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Since the recognition of the first cases of COVID-19 
at the end of 2019 in Wuhan, China, SARS-CoV-2 

has spread rapidly across the globe. By late November 
2021, almost 260 million confirmed cases, including at 
least 5 million deaths, had been reported (1). Cases 
from Africa represent only 3.4% of those cases world-
wide (1,2), but serologic surveys demonstrate that the 

extent of SARS-CoV-2 spread in Africa is higher (3). 
After the first pandemic wave, overall seroprevalence 
in Africa was estimated at ≈22%, ranging from <1% 
to >70% depending on country and study popula-
tion (3). The few studies reporting data after the sec-
ond wave in Africa demonstrated a rapid increase to 
>50% seroprevalence (4–6). Underestimation of CO-
VID-19 cases was most likely caused by weak health-
care infrastructure, low or no access to diagnostic 
testing, and higher proportions of paucisymptomatic 
or asymptomatic disease related to younger popula-
tion or cross-reactive immunity from other coronavi-
rus infections. The overall objective of our study was 
to evaluate the effect of the second wave of COVID-19 
on SARS-COV-2 seroprevalence in the general popu-
lation of Yaoundé, the capital city of Cameroon.

The Study
We conducted 2 population-based seroprevalence 
surveys in Yaoundé during January 27–February 6, 
2021 (survey 1) and April 24–May 19, 2021 (survey 
2). We adapted the study design from the World 
Health Organization population-based age-stratified 
seroepidemiologic investigation protocol for COV-
ID-19 infection, version 2.0 (7). We randomly selected 
households in 6 of the 7 health districts in Yaoundé, 
with a probability of being selected proportional to 
the population number in each enumeration area 
(Appendix Figure 1, https://wwwnc.cdc.gov/EID/
article/28/6/21-2580-App1.pdf). In 50% of house-
holds, we invited all residents to participate; among 
the remaining 50%, we invited only residents >40 
years of age. We calculated sample size to estimate 
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We conducted 2 independent population-based SARS-
CoV-2 serosurveys in Yaoundé, Cameroon, during Janu-
ary 27–February 6 and April 24–May 19, 2021. Overall 
age-standardized SARS-CoV-2 IgG seroprevalence in-
creased from 18.6% in the first survey to 51.3% in the 
second (p<0.001). This finding illustrates high community 
transmission during the second wave of COVID-19.
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overall seroprevalence in Yaoundé. The samples 
were independent for the 2 surveys. All persons be-
longing to the selected household were eligible. We 
scheduled appointments for participants who were 
absent during the survey. We used individual ques-
tionnaires to collect sociodemographic data, medi-
cal history associated with COVID-19 symptoms (in 
the 4 months before the start of the survey), contact 
with COVID-19 patients, and previous SARS-CoV-2 
tests (recall period beginning in March 2020). We of-
fered PCR testing to all participants who were sus-
pected to be SARS-CoV-2–positive. We obtained 
written consent from all adults and written parental 
consent for participants <21 years of age (with chil-
dren’s assent when >10 years of age). The study was 
approved by the national ethics committee (approval 
no. 2020/10/1310/CE/CNERSH/SP).

We collected whole blood samples in EDTA tubes 
and as dried blood spot (DBS) samples for children 
and other participants who declined to provide ve-
nous blood. We eluted DBS samples and used 100 μL 
of diluted eluate, adjusted at a final plasma dilution 
of 1/200, as previously validated (Appendix Figure 
2), to test for SARS-CoV-2 antibodies with a previous-
ly developed, highly sensitive, and specific multiplex 
assay (Luminex Corporation, https://www.lumin-
excorp.com) using recombinant nucleocapsid (NC) 
and spike (SP) SARS-CoV-2 proteins (8). We consid-
ered samples positive when they reacted simultane-
ously with NC and S proteins but considered samples  

reacting with only 1 antigen indeterminate because of 
the difficulty discriminating between antibody decline 
or lower specificity of single-antigen reaction, especial-
ly with samples from populations in Africa (9,10). The 
test was previously evaluated on 1,197 samples from 
Africa before the COVID-19 pandemic, including 184 
from Cameroon, with 99.7% specificity (11).

