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a b s t r a c t 

Background: In Yemen, initial surveillance of coronavirus disease 2019 (COVID-19) focused primarily on 

patients with symptoms or severe disease. The full spectrum of the disease remains unclear. To the best 

of the authors’ knowledge, this is the first seroprevalence study performed in Yemen. 

Methods: This cross-sectional investigation included 2001 participants from all age groups from four 

districts in Aden, southern Yemen. A multi-stage sampling method was used. Data were collected using 

a well-structured questionnaire, and blood samples were taken. Healgen COVID-19 IgG/IgM Rapid Diag- 

nostic Test (RDT) Cassettes were used in all participants. All positive RDTs and 14% of negative RDTs 

underwent enzyme-linked immunosorbent assay (ELISA) testing (WANTAI SARS-CoV-2 Ab ELISA Kit) for 

confirmation. 

Results: In total, 549 of 2001 participants were RDT positive and confirmed by ELISA, giving a prevalence 

of COVID-19 of 27.4%. The prevalence of immunoglobulin G was 25%. The prevalence of asymptomatic 

COVID-19 in the entire study group was 7.9%. The highest prevalence was observed in Al-Mansurah dis- 

trict (33.4%). Regarding sociodemographic factors, the prevalence of COVID-19 was significantly higher 

among females, housewives and subjects with a history of contact with a COVID-19 patient: 32%, 31% 

and 39%, respectively. 

Conclusion: This study found high prevalence of COVID-19 in the study population. Household transmis- 

sion was common. 

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Coronavirus disease 2019 (COVID-19) spread rapidly around the 

orld after the first case was reported in Wuhan, China in De- 

ember 2019. In Yemen, as in other resource- limited countries 

e.g. countries in Africa) ( Nkengasong and Mankoula, 2020 ), the 

pidemiology of COVID 19 is uncertain due to weak healthcare 

ystems; inadequate surveillance and laboratory capacity; scarcity 
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f public health resources; and limited financial means, treatment 

nd vaccines. It has been reported elsewhere that uncertainty and 

nderestimation of the true number of cases may be due to insuf- 

cient testing ( Gupta et al., 2020 ). 

Initial surveillance focused primarily on patients with symp- 

oms or severe disease. The full spectrum of COVID-19, includ- 

ng the proportion of mild or asymptomatic cases that do not re- 

uire medical attention, remains unclear ( World Health Organiza- 

ion, 2020a ). 

As the great majority of cases of COVID-19 in Yemen have been 

eported from hospital-based surveillance, estimates of the case fa- 

ality rate and other epidemiological parameters are likely to be 
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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ower than reality. Once the full spectrum of cases of COVID-19 

re included in the denominator (i.e. inclusion of asymptomatic or 

ild cases), estimates are likely be be more accurate. It has been 

eported elsewhere that measuring case fatality rates and project- 

ng the number of deaths depends on the estimated total number 

f infections ( Li et al., 2020 ; Onder et al., 2020 ; Spychalski et al.,

020 ; Wu et al., 2020 ), but in the absence of seroprevalence sur-

eys, this is estimated by multiplying the number of cases by cer- 

ain factors. However, the magnitude of these factors is highly un- 

ertain. 

Up to 22 November 2020 (1 week before this survey was con- 

ucted), there had been 2073 confirmed cases of COVID-19 and 

05 related deaths in Yemen (case fatality rate 29%) ( World Health 

rganization, 2020b ), with presumed community transmission oc- 

urring in large cities such as Aden, particularly in May 2020. To 

he authors’ knowledge, no previous seroprevalence studies have 

een undertaken in Yemen to inform epidemic parameters. As 

uch, this study aimed to measure the seroprevalence of antibodies 

o severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 

n a community sample from Aden, and more specifically to mea- 

ure the seroprevalence of antibodies to SARS-CoV-2 in the gen- 

ral population by sex and age group, in order to ascertain cu- 

ulative population immunity and to estimate the proportion of 

symptomatic cases. 

ethods 

tudy design and participants 

The methodology was developed according to the World Health 

rganization protocol for population-level SARS-CoV-2 antibody 

esting. This cross-sectional, community-based study was con- 

ucted in November–December 2020. The sample size was calcu- 

ated to be a total of 20 0 0 participants from all age groups. Multi-

tage sampling was used. The study was undertaken in Aden gov- 

rnorate in southern Yemen (population 997,308). Specifically, four 

f the eight districts in Aden were selected at random (two from 

igh-incidence districts and two from low-incidence districts), and 

wo locations (zones) were selected at random from each district. 

