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a b s t r a c t 

Objectives: After South Africa’s second wave of COVID-19, this study estimated the SARS-CoV-2 sero- 

prevalence among pregnant women in inner-city Johannesburg, South Africa. 

Methods: In this cross-sectional survey, 500 pregnant women who were non-COVID-19-vaccinated (aged 

≥12 years) were enrolled, and demographic and clinical data were collected. Serum samples were tested 

using the Wantai SARS-CoV-2 spike antibody enzyme-linked immunosorbent assay and Roche Elecsys®

anti-SARS-CoV-2 nucleocapsid antibody assays. Seropositivity was defined as SARS-CoV-2 antibodies on 

either (primary) or both (secondary) assays. Univariate Poisson regression assessed risk factors associated 

with seropositivity. 

Results: The median age was 27.4 years, and HIV prevalence was 26.7%. SARS-CoV-2 seroprevalence was 

64.0% (95% confidence interval [CI]: 59.6-68.2%) on the primary and 54% (95% CI: 49.5-58.4%) on the 

secondary measure. Most (96.6%) women who were SARS-CoV-2-seropositive reported no symptoms. On 

the Roche assay, we detected lower seroprevalence among women living with HIV than women without 

HIV (48.9% vs 61.7%, P -value = 0.018), and especially low levels among women living with HIV with a 

clusters of differentiation 4 < 350 cells/ml compared with women without immune suppression (22.2% vs 

56.4%, prevalence rate ratio = 0.4; 95% CI: 0.2-0.9; P -value = 0.046). 

Conclusion: Pregnant women attending routine antenatal care had a high SARS-CoV-2 seroprevalence 

after the second wave in South Africa, and most had asymptomatic infections. Seroprevalence surveys in 

pregnant women present a feasible method of monitoring the course of the pandemic over time. 

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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In South Africa, by the end of the second COVID-19 wave 

n early February 2021, which driven largely by the Beta vari- 
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nt (501Y.V2), almost 1.5 million COVID-19 cases and 47,0 0 0 

eaths were recorded ( National Institute for Communicable Dis- 

ases [NICD], 2021 ). By the end of September 2021, as South Africa 

xited the third wave, which was dominated by the Delta variant, 

ust over 2.9 million diagnosed cases and more than 87,0 0 0 COVID- 

9-related deaths were reported ( NDoH, 2021 ). Of these, more than 

ne-third of cases and a quarter of deaths were from the Gaut- 

ng Province, the most densely populated province in South Africa, 
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ith the City of Johannesburg accounting for almost one-third of 

iagnosed cases ( NDoH, 2021 , NICD, 2021 ). However, there remain 

ajor gaps in knowledge about the epidemiological parameters of 

ARS-CoV-2 in South Africa, and case ascertainment through re- 

erse transcription-polymerase chain reaction (RT-PCR)-based case 

dentification may substantially underestimate the extent of infec- 

ions. Once-off and serial seroprevalence studies may address this 

ap because they may be a more accurate indicator of population- 

evel attack rate than diagnostic testing and could contribute to 

ore accurate estimates of population immunity acquired by nat- 

ral infection or through vaccination. 

Sentinel surveillance of infectious diseases among pregnant 

omen has previously been used as an indicator of disease bur- 

en at a population level ( Fairlie et al. , 2020 ). Repeated serosur-

eys among pregnant women are used extensively to track the 

IV epidemic in sub-Saharan Africa and elsewhere and to de- 

ive population-based HIV prevalence estimates ( Eaton et al. , 2014 ; 

BD 2016 Mortality Collaborators, 2017 ; Sangal et al. , 2018 ). Sen- 

inel serosurveillance among pregnant women could potentially 

erve as a proxy for the SARS-CoV-2 disease burden in the broader 

ommunity ( Fairlie et al. , 2020 ). Findings could be characterized 

y HIV status, age, and other potential risk factors for infection. 