We performed statistical analysis with Stata 16 
(StataCorp, https://www.stata.com). We age-stan-
dardized the overall seroprevalence estimate on the 
basis of available demographic data (12) and tested 
associations between positive serologic tests and key 
risk factors with multivariate logistic models and 
likelihood ratio tests. We used the Pearson χ2 test to 
compare categorical descriptive outcomes.

In the first survey, 786 (47.7%) of 1,647 eligible 
participants from 392 households were included. For 
722 persons, we obtained sufficient sample volume 
for antibody testing. To improve participation for 
the second survey, we strengthened community mo-
bilization, conducted surveys on the weekend, and 
scheduled appointments for absent participants. In 
the second survey, 1,234 (85.3%) of 1,447 eligible per-
sons from 424 households were included. Serologic 
data were available for 1,228 persons. Distribution 
of sex was comparable between the surveys; the pro-
portion of participants <20 years of age was higher 
but not significantly so in the second survey (Table 
1). Approximately 15% of participants reported a 
previous diagnostic SARS-CoV-2 PCR test; only 1.3% 

 
Table 1. Sociodemographic characteristics of participants in study of community SARS-CoV-2 seroprevalence during second wave of 
COVID-19 epidemic, by sex, Yaoundé, Cameroon, 2021* 

Characteristic 
Survey 1, January 27–February 6 

 
Survey 2, April 24–May 19 

Female Male Total Female Male Total 
Age group, y n = 786  n = 1,234 
 0–19 132 (28.3) 123 (37.7) 255 (32.2)  261 (36.3) 208 (40.8) 469 (38.0) 
 20–39 205 (44.7) 103 (31.8) 308 (39.3)  278 (38.6) 165 (32.1) 443 (35.9) 
 >40 124 (27.0) 99 (30.7) 223 (28.5)  181 (25.1) 141 (27.4) 322 (26.1) 
Marital status  n = 638  n = 1,216 
 Single 186 (48.1) 133 (54.0) 319 (50.0)  442 (62.4) 365 (71.9) 807 (66.4) 
 Married or living as a couple 158 (40.8) 109 (43.4) 267 (41.9)  216 (30.5) 132 (26.0) 348 (28.6) 
 Divorced or separated 37 (9.6) 3 (1.2) 40 (6.3)  43 (6.1) 10 (2.0) 53 (4.4) 
 Widower or widow 6 (1.6) 6 (2.4) 12 (1.9)  7 (1.0) 1 (0.0) 8 (1.0) 
Education  n = 681  n = 1,227 
 None 26 (6.4) 11 (4.0) 37 (5.4)  75 (10.5) 45 (8.8) 120 (9.8) 
 Primary school 81 (19.8) 52 (19.1) 133 (19.5)  197 (27.6) 137 (26.8) 334 (27.2) 
 Secondary school 213 (52.1) 131 (48.2) 344 (50.5)  323 (45.2) 203 (39.7) 526 (42.9) 
 University 89 (21.8) 78 (28.7) 167 (24.5)  120 (16.8) 127 (24.8) 247 (20.1) 
Profession n = 620  n = 1,192 
 Student 100 (26.6) 75 (30.7) 175 (28.2)  242 (34.9) 201 (40.4) 443 (37.2) 
 Sales or service 67 (17.8) 46 (18.9) 113 (18.2)  145 (20.9) 70 (14.1) 215 (18.0) 
 Women or men at home 102 (27.1) 0 (0.0) 102 (16.5)  126 (18.2) 4 (0.8) 130 (10.9) 
 Professional or manager 40 (10.6) 28 (11.5) 68 (11.0)  59 (8.5) 52 (10.4) 111 (9.3) 
 Construction 0 (0.0) 16 (6.6) 16 (2.6)  1 (0.0) 9 (1.8) 10 (0.8) 
 Unemployed 20 (5.3) 21 (8.6) 41 (6.6)  71 (10.2) 65 (13.1) 136 (11.4) 
 Other 47 (12.5) 58 (23.8) 105 (17.0)  50 (7.2) 97 (19.5) 147 (12.3) 
Total 461 (58.7) 325 (41.3) 786 (100.0)  720 (58.3) 514 (41.7) 1,234 (100.0) 
*Values are no. (%) participants.  
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(1/77) reported a positive test in the first survey and 
2.1% (4/194) in the second survey. In both surveys, a 
limited number of participants (3.3% in the first sur-
vey, 4.1% in the second) reported contact with a PCR-
confirmed SARS-CoV-2–positive person.