n each location, one direction was selected at random from the 

entral point, and all the houses in this direction were selected. 

n each house, one male and one female were selected at random 

rom all household members to be in the sample. 

ata collection 

Data were collected using a well-structured questionnaire cov- 

ring demographic and clinical variables. The questionnaire was 

igitized using KOBO toolbox application with data validation 

ules, skip logic and quality control measures integrated to mini- 

ize data entry errors. The forms were deployed through mobile 

hones. This allowed for efficient data collection with real-time 

ata transmission directly from the field. The electronic question- 

aire for each household was assigned a unique ID that was later 

sed to match the respondent field records of rapid diagnostic test 

RDT) results, and the confirmatory enzyme-linked immunosorbent 

ssay (ELISA) results from the laboratory. Both laboratory results 

nd field records were transmitted electronically using KOBO tool- 

ox to facilitate analysis. 

aboratory methods 

A serum sample was collected from each participant, and 

creened in the field for the presence of SARS-CoV-2 antibodies by 

rained laboratory staff using RDT. For each biological sample col- 

ected, time of collection, conditions for transportation and time 
240 
f arrival at the central public health laboratory (CPHL) in Aden 

ere recorded. Specimens reached the laboratory within 2–3 h of 

ollection. Serum was separated from whole blood and shipped at 

 °C, or frozen to -20 °C or lower (-80 °C) and shipped on dry ice.

f the specimens were not likely to reach the laboratory within 72 

, specimens were frozen, preferably at -80 °C, and shipped on dry 

ce. 

The RDT (USA) used in this study was the Healgen COVID-19 

gG/IgM Cassette, and WANTAI SARS-CoV-2 Ab ELISA (China) was 

sed for confirmatory testing; this ELISA is highly specific and sen- 

itive. All patients with positive RDT results underwent confirma- 

ory ELISA testing, and 14% of patients with negative RDT results 

lso underwent ELISA testing. 

tatistical analysis 

Data were entered in Excel (Microsoft Corp., Redmond, WA, 

SA), and then imported into EpiData (Denmark), SPSS Version 23 

IBM Corp., Armonk, NY, USA) and STATA 16 (StataCorp., College 

tation, TX, USA) for descriptive and inferential statistical analy- 

is. Confidence intervals (CI) and odds ratios were used to test dif- 

erences in prevalence rates. Student’s t -test and Chi-squared test 

ere used, as appropriate. Multi-variate analysis was used to as- 

ess the impact of social and risk factors for COVID-19. A signifi- 

ance level of 0.05 was used. 

thical approval 

Ethical approval was obtained from the Research Ethics Com- 

ittee (REC) of the Faculty of Medicine of Aden University (REC- 

8-2020, 20 August 2020). The REC approved the research proposal 

nd found it to be compliant with the International Conference of 

armonization. 

esults 

escription of the participants 

The research team visited 1138 houses; generally, one or two 

ndividuals were included from each household, although three or 

our individuals were included from 218 households (19%). In total, 

006 questionnaires were returned from the field survey; however, 

ve of these questionnaires were duplicates and were excluded 

rom the analysis. As such, the data for 2001 subjects were in- 

luded in this analysis. The study population included subjects of 

oth genders and all age groups from four of the eight districts of 

den. The mean age of participants was 33.8 years (standard devi- 

tion 17.1), the median age was 31 years (interquartile range 25), 

nd the age range was 1 month to 90 years. Figure 1 a shows the

opulation pyramid of the study population. The number of chil- 

ren aged < 5 years and 5–15 years in the study group was not 

epresentative of the sizes of these age groups in the population 

f Aden. Inclusion of children in research is of high ethical concern 

hich limits obtaining representative numbers from this group. 

DT validation and final sample included in the analysis 

RDTs were performed in the field to detect SARS-CoV-2 anti- 

odies. In total, 610 subjects had positive RDT results. All RDT- 

ositive samples and 14% of the RDT-negative samples were sent to 

PHL for validation by ELISA. In total, 549 samples were confirmed 

o be true-positive cases by ELISA. Table 1 shows the prevalence of 

OVID-19 by district, and compared this with prevalence by RDT. 

he prevalence of SARS-CoV-2 antibodies based on RDT and con- 

rmed by ELISA was 27.4% (95% CI 25.6–29.3%). Distribution of the 

nal sample selected for analysis (549 subjects) by age and sex is 

resented in Figure 1 b. 
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Figure 1. (A) Population pyramid of study group ( n = 2001). (B) Distribution of positive enzyme-linked immunosorbent assay and rapid diagnostic test results by age and sex 

( n = 549). 

