumi L, Sonela N, et al. Sub-Saharan Africa preparedness and response
to the COVID-19 pandemic: A perspective of early career African scientists. Wellcome Open
Res 2020; 5. DOI:10.12688/wellcomeopenres.16070.2.

Dong E, Du H, Gardner L. An interactive web-based dashboard to track COVID-19 in real time.
Lancet Infect Dis 2020; 20: 533-4.

Diop BZ, Ngom M, Biyong CP, Biyong JNP. The relatively young and rural population may
limit the spread and severity of COVID-19 in Africa: a modelling study. BMJ Glob Health
2020; 5: e002699.

Stringhini S, Wisniak A, Piumatti G, ef al. Seroprevalence of anti-SARS-CoV-2 IgG antibodies
in Geneva, Switzerland (SEROCoV-POP): a population-based study. The Lancet 2020; 396:
313-9.

Zhao J, Yuan Q, Wang H, ef al. Antibody Responses to SARS-CoV-2 in Patients With Novel
Coronavirus Disease 2019. Clin Infect Dis Off Publ Infect Dis Soc Am 2020; 71: 2027-34.
Dan JM, Mateus J, Kato Y, ef al. Immunological memory to SARS-CoV-2 assessed for up to 8
months after infection. Science 2021; 371. DOI:10.1126/science.abf4063.

Majiya H, Aliyu-Paiko M, Balogu VT, et al. Seroprevalence of COVID-19 in Niger State.
medRxiv 2020; : 2020.08.04.20168112.

Olayanju O, Bamidele O, Edem F, et al. SARS-CoV-2 Seropositivity in Asymptomatic
Frontline Health Workers in Ibadan, Nigeria. Am J Trop Med Hyg 2021; 104: 91-4.

10 Chibwana MG, Jere KC, Kamn’gona R, et al. High SARS-CoV-2 seroprevalence in health care

workers but relatively low numbers of deaths in urban Malawi. medRxiv 2020;

2020.07.30.20164970.

11Uyoga S, Adetifa IMO, Karanja HK, et al. Seroprevalence of anti-SARS-CoV-2 IgG antibodies

in Kenyan blood donors. Science 2021; 371: 79-82.

12 Halatoko WA, Konu YR, Gbeasor-Komlanvi FA, et al. Prevalence of SARS-CoV-2 among

high-risk populations in Lomé (Togo) in 2020. PLOS ONE 2020; 15: €0242124.

13Milleliri JM, Coulibaly D, Nyobe B, et al. SARS-CoV-2 infection in Ivory Coast: a

19



376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407

serosurveillance survey among gold mine workers. medRxiv 2021; : 2021.01.27.21249186.

14 OpenStreetMap. OpenStreetMap. https://www.openstreetmap.org/ (accessed Feb 5, 2021).

15Batra R, Olivieri LG, Rubin D, ef al. A comparative evaluation between the Abbott Panbio™
COVID-19 IgG/IgM rapid test device and Abbott Architect™ SARS CoV-2 IgG assay. J Clin
Virol 2020; 132: 104645.

16 Enquéte Démographique et de Santé du Cameroun 2018. Yaoundé, Cameroun et Rockville,
Maryland, USA: Institut National de la Statistique/INS et ICF.

17Rogan WJ, Gladen B. Estimating prevalence from the results of a screening test. Am J Epidemiol
1978; 107: 71-6.

18 Lang Z, Reiczigel J. Confidence limits for prevalence of disease adjusted for estimated
sensitivity and specificity. Prev Vet Med 2014; 113: 13-22.

19Chen X, Chen Z, Azman AS, et al. Serological evidence of human infection with SARS-CoV-
2: a systematic review and meta-analysis. Lancet Glob Health 2021; 0. DOI:10.1016/S2214-
109X(21)00026-7.

20Petersen MS, Strem M, Christiansen DH, et al. Seroprevalence of SARS-CoV-2-Specific
Antibodies, Faroe Islands. Emerg Infect Dis 2020; 26: 2761-3.

21 Mohanan M, Malani A, Krishnan K, Acharya A. Prevalence of SARS-CoV-2 in Karnataka,
India. JAMA 2021; published online Feb 4. DOI:10.1001/jama.2021.0332.

22 Wolff D, Nee S, Hickey NS, Marschollek M. Risk factors for Covid-19 severity and fatality: a
structured literature review. Infection 2021; 49: 15-28.

23Seow J, Graham C, Merrick B, et al. Longitudinal observation and decline of neutralizing
antibody responses in the three months following SARS-CoV-2 infection in humans. Nat
Microbiol 2020; 5: 1598-607.

24 Gudbjartsson DF, Helgason A, Jonsson H, et al. Spread of SARS-CoV-2 in the Icelandic
Population. N Engl J Med 2020; 382: 2302-15.