The overall age-standardized SARS-CoV-2 IgG 
seroprevalence against SP and NC proteins increased 
from 18.6% (95% CI 15.7%–21.7%) to 51.3% (95% CI 
48.3%–54.2%) (p<0.001) during the 3-month period 
between surveys (Table 2). In both surveys, serop-
revalence remained comparable between men and 
women (Table 2). Seroprevalence increased in all age 
categories and was significantly higher among per-
sons >20 years of age in both surveys (p = 0.002 for 
survey 1 and p<0.001 for survey 2). The proportion 
of persons with S protein antibodies only (29.1% vs. 
16.9%) was higher than those with NC antibodies 
only (5.8% vs. 5.2%) (Appendix Table 1). We deter-
mined population-level distributions of median fluo-
rescence intensity for each of the SARS-CoV-2 anti-
gens (Appendix Figure 3). We found no association 
between seropositivity and history of symptoms as-
sociated with COVID-19 or hospitalization in general 
before the survey (Appendix Table 2).

Conclusions
In these 2 consecutive population-based SARS-
CoV-2 seroprevalence studies, conducted just be-
fore the start of the second wave of COVID-19 (Jan-
uary–February 2021) and at its decreasing trend 
(April–May 2021) (Appendix Figure 4), we found 
extensive community transmission in Yaoundé, 
where seroprevalence reached up to 50%. By the 
end of November 2021, Cameroon reported only 

106,749 cases (2), but seroprevalence suggests that 
by early May 2021, 51% of the population of Yaoun-
dé had antibodies to SARS-CoV-2, corresponding 
to >2 million persons in the total population of 
Yaoundé (estimated to be ≈4.1 million). Choice of 
serologic tests is vital (9), and therefore we used 
strict criteria and considered seropositivity as pres-
ence of antibodies to 2 different SARS-CoV-2 an-
tigens (8,11). We cannot exclude that a proportion 
of the participants with antibodies against a single 
antigen also had a previous SARS-CoV-2 infection 
or were seroconverting (10).

The disparity in numbers of confirmed cases and 
persons estimated to have SARS-CoV-2 antibodies 
clearly demonstrates that COVID-19 infections were 
mainly paucisymptomatic or asymptomatic (1,2). 
We also observed no association between history of 
symptoms or hospitalization. Moreover, few persons 
reported contact with confirmed SARS-CoV-2–posi-
tive persons or had received a PCR test. Similar find-
ings were reported in other studies in Africa (4–6).

Overall, the results of the household SARS-CoV-2 
serosurveys during the second COVID-19 wave in 
Yaoundé, Cameroon, show a high seroprevalence 
and rapid spread in the general population similar to 
that observed in other countries in Africa (4–6,13). The 
country faced additional waves, and new population-
based studies to monitor the evolution of seropreva-
lences to the different antibodies against SARS-CoV-2 
epitopes will be vital. It can also not be excluded 
that antigens from the different SARS-CoV-2 vari-
ants have to be included in future assays, especially 
against highly divergent variants as illustrated by the 
emergence of the Omicron variant.

 
Table 2. Seroprevalence of SARS-COV-2 antibodies by age, sex, and medical history in 2 consecutive population-based surveys 
during second wave of COVID-19, Yaoundé, Cameroon, 2021* 

Characteristic 

Participants, survey 1, January 27–February 6 

 

Participants, survey 2, April 24–May 19 

Total no. 
No. 

positive 
% Positive  
(95% CI) p value Total no. 