urveys of pregnant women offer advantages over other meth- 

ds, such as household surveys, which are logistically challenging, 

ostly, often have high refusal rates, may have a low yield, and 

re unable to give local estimates unless sample sizes are consider- 

ble ( Gutreuter et al. , 2019 ; Kirakoya-Samadoulougou et al. , 2016 ;

arsh et al. , 2011 ). Between the second and third waves of the

OVID-19 pandemic in South Africa, this study aimed to estimate 

he SARS-CoV-2 seroprevalence among pregnant women in urban 

ntenatal clinics in inner-city Johannesburg, Gauteng, by conduct- 

ng a cross-sectional serological survey. As a secondary objective, 

e also evaluated the performance of the Wantai SARS-CoV-2 anti- 

ody enzyme-linked immunosorbent assay (ELISA) compared with 

he Roche Elecsys® anti-SARS-CoV-2 assay for antibody detection. 

ethods 

tudy setting 

This cross-sectional seroprevalence survey was conducted in 

illbrow, a densely populated inner-city neighborhood of Johan- 

esburg characterized by overcrowded high-rise buildings, large 

umbers of both documented and undocumented migrants, high 

evels of unemployment, high prevalence of tuberculosis, and dis- 

ases linked to poor water quality and sanitation ( Frith, 2011 ; 

ees et al. , 2017 ). The HIV prevalence among pregnant women 

s estimated at just over 30% in the City of Johannesburg 

 Woldesenbet et al ., 2020 ). Two antenatal care facilities based in 

he inner-city of Johannesburg were included in the study: Shan- 

ukani Midwife Obstetric Unit and Esselen Street Clinic. These clin- 

cs are about 500 meters apart and provide antenatal services to 

he same community, majority of whom reside in the Hillbrow 

rea. 

articipants 

Pregnant women attending antenatal care aged ≥12 years were 

ligible for inclusion in the study if they had no acute illness and 

ad not previously participated in a COVID-19 vaccine trial. The 

eld staff approached women individually in the order that they 

rrived at the clinic to assess each woman’s willingness and eli- 

ibility to participate in the study. Women who refused participa- 

ion were replaced by the next woman who came to the clinic. 

illing and eligible women completed written informed consent 
242 
rocedures and were enrolled over a 12-week period from March 

7 to June 9, 2021, until the target sample size was achieved. 

ata sources 

Participants completed a brief interviewer-administered ques- 

ionnaire covering basic demographic and health characteristics, a 

OVID-19 symptom screen, and a history of SARS-CoV-2 infection. 

ny suspected cases of COVID-19 were referred for SARS-CoV-2 

esting, according to Department of Health guidelines. Participants 

ere also asked whether they had received a vaccine for COVID- 

9 and to provide details of such vaccination. In South Africa, only 

ealth care workers were offered vaccinations from February 17, 

021. Subsequently, vaccinations were introduced to the general 

opulation using an age-based phased approach, starting with per- 

ons over the age of 60 years on May 17, 2021. 

Data on HIV and syphilis status, parity, gravidity, gestational 

ge, and suburb of residence, collected as part of standard of care, 

ere extracted directly from the patient-held antenatal clinic card. 

IV viral loads and clusters of differentiation (CD4 + ) T cell counts 

or women living with HIV (WLHIV) were extracted from the Na- 

ional Health Laboratory Service LabTrak platform. A viral load 

f ≥100 copies/ml was categorized as elevated, whereas a CD4 + 

 cell count of < 350 counts/ml was categorized as immunosup- 

ressed. 

Serum samples were collected and sent to the NICD for test- 

ng. Samples were tested in parallel using two different ELISAs to 

ncrease the positive predictive value, given the expected preva- 

ence of this virus at the time of conducting the study ( Amanat 

t al. , 2020 ), namely, the Wantai SARS-CoV-2 Ab ELISA (Beijing 

antai Biological Pharmacy Enterprise Co. Ltd, Beijing, China) and 

he Roche Elecsys® anti-SARS-CoV-2 (Roche Diagnostics, Rotkreuz, 

witzerland) serology test kit. The former measures total anti- 

odies (immunoglobulin [Ig]M, IgG, and IgA) against the recep- 

or binding domain in the S1 subunit of the spike protein (anti-S) 

 FDA, 2020 ). The latter, however, detects total antibodies (IgM, IgG, 

nd IgA) against SARS-CoV-2 using a recombinant nucleocapsid (N) 

rotein (anti-N) ( Roche, 2020 ). 

ample size 

The sample size was calculated for a 95% confidence interval 

CI) and an estimated 30% SARS-CoV-2 seropositivity rate. The 95% 

I for a sample of 500 women under these assumptions was 26- 

4%. 