25Fischer A. Resistance of children to Covid-19. How? Mucosal Immunol 2020; 13: 563-5.

26 Menachemi N. Population Point Prevalence of SARS-CoV-2 Infection Based on a Statewide
Random Sample — Indiana, April 25-29, 2020. MMWR Morb Mortal Wkly Rep 2020; 69.
DOI:10.15585/mmwr.mm6929el.

27Vahidy FS, Pan AP, Ahnstedt H, et al. Sex differences in susceptibility, severity, and outcomes
of coronavirus disease 2019: Cross-sectional analysis from a diverse US metropolitan area.

PLOS ONE 2021; 16: €0245556.
20



408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424

28 Byambasuren O, Cardona M, Bell K, Clark J, McLaws M-L, Glasziou P. Estimating the extent
of asymptomatic COVID-19 and its potential for community transmission: Systematic review
and meta-analysis. Off J Assoc Med Microbiol Infect Dis Can 2020; 5: 223-34.

29 World Bank Open Data | Data. https://data.worldbank.org/ (accessed March 11, 2021).

30Mwananyanda L, Gill CJ, MacLeod W, ef al. Covid-19 deaths in Africa: prospective systematic
postmortem surveillance study. BMJ 2021; 372: n334.

31Mveang Nzoghe A, Essone PN, Leboueny M, et al. Evidence and implications of pre-existing
humoral cross-reactive immunity to SARS-CoV-2. Immun Inflamm Dis 2021; 9: 128-33.

32 Sykes W, Mhlanga L, Swanevelder R, et al. Prevalence of anti-SARS-CoV-2 antibodies among
blood donors in Northern Cape, KwaZulu-Natal, Eastern Cape, and Free State provinces of
South  Africa in  January  2021.  2021;  published online  Feb 12.
https://www.researchsquare.com/article/rs-233375/v1 (accessed Feb 14, 2021).

33SARS-CoV-2 seroprevalence in  COVID-19 hotspots - The Lancet.
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)31482-3/fulltext
(accessed March 1, 2021).

34The Lancet null. COVID-19 in Africa: no room for complacency. Lancet Lond Engl 2020; 395:
1669.

21



Figures

A B

. Female — e Male
(9 of 24) (8 of 16)

o
- 27.4% 47.1%
g B (23 of 84) --{33 of 70)
=]
@ _44 - 33.6% 36.1%
g HH (440{131)--(30°f83)
37.4%
1929 (56of188>_ (520f139)
5.14- 29.8% 30.5%
(37 of 124) (36 0f 118)

200 100 100 200
Count, IgG andlor IgM seropositivity

. 1gG positive . IgG & IgM positive - IgM positive . Negative

3.92°N -
No. of residents
aié
1
Seropositivi
BT N= P ty
. IgG positive
' IgM positive
IgG & IgM positive
Negative
3.90°N -
Region prevalence
Tsinga ! 0.40
3.89°N -
3.88°N -
3.87°N -
|-l
] ] ] ] ] ] ]
11.46°E 11.47°E 11.48°E 11.49°E 11.50°E 1151 11.52°E
Figure 1

Crude IgG and IgM seroprevalence: A. Euler diagram showing seropositivity of respondents by antibody
test. B. Seropositivity of respondents by antibody test and age-sex stratum. Percentage labels indicate the
proportion of each stratum that is IgG and/or IgM seropositive. C. Household and geographic variation in



seropositivity. Fill colour indicates the neighbourhood seroprevalence (IgG and/or IgM). Pie charts
indicate household size, household location and the proportion of the household that is seropositive. Pie
charts are dodged and jittered to avoid overlap and to preserve location anonymity. Five households are

not shown due to improperly-coded or missing coordinates.
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Risk factor analysis for IgG seropositivity n = 966. Based on logistic models with household random
intercepts. Asterisks indicate significance at a 0.05 alpha level. OR: Odds ratio. 41 individuals (4%) were
dropped due to missing covariables. Recent contact indicates contact since March 1st, 2020. A “COVID
case” is a confirmed or suspected COVID-19 case. Variables that were found to be not significant at a
0.30 alpha level, and which were not controlled for in the multivariable regression, include presence of
comorbidities, breadwinner status, adherence to social distancing rules, household neighbourhood and

presence of children in the household.
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COVID-compatible symptoms of survey participants. Participants reported any COVID-compatible acute
symptoms (all shown in panel C), which were experienced between March 1, 2020 and the date of survey.
A. Matrix plot showing the intersection of symptomaticity with IgG seropositivity. The area of each
rectangle is proportional to the number of respondents in the category. B. The ten most common
symptom profiles among IgG seropositive individuals. C. Comparison in frequency of symptoms between
IgG seropositive and seronegative individuals. [i- square: * p < 0.05
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