No. 
positive 

% Positive  
(95% CI) p value 

Age group, y    0.002     <0.001 
 0–19 236 31  13.1 (9.3–18.3)   468 200  42.7 (38.3–47.3)  
 20–39 276 71  25.7 (20.8–31.4)   440 263  59.8 (55.0–64.4)  
 >40 210 48  22.9 (17.5–29.2)   320 201  62.8 (57.3–68.0)  
Sex    0.773     0.942 
 F 423 89  18.5 (14.8–22.9)   718 392  51.0 (47.1–54.8)  
 M 299 61  19.0 (14.8–24.1)   510 272  51.6 (47.0–56.1)  
No. symptoms    0.688     0.288 
 0 271 70  22.5 (17.8–28.0)   776 424  51.8 (48.1–55.5)  
 1–2 157 26  12.8 (7.5–21.0)   257 129  47.8 (41.6–54.0)  
 3–5 134 27  22.5 (13.5–35.2)   167 92  53.9 (45.6–61.9)  
 >5 68 17  18.4 (8.4–35.9)   28 19  57.5 (39.0–75.7)  
Hospitalization    0.150     0.487 
 Yes 28 6  10.7 (4.4–23.6)   12 8  51.0 (17.3–83.9)  
 No 329 64  18.0 (12.8–24.7)   445 229  50.1 (45.1–55.2)  
Total 722 150  18.6 (15.7–21.7)   1,228 664  51.3 (48.3–54.2)  
*Overall seroprevalence estimate was age-standardized, based on available demographic data (12). 
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Rapid Increase of Community SARS-CoV-2 Seroprevalence 
during Second Wave of COVID-19 Epidemic, Yaounde, 

Cameroon 
Appendix 

Appendix Table 1. Seroprevalence of SARS-COV-2 antibodies, including seropositive and indeterminate status, by age and gender in 2 consecutive population-based surveys at 3-
months’ interval in Yaounde, Cameroon, during second wave of COVID-19 in 2021*  

Characteristic 
No. 

participants 
Seropositive (IgG anti-SP+ and anti-NC+) Indeterminate (IgG anti-SP+ only) Indeterminate (IgG anti-NC+ only) 

No. (%) 95% CI p-value No. (%) 95% CI p-value No. (%) 95% CI p-value 
Survey 1 

 
         

Age group, y 
   

0.002 
  

0.565 
  

0.002 
 0–19 236 31 (13.1) 9.3–18.3 

 
73 (30.9) 25.2–37.3 

 
5 (2.1) 0.9–5.1 

 

 20–39 276 71 (25.7) 20.8–31.4 
 

74 (26.8) 21.8–32.5 
 

27 (9.8) 6.7–14.0 
 

 >40 210 48 (22.9) 17.5–29.2 
 

58 (27.6) 21.8–34.3 
 

21 (10.0) 6.5–15.0 
 

Gender 
   

0.773 
  

0.501 
  

0.559 
 F 423 89 (18.5) 14.8–22.9 

 
122 (30.5) 25.6–35.8 

 
29 (5.1) 3.4–7.5 

 

 M 299 61 (19.0) 14.8–24.1 
 

83 (27.5) 22.3–33.4 
 

24 (6.9) 4.5–10.3 
 

Total 722 150 (18.6) 15.7–21.7 
 

205 (29.1) 25.5–33.0 
 

53 (5.8) 4.3–7.6 
 

Survey 2 
          

Age group, y 
   

<0.001 
  

0.024 
  

0.029 
 0–19 468 200 (42.7) 38.3–47.3 

 
92 (19.7) 16.2–23.6 

 
16 (3.4) 2.1–5.6 

 

 20–39 440 263 (59.8) 55.0–64.4 
 

64 (14.6) 11.5–18.3 
 

32 (7.3) 5.1–10.2 
 

 >40 320 201 (62.8) 57.3–68.0 
 

41 (12.8) 9.5–17.0 
 

22 (6.9) 4.5–10.4 
 

Gender 
   

0.942 
  

0.715 
  

0.158 
 F 718 392 (51.0) 47.1–54.8 

 
116 (16.7) 14.0–19.9 

 
34 (4.3) 3.0–6.1 

 