tatistical analysis 

Descriptive statistics were used to characterize the study popu- 

ation. For continuous data with a non-normal distribution, medi- 

ns and interquartile ranges (IQRs) were computed. For categorical 

ata, proportions with 95% CIs were computed, and the differences 

etween groups were evaluated using either a chi-squared test or 

revalence rate ratios with associated 95% CI. SARS-CoV-2 seropos- 

tivity was determined in two ways: (i) detection of SARS-CoV-2 

ntibodies on either Wantai or Roche Elecsys assay (primary mea- 

ure), or (ii) detection of SARS-CoV-2 antibodies on both Wantai 

nd Roche Elecsys assays (secondary measure). The proportion of 

omen with SARS-CoV-2 antibody detection (as described previ- 

usly) and associated 95% CI were computed, stratified by HIV and 

mmune status. As a secondary objective of this study, the Roche 

lecsys assay was used as the reference to calculate the sensitivity, 

pecificity, positive predictive value, and negative predictive value 

ith associated 95% CI for the Wantai assay. Although both as- 

ays have previously shown good performance regarding sensitiv- 

ty, the Roche Elecsys anti-N assay showed a higher specificity and 



S. Sawry, J. Le Roux, N. Wolter et al. International Journal of Infectious Diseases 125 (2022) 241–249 

Figure 1. Flow diagram of the number of pregnant women screened, eligible and included in the study. 
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ntraclass correlation coefficient, and thereby, less variability than 

he Wantai assay in an evaluation of commercially available high- 

hroughput SARS-CoV-2 serologic assays ( Stone et al. , 2022 ). In ad- 

ition, the Roche Elecsys assay has shown better performance in 

nother South African study, where the Roche assay did not detect 

ntibodies in 3% of samples tested, whereas the Wantai assay did 

ot detect antibodies in 9% ( Wolter et al. , 2022 ). 

A Cohen κ for inter-rater agreement between the two assays 

as computed ( Byrt, 1996 ). The epidemic curve was derived from 

eekly incident COVID-19 cases reported to the NICD for the City 

f Johannesburg’s Region F, where the two study sites are situated. 

The univariate Poisson regression, with robust standard errors, 

as used to assess the association of demographic and clinical 

actors with SARS-CoV-2 seropositivity. Results are presented as 

revalence rate ratios (PRRs) through exponentiation of coefficients 

ith 95% CI. The same methods were used to assess factors asso- 

iated with willingness to be vaccinated. For multivariable anal- 

ses, independent variables with a P -value ≤0.25 in univariate 

nalyses were considered for inclusion in the model ( Hosmer and 

emeshow, 20 0 0 ). All data were captured directly onto the RED- 

ap (Research Electronic Data Capture) data platform ( Harris et al. , 

009 ), hosted at the University of the Witwatersrand in South 

frica. Analyses were performed using Stata Version 15.1 (Stata 

orp, College Station, TX, USA). 

esults 

articipant characteristics and SARS-CoV-2 history 

During the study period, 950 pregnant women were screened, 

04 were eligible, 402 declined participation, 502 (55.6%) were 

nrolled, and two women were subsequently excluded from the 

tudy; no parent or legal guardian was available to sign the con- 

ent form for a minor’s participation and a duplicate enrollment 

 Figure 1 ). The median age of the participants was 27.4 years (IQR:

3.6-32.1). The study sample comprised 50.6% South Africans and 

6.2% Zimbabwean foreign nationals. More than half (52.4%) of the 

omen were in their third trimester of pregnancy, with a median 

estational age of 27 weeks (IQR: 21-34) at the time of enrollment. 

he prevalence of HIV among women enrolled was 26.7 ( Table 1 ). 

Since March 2020, 19 (3.8%) women reported symptoms sug- 

estive of SARS-CoV-2 infection. Of these women, 11 (57.9%) were 

ested for SARS-CoV-2 at the time of those symptoms, and two 

18.2%) reported that they tested RT-PCR-positive. A further 50 

omen who did not report any COVID-19-related symptoms previ- 

usly had a SARS-CoV-2 diagnostic test, four (8.0%) of whom tested 

ARS-CoV-2 RT-PCR-positive. No participants had been vaccinated 

efore study participation. 
243 
eroprevalence of SARS-CoV-2 

SARS-CoV-2 seroprevalence on the primary measure using de- 

ection on either the Wantai or the Roche Elecsys assay was 64.0% 

95% CI: 59.6-68.2%), whereas the seroprevalence on the secondary 

easure using detection of antibodies on both the Wantai and the 

oche Elecsys assay was 54% (95% CI: 49.5-58.4%) ( Table 2 ). The 

revalence of SARS-CoV-2 antibodies among pregnant women was 

imilar for the Wantai (59.6%; 95% CI: 55.2-63.9%) and Roche Elec- 

ys (58.4%; 95% CI: 53.9-64.0%) assays, independently ( Table 2 ). 