Table 1 

Prevalence of severe acute respiratory syndrome coronavirus-2 antibodies in Aden based on rapid diagnostic 

testing (RDT) and confirmed by enzyme-linked immunosorbent assay (ELISA). 

Total RDT RDT positive RDT and ELISA positive (as verified by ELISA) 

n % n % 

Al Mansura 500 183 37% 165 33% 

Craiter 498 152 31% 139 27.7% 

Dar Sad 502 160 32% 142 28.3% 

Khur Maksar 501 115 23% 103 20.7% 

Total 2001 610 30% (22.2–40.1%) 549 27.4% (25.6–29.3%) 

Table 2 

Seroprevalence of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) antibodies, Aden, December 2020. 

Participants with SARS-CoV-2-positive test Prevalence point estimate (%) 95% CI 

IgG 500 25% 23.2–26.9% 

IgM 4 0.2% 0.1–0.4% 

Both IgG + IgM 45 2.3% 1.7–2.9% 

Total 549 27.4% 25.6–29.3% 

Ig, immunoglobulin; CI, confidence interval. 
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Table 3 

Proportion of asymptomatic cases among all severe acute respiratory 

syndrome coronavirus-2-positive subjects. 

RDT-positive subjects Proportion 95% CI 

Symptomatic 392 71.4% 67.4–75% 

Asymptomatic 157 28.6% 25–32.1% 

Total 549 100% 

RDT, rapid diagnostic test; CI, confidence interval. 
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revalence of SARS-CoV-2 IgG antibodies 

The prevalence rates of different antibodies using RDT and 

LISA are presented in Table 2 . The prevalence of IgG was 25% (95%

I 23.2–26.9%), whereas the prevalence of IgM was just 0.2% (95% 

I 0.1–0.4%). 

revalence of asymptomatic COVID-19 

The prevalence of asymptomatic COVID-19 among the study 

roup in Aden was 7.8% (157/2001). The proportion of symptomatic 

ases among the RDT-positive subjects in this survey was 71.4% (re- 

orted at least one symptom related to COVID-19), and the remain- 

ng 28.6% of RDT-positive subjects were asymptomatic ( Table 3 ). 

eroprevalence of SARS-CoV-2 infection by sociodemographic 

haracteristics and risk factors 

The prevalence of SARS-CoV-2 antibodies was 27.5% (95% CI 

5.6–29.3%). Although the highest prevalence rates were seen 

mong subjects aged 15–29 years (28.2%) and 45–64 years (28.1%), 
241 
his was not significantly different compared with other age 

roups. Unfortunately, the prevalence of COVID-19 was found to be 

igh among children aged < 5 years (23%). Regarding gender, the 

revalence of COVID-19 in females (32%) was significantly higher 

ompared with males (23%) (95% CI 1.28–1.91). The highest preva- 

ence was observed in Al-Mansurah district (33%), followed by 

ar-Saad district (28.3%) and Sera district (27.7%). Khour-Maksar 

istrict had lower prevalence compared with the other districts 

20.7%), and this difference was significant. Regarding occupation, 

he highest prevalence of COVID-19 was observed among health 

orkers (31.6%), housewives (31%), students (29.7%), and school 
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Table 4 

Seroprevalence of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) antibodies 

among participants in Aden by sociodemographic characteristics and risk factors, December 

2020. 

Age group (years) 