 M 510 272 (51.6) 47.0–56.1 
 

81 (17.2) 14.0–21.1 
 

36 (6.4) 4.6–8.9 
 

Total 1228 664 (51.3) 48.3–54.2 
 

197 (16.9) 14.8–19.4 
 

70 (5.2) 4.1–6.6 
 

*Overall seroprevalence estimate was age-standardized based on available demographic data (1). NC, nucleocapsid; SP, spike protein.  

https://doi.org/10.3201/eid2806.212580
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Appendix Table 2. Association between antibodies to SARS-CoV-2 and risk factors: multivariate logistic model, Yaounde, 
Cameroon, 2021* 

Characteristic 
Survey 1 (n = 722) Survey 2 (n = 1228) 

aOR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 
Age group, y       
 0–19 1 (ref)  1 (ref)  1 (ref)  
 20–39 2.29 (1.42–3.69) 0.001 1.99 (1.52–2.61) <0.0001 1.57 (1.11–2.24) 0.013 
 >40 1.96 (1.17–3.27) 0.011 2.26 (1.68–3.04) <0.0001 1.52 (1.00–2.31) 0.049 
Gender       
 M 1 (ref)  1 (ref)    
 F 1.04 (0.71–1.52) 0.836 1.05 (0.83–1.32) 0.663   
No. symptoms       
 0 1 (ref)  1 (ref)    
 1 to 2 0.57 (0.34–0.95) 0.031 0.84 (0.63–1.12) 0.222   
 3 to 5 0.72 (0.43–1.22) 0.218 1.02 (0.72–1.43) 0.915   
 >5 0.96 (0.51–1.78) 0.888 1.75 (0.77–4.01) 0.179   
Hospitalization       
 No 1 (ref)  1 (ref)  1 (ref)  
 Yes 1.13 (0.43–2.99) 0.802 1.80 (0.52–6.27) 0.347   
*aOR, adjusted odds ratio; OR, odds ratio.  
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Appendix Figure 1. Map showing the locations in the different districts of Yaounde, where participants 

were recruited for the first (blue) and second (red) survey. Samples from the first and second survey were 

independently selected. 
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Appendix Figure 2. Correlation between MFI values from 150 paired plasma and DBS samples. Whole 

blood samples were collected on EDTA tubes and as DBS. Plasma was reconstituted from one DBS spot 

(50μl) in 1mL of incubation buffer, consisting of PBS containing 0.75 mol/L NaCl, 1%(wt/vol) BSA, 5% 

(vol/vol) fetal bovine serum, and 0.2% (vol/vol) Tween-20. 100 μl of diluted eluate, adjusted at a final 

plasma dilution of 1/200 (by taking into account hematocrit estimated at 50%), was used to test for the 

presence of antibodies to recombinant nucleocapsid (NC) and spike (SP) SARS-CoV-2 proteins on a 

Luminex platform. For each sample, Log-transformed MFI were plotted for NC and SP antigens obtained 

on plasma and DBS. Spearman correlation coefficient was determined and showed a high correlation 

between plasma and DBS on both antigens, NC and SP. Similar results were obtained on other antigens 

(including arboviruses and Zaire Ebolavirus, not shown). BSA, bovine serum albumin; DBS, dried blood 

spot; MFI, median fluorescence intensity; PBS, phosphate-buffered saline. 
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Appendix Figure 3. Distributions of MFIs for NC and SP antigens of SARS-CoV-2 for survey 1 and 

survey 2. MFIs for NC are highlighted in blue, the red horizontal bar corresponds to the cutoff. MFIs for 

SP are highlighted in red, the blue horizontal bar corresponds to the cutoff. MFI, median fluorescence 

intensity; NC, nucleocapsid; SP, spike. 
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Appendix Figure 4. The graph shows the weekly reported new cases since February 2020, based on 

numbers reported by the World Health Organization (https://covid19.who.int/region/afro/country/cm). The 

transparent blue boxes and arrows indicate the time period when the 2 population-based surveys were 

conducted in Yaounde, Cameroon.  

 

 