owever, of the 208 women who were seronegative on the Roche 

lecsys assay, 28 (13.5%) were seropositive on the Wantai assay; 

hereas of the 292 women who were seropositive on the Roche 

lecsys assay, 22 (7.5%) were seronegative on the Wantai assay. 

he overall inter-rater agreement between the two tests was 90% 

ith a Cohen κ = 0.79; indicating good inter-rater agreement 

 Byrt, 1996 ). Using the Roche Elecsys assay as the reference test, 

he Wantai assay’s performance was high, with a sensitivity of 

2.5% (95% CI: 88.8-95.2%), specificity of 86.5% (95% CI: 81.1-90.9%), 

ositive predictive value of 90.6% (95% CI: 86.7-93.7%), and nega- 

ive predictive value of 89.1% (95% CI: 84.0-93.0%) ( Table 3 ). Among 

LHIV compared with women without HIV, the sensitivity and 

egative predictive values were higher, whereas the specificity and 

ositive predictive values were lower ( Table 3 ). 

Of the 496 women with a known HIV status, 131 were living 

ith HIV. Of these, 76 (58.0%) were seropositive using the primary 

easure, and 61 (46.6%) using the secondary measure of seropos- 

tivity. Women without HIV were significantly more likely to be 

eropositive on the Roche Elecsys assay than WLHIV (61.7% and 

8.9%, respectively; P -value = 0.018). On the Wantai assay, 55.7% 

f those without HIV and 61.1% of WLHIV were seropositive ( P - 

alue = 0.298). For the 57 WLHIV who had available CD4 + cell 

ounts, those with a low count ( < 350 count/ml) were significantly 

ess likely to be seropositive on the Roche Elecsys assay (PRR = 0.4; 

5% CI: 0.2-0.9, P -value = 0.046) than women with higher CD4 + 

ounts. Of the 18 WLHIV with low CD4 + cell counts, four were 

eropositive on both assays, whereas an additional three were pos- 

tive on the Wantai assay ( Table 2 ). All six women who were SARS-

oV-2-positive on a previous RT-PCR test were also seropositive, 

ith the time since SARS-CoV-2 RT-PCR positivity ranging from 3 

o 13 months ( Table 2 ). 

Figure 2 depicts the proportion of SARS-CoV-2 seropositive 

regnant women per epidemiologic week at the two study sites, 

lotted against the backdrop of the SARS-CoV-2 epidemic curve in 

ohannesburg’s Region F. Peaks and troughs are evident at simi- 

ar time points for both clinics. However, a divergence in the sero- 

revalence was noted in the last week of the study, possibly due 

o the small number of participants enrolled at that time. Sero- 
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Table 1 

Demographic and clinical characteristics of participants at the time of enrollment, March-June 2021. 

Characteristics Number (proportion, %N) N = 500 

Month of enrollment 

March 2021 110 (22.0) 

April 2021 170 (34.0) 

May 2021 177 (35.4) 

June 2021 43 (8.6) 

Median age (IQR), in years 27.37 (23.62-32.06) 

Age group, in years 

15-19 27 (5.4) 

20-24 148 (29.6) 

25-29 150 (30.0) 

30-34 106 (21.2) 

35-39 58 (11.6) 

≥40 11 (2.2) 

Nationality 

South African 253 (50.6) 

Zimbabwean 231 (46.2) 

Other 16 (3.2) 

Parity 

0 182 (36.8) 

1 176 (35.6) 

2-4 135 (27.3) 

≥ 5 1 (0.2) 

Gravidity 

1 156 (31.6) 

2-4 320 (64.8) 

≥ 5 18 (3.6) 

Median gestational age (IQR), in weeks 27 (21-34) 

Trimester of pregnancy N = 494 

First trimester 12 (2.4) 

Second trimester 223 (45.1) 

Third trimester 259 (52.4) 