< 5 3 10 13 23% 1 Reference group 

5–14 61 191 252 24.2% 1.05 0.28–3.99 

15–29 176 448 624 28.2% 1.22 0.35–4.81 

30–44 155 398 553 28% 1.21 0.35–4.87 

45–64 126 322 448 28.1% 1.22 0.35–4.81 

≥65 28 83 111 25.2% 1.09 0.28–4.37 

Sex 

Female 309 655 964 32% 1.39 1.28–

1.91 a Male 240 797 1037 23% 

District 

Khourmaksar 104 397 501 20.7% 1 Reference group 

Sera (Creater) 138 360 498 27.7% 1.33 1.09–1.95 

Al-Mansurah 165 335 500 33% 1.59 1.41–2.50 

Dar-Saad 142 360 502 28.3% 1.36 1.12–2.01 

Nationality 

Yemeni 548 1450 1998 274% 0.82 0.12–

14.6 Non-Yemeni 1 2 3 33.3% 

Occupation b 

Unemployed 92 273 365 25.2% 1 Reference group 

Armed forces 38 118 156 24.3% 0.96 0.61–1.47 

Health worker 19 41 60 31.6% 1.25 0.75–2.48 

School teacher/academic 13 33 46 28.2% 1.12 0.58–2.31 

Other workers 66 231 297 22.2% 0.91 0.59–1.2 

Retired 14 59 73 19% 0.78 0.37–1.32 

Housewife 213 472 685 31% 1.96 1.1-1.7 a 

student 91 215 306 29.7% 1.22 0.88–1.74 

History of contact with a COVID-19 patient 

Yes 104 160 264 39% 1.56 1.44–

2.47 a No 445 1292 1737 25% 

COVID-19, coronavirus disease 2019. 
a Significant difference. 
b Thirteen children aged < 5 years were excluded from the occupation analysis, so the num- 

ber of participants with a SARS-CoV-2-positive test was 546 and the total number of partic- 

ipants with a SARS-CoV-2-negative test was 1442. The total number of participants for the 

occupation analysis was 1988. 

Table 5 

Results of multi-variate analysis of the role of sociodemographic fac- 

tors in coronavirus disease 2019 (COVID-19). 

Chi-squared P -value 

Age group 3.760 0.584 

Sex 9.449 0.002 a 

District 16.165 0.003 a 

Nationality 0.084 0.772 

Occupation 8.644 0.279 

Contact with patient with COVID-19 14.228 0.000 a 

a Significant, P < 0.05. 
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eachers/academics (28%). In comparison with prevalence among 

nemployed subjects (25.2%), only prevalence among housewives 

as found to be significantly higher (31%, 95% CI 1.1–1.7). A his- 

ory of contact with a COVID-19 patient was significantly associ- 

ted with SARS-CoV-2 positivity – 39% of SARS-CoV-2-positive sub- 

ects had a history of contact with a COVID-19 patient, and 25% 

f SARS-CoV-2-positive subjects had no history of contact with a 

OVID-19 patient; this difference was significant (95% CI 1.44–2.47) 

 Table 4 ). On multi-variate analysis, sex, district and history of con- 

act with a COVID-19 patient were found to be significantly associ- 

ted with SARS-CoV-2 infection ( Table 5 ). 

iscussion 

Serological evidence of SARS-COV-2 antibodies can be a better 

stimation of the actual number of infected patients. Seropreva- 

ence is measured as the number of people in the study population 

ith antibodies against a certain agent (in this case, SARS-CoV-2) 
242 
t one time, as measured by serological tests. Therefore, serologi- 

al recognition of specific antibodies against SARS-CoV-2 can better 

stimate the number of infections ( Zaidi et al., 2021 ). 

Seroprevalence rates for anti-SARS-CoV-2 antibodies in differ- 

nt parts of world have shown disparity. The rate is low in the 

eveloped world, with reports of 5% in Spain ( Pollán et al., 2020 )

nd 6.9% in the USA ( Havers et al., 2020 ). In a recent systematic

eview, SARS-CoV-2 seroprevalence in the general population var- 

ed from 0.37% to 22.1%, with a pooled estimate of 3.38% (95% CI 

.05–3.72%; 15,879/399,265); at regional level, seroprevalence var- 

ed from 1.45% (95% CI 0.95–1.94%) in South America to 5.27% (95% 

I 3.97–6.57%) in Northern Europe ( Rostami et al., 2021 ). 

This study found that SARS-CoV-2 antibodies were present 

mong 27.4% of the study population in Aden. Although these 

esults are in contrast with findings from Western populations, 

hey are consistent with population studies in developing coun- 

ries [22% for Iran and 22–33% for India ( Bhattacharyya et al., 2020; 

ostami et al., 2021; Shakiba et al., 2020 ), and 34% for Pakistan 

 Zaidi et al., 2021 )]; this high prevalence rate may be explained by 

he lack of public health measures in Aden. 

In terms of specific antibodies, the prevalence of IgG was 25% in 

his study, which was more than the reported prevalence in Brazil 

8.3%) ( Borges et al., 2020 ) and Italy (4.5%) ( Alessi et al., 2020 ). 