HIV status N = 491 

Positive 131 (26.7) 

Negative 360 (73.3) 

HIV viral load (copies/ml) N = 81 

< 100 69 (85.2) 

≥100 12 (14.8) 

CD4 + T cells (count/ml) N = 57 

≥350 39 (68.4) 

< 350 18 (31.6) 

Syphilis status N = 461 

Positive 17 (3.7) 

Negative 444 (96.3) 

Prior positive SARS-CoV-2 test 

Yes 6 (1.2) 

No 494 (98.8) 

Symptoms suggestive of any previous COVID infection (since Mar 2020) 

Yes 19 (3.8) 

No 481 (96.2) 

Willing to take COVID-19 vaccine when available 

Yes 296 (59.4) 

No/Unsure 202 (40.6) 

IQR, interquartile range 
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revalence was highest in April and May 2021 (65.9% and 64.4%, 

espectively) ( Table 4 ), which coincided with the start of the third 

ave of infections in South Africa, which was characterized by the 

ighly transmissible Delta variant. 

actors associated with seropositivity 

In the univariate analyses, we observed no clinical or demo- 

raphic factors that were significantly associated with SARS-CoV- 

 detection when using both the primary measure of seropositiv- 

ty (antibody detection on either the Wantai or the Roche assay) 

nd the secondary measure (antibody detection on both the Wan- 

ai and the Roche assay) ( Table 4 ). 

Two candidate variables were eligible for inclusion in the mul- 

ivariable model: study site and age categories. However, neither of 

hese weakly associated variables became significant predictors of 

he outcome when assessed together in a multivariable model. In 
244 
 separate multivariable model restricted to WLHIV, based on the 

iterature, we also included the indicators for HIV viral load eleva- 

ion and CD4 suppression as variables of clinical importance. Again, 

one of the variables assessed became significant predictors of the 

utcome when taken together in the multivariable model. Results 

rom these multivariable analyses are not reported. 

Only 3.4% (11/320) of the women who were seropositive re- 

orted ever having symptoms suggestive of COVID-19 infection. 

illingness to vaccinate 

Only 296 (59.4%) women reported being willing to be vacci- 

ated should vaccines become available, whereas the rest (40.6%) 

eported being unsure or unwilling to be vaccinated. More women 

174/250, 69.6%) at the Esselen Street Clinic were willing to re- 

eive a COVID-19 vaccine than at Shandukani Midwife Obstetric 

nit (122/250, 48.8%, P < 0.001) (Supplementary Table 1). 
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Table 2 

Prevalence of SARS-CoV-2 antibodies by test type and by primary and secondary seroprevalence measures, among pregnant 

women in Johannesburg, South Africa, March-June 2021. 

SARS-CoV-2 Seropositivity 

N 

Wantai assay 

n (%N) 

Roche assay 

n (%N) 

Primary: EITHER 

Wantai or Roche 

Assay n (%N) 

Secondary: BOTH 

Wantai AND Roche 

Assay n (%N) 

Overall 500 298 (59.6) 292 (58.4) 320 (64.0) 270 (54.0) 

95% 

confidence interval 

55.2-63.9 53.9-62.8 59.6-68.2 49.5-58.4 

HIV status 

Positive 131 73 (55.7) 64 (48.9) 76 (58.0) 61 (46.6) 

Negative 360 220 (61.1) 222 (61.7) 238 (66.1) 204 (56.7) 

Unknown 4 4 (100.0) 4 (100.0) 4 (100.0) 4 (100.0) 

P -value 0.298 0.018 0.117 0.178 

HIV viral load (copies/ml) a 

< 100 69 35 (50.7) 33 (47.8) 36 (52.2) 32 (46.4) 

≥100 12 6 (50.0) 6 (50.0) 7 (58.3) 5 (41.7) 

P -value 0.963 0.888 0.681 0.824 

CD4 + T cells (count/ml) a 

≥350 39 23 (58.9) 22 (56.4) 24 (61.5) 21 (53.9) 

< 350 18 7 (38.9) 4 (22.2) 7 (38.9) 4 (22.2) 

P -value 0.203 0.046 0.157 0.105 

a Of the 131 women living with HIV, viral load results were only available for 81 (62%) participants and CD4 results were 

available for 57 (44%) participants, up to 3 months prior to study participation.CD, clusters of differentiation 

Table 3 

Performance of Wantai SARS-CoV-2 antibody ELISA test compared to the Roche Elecsys anti-SARS-CoV-2 ELISA 

test as the gold standard method. 

All women 

N = 500 

HIV-positive 

N = 131 

HIV-negative 

N = 360 

Wantai + / Roche + 

Sensitivity (95% CI) 

270/292 

92.5 (88.8-95.2) 

61/64 

95.3 (86.9-99.0) 

204/222 

91.9 (87.5-95.1) 

Wantai -/Roche- 

Specificity (95% CI) 

180/208 

86.5 (81.1-90.9) 

55/67 

82.1 (70.8-90.4) 

122/138 

88.4 (81.9-93.2) 

Roche + /Wantai + 

Positive predictive value (95% CI) 

270/298 

90.6 (86.7-93.7) 

61/73 

83.6 (73-91.2) 

204/220 

92.7 (88.5-95.8) 

Roche-/Wantai- 

Negative predictive value (95% CI) 

180/202 

89.1 (84.0-93.0) 

55/58 

94.8 (85.6-98.9) 

122/140 

87.1 (80.4-92.2) 

CI, confidence interval; ELISA, enzyme-linked immunosorbent assay 
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iscussion 

Between March and June 2021, we enrolled 500 pregnant 

omen attending two high-volume antenatal clinics in a densely 

opulated inner-city area of Johannesburg, with an antenatal HIV 

eroprevalence of about 30%. A high proportion, 64.0%, of pregnant 

omen had evidence of a previous SARS-CoV-2 infection. Overall, 

6.6% of the seropositive women did not recall having any symp- 

oms of SARS-CoV-2 infection between March 2020 and the time 

f enrollment. 

This serosurvey was conducted between South Africa’s second 

nd third waves. Given that IgG antibodies most commonly be- 

ome detectable at 1-3 weeks after infection ( Sethuraman et al. , 

020 ), it is highly likely that the seroprevalence detected in this 

tudy is due to the cumulative infections that occurred in the first 

nd second waves, with a small proportion likely attributable to 

ewer infections experienced at the start of the third wave. Pre- 

ious seroprevalence surveys in pregnant women in South Africa 

ave reported rates of between 30.8% in Gauteng and 38% in the 

estern Cape after the first wave of infections ( George et al. , 2021 ;

siao et al. , 2020 ). A study among blood donors in South Africa,

onducted after the peak of the second wave, reported seropreva- 

ences ranging from 32-63% among four provinces ( Sykes et al. , 

021 ). A cross-sectional study conducted in three communities in 

outh Africa, during and after the second wave of infection, re- 

orted an increase in seropositivity from 26.9% in December 2020 

o 47.2% in April 2021 ( Wolter et al. , 2022 ). These findings across

ll studies do not take into consideration the potential for wan- 
245 
ng antibody levels or seroreversion over time ( Meyer, 2021 ; Peluso 

t al. , 2021 ). This sequential increase in the seroprevalence with 

ubsequent waves of infection and high seroprevalence gives cre- 

ence to the fact that South Africa has experienced a more perva- 

ive epidemic than estimated when using laboratory-based RT-PCR 

r antigen-diagnosed cases, which are mostly symptomatic ( Hsiao 

t al. , 2020 ), resulting in a substantial underestimation of the 

roportion of the population previously infected. Repeated sero- 

revalence studies are likely a more accurate indicator of infec- 

ion prevalence than RT-PCR/antigen-based case identification. Se- 

ial seroprevalence studies of pregnant women are easily imple- 

entable and could be built into routine blood testing during an- 

enatal clinic visits because pregnant women have regularly sched- 

led clinical appointments. These studies among pregnant women 

s a sentinel population will allow for timely, efficient, and low- 

ost determination of the prevalence of immunity, changes in im- 

unity over time, durability of immune protection, vaccine uptake 

nd vaccine penetrance over time. 