Methodological differences may explain the high prevalence of 

ARS-CoV-2 antibodies in Aden, as most other published studies 

ave targeted either specific groups or specific locations, such as 

symptomatic individuals at markets in the study from Brazil. In 

he present study, a house-to-house survey was used to target a 

road group of people, and the research team had no background 

nformation about cases of infection or disease history. It is difficult 
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o eliminate selection bias in fieldwork, so this may have overesti- 

ated the seroprevalence rate. The major disadvantage is that re- 

ulting estimates will often not reflect the true seroprevalence rate 

n the underlying population due to selection bias ( Shook-Sa et al., 

020 ). The prevalence of asymptomatic cases of COVID-19 in this 

tudy (8.5%) was consistent with prevalence rates reported in the 

tudies mentioned above. 

The level of SARS-CoV-2 antibodies in the study population may 

ot reflect the level of herd immunity. No vaccines were avail- 

ble in Yemen at the time of this survey and the level of sus- 

eptibility remained high. The point at which the proportion of 

usceptible individuals falls below the threshold needed for trans- 

ission is known as the ‘herd immunity threshold’ ( Anderson and 

ay, 1985 ). Above the herd immunity threshold, those who re- 

ain susceptible may benefit indirectly from infection. ( Zaidi et al., 

021 ) concluded in their study in Pakistan that the seroprevalence 

f SARS-CoV-2 antibodies was 36%, which was below the herd 

mmunity threshold (at least 60–70% in the general population). 

oreover, it is not known if previous infection with SARS-CoV-2 in 

den provides protection against new variants. 

The prevalence of SARS-CoV-2 antibodies was high in all age 

roups in this study, and increased from children to adolescents 

nd adults. The same conclusions were reported in the USA. SARS- 

oV-2 seroprevalence was lower in older adults compared with 

ounger adults across nearly all jurisdictions ( Anand et al., 2020 ; 

tringhini et al., 2020 ). With endemic coronaviruses, seropreva- 

ence typically increases through childhood into early adulthood 

 Huang et al., 2020 ), and a few studies of SARS-CoV-2 have shown

eroprevalence to be lower in children and adolescents (age < 18 

ears) compared with young adults ( Pollán et al., 2020 ). 

Regarding sex, seroprevalence of SARS-CoV-2 antibodies was 

ound to be higher in females than males in this study. This could 

uggest greater risk of household transmission. In a seroprevalence 

tudy in the USA, ( Bajema et al., 2021 ) found no consistent dif-

erences between men and women. Seroprevalence was higher in 

omen in some states, but higher in men in other states. High 

ousehold transmission was observed in this study, as high preva- 

ence rates were reported in housewives and many subjects with 

ARS-CoV-2 antibodies had been in contact with a COVID-19 pa- 

ient. SARS-CoV-2 is more transmissible in households ( Jing et al., 

020 ); household contacts and those travelling with a case were at 

igher risk of infection ( Bi et al., 2020 ). Cheng et al. (2020) con-

luded in their study in Taiwan that the attack rate was higher 

mong family contacts. 

In this study, approximately 72% of RDT-positive cases had at 

east one symptom related to COVID-19. A systematic review by 

uitrago-Garcia et al. (2020) of 79 studies in a range of different 

ettings found that 20% (95% CI 17–25%) of subjects with SARS- 

oV-2 infection remained asymptomatic during follow-up; and 

n seven studies of defined populations screened for SARS-CoV- 

 and then followed, 31% (95% CI 26–37%) of subjects remained 

symptomatic. These findings are consistent with the present 

esults. 

imitations 

While all RDT-positive samples ( n = 549) were tested by ELISA in 

his study, only 14% of RDT-negative samples were tested by ELISA. 

ubjects who were RDT positive and ELISA negative were excluded 

rom the analysis. In addition, subjects who were ELISA positive 

nd RDT negative were excluded from the analysis, so this method 

ay have underestimated the true prevalence rate. Another limi- 

ation of this study is that measurements were only taken from a 

mall random population in Aden. In future studies, it is important 

o test all subjects with ELISA and to increase the sample size. 
243 
onclusions 

Although high prevalence of SARS-CoV-2 antibodies was re- 

orted, this does not suggest herd immunity as > 70% of all partic- 

pants were still susceptible. As another wave of COVID-19 is an- 

icipated in Yemen, there is a need to increase population immu- 

ity by introducing COVID-19 vaccines. Females, housewives and 

ubjects with a history of contact with a COVID-19 patient were 

mong the highest infected groups in the study sample. As well 

s the household setting, health and education settings are sites of 

ossible exposure due to lack of social distancing. 
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