Among WLHIV, Hsaio et al. (2020) reported that 42% seropreva- 

ence after the peak of the first wave of the epidemic among 

omen attending antenatal clinics in Cape Town Metropolitan 

Metro) subdistricts. As expected, we found a higher seropreva- 

ence of 58.0% among WLHIV in Johannesburg after two waves 

f infection. WLHIV with a low CD4 cell count ( < 350 count/ml) 

ere less likely to be seropositive on the Roche Elecsys assay 

PRR = 0.39; 95% CI: 0.16-0.98) than women with higher CD4 

ounts; although, this analysis was restricted to only 57 of the 131 

LHIV, in whom CD4 cell counts were available. In addition to the 
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Table 4 

Factors associated with SARS-CoV-2 antibody detection using two methods of detection in Johannesburg, South Africa, March- 

June 2021: (i) EITHER Wantai or Roche assay detection; and (ii) BOTH Wantai and Roche assay detection. 

Antibodies detected on EITHER Wantai or 

Roche Assay 

Antibodies detected on BOTH Wantai and 

Roche Assays 

Characteristics 

SARS-CoV-2 

antibodies detected 

n/N (%) 

Unadjusted 

prevalence ratios b 

(95% CI) 

SARS-CoV-2 

antibody detected 

n/N (%) 

Unadjusted 

prevalence ratios b 

(95% CI) 

Overall 320/500 (64.0) - 270/500 (54.0) - 

Month of enrollment 

March 2021 68/110 (61.8) Reference 61/110 (55.5) Reference 

April 2021 112/170 (65.9) 1.07 (0.79-1.44) 92/170 (54.1) 0.98 (0.71-1.34) 

May 2021 114/177 (64.4) 1.04 (0.77-1.41) 92/177 (52.0) 0.94 (0.68-1.29) 

June 2021 26/43 (60.5) 0.98 (0.62-1.54) 25/43 (58.1) 1.05 (0.66-1.67) 

Median age (IQR) in years 27.46 

(23.42-31.63) 

0.99 (0.98-1.01) 27.69 

(23.35-31.97) 

0.99 (0.98-1.02) 

Age group 

15-19 17/27 (63.0) 0.99 (0.59-1.66) 16/27 (59.3) 1.11 (0.65-1.90) 

20-24 94/148 (63.5) Reference 79/148 (53.4) Reference 

25-29 101/150 (67.3) 1.06 (0.80-1.40) 81/150 (54.0) 1.01 (0.74-1.38) 

30-34 65/106 (61.3) 0.97 (0.70-1.32) 54/106 (50.9) 0.95 (0.66-1.35) 

35-39 38/58 (65.5) 1.03 (0.71-1.50) 35/58 (60.3) 1.13 (0.76-1.68) 

≥40 5/11 (45.5) 0.72 (0.29-1.76) a 5/11 (45.5) 0.85 (0.34-2.10) 

Clinic/Site 

Esselen Street Clinic 149/250 (59.6) Reference 126/250 (50.4) Reference 

Shandukani Midwife 

Obstetric Unit 

171/250 (68.4) 1.15 (0.92-1.43) a 144/250 (57.6) 1.14 (0.90-1.45) 

Nationality 

South African 157/253 (62.1) Reference 134/253 (52.9) Reference 

Zimbabwean 152/231 (65.8) 1.06 (0.85-1.33) 126/231 (54.6) 1.03 (0.81-1.31) 

Other 11/16 (68.8) 1.11 (0.60-2.04) 10/16 (62.5) 1.18 (0.62-2.24) 

Parity 

0 118/182 (64.8) Reference 104/182 (57.2) Reference 

1 113/176 (64.2) 0.99 (0.63-1.50) 92/176 (52.3) 0.91 (0.69-1.21) 

2-4 87/135 (64.4) 0.99 (0.62-1.57) 73/135 (54.1) 0.95 (0.70-1.27) 

≥ 5 1/1 (100) 1.54 (0.22-11.04) 1/1 (100) 1.75 (0.24-12.54) 

Gravidity 

1 99/156 (63.5) Reference 85/156 (54.5) Reference 

2-4 208/320 (65.0) 1.02 (0.81-1.30) 175/320 (54.7) 1.00 (0.77-1.30) 

≥ 5 12/18 (66.7) 1.05 (0.58-1.91) 10/18 (55.6) 1.02 (0.53-1.96) 

Median gestational age of 

fetus (IQR) (weeks) 27 (21-34) 0.99 (0.98-1.01) 27 (21-34) 0.99 (0.98-1.01) 

Trimester of pregnancy 

First trimester 7/12 (58.3) 0.91 (0.43-1.95) 5/12 (41.67) 0.77 (0.32-1.89) 

Second trimester 147/223 (65.9) 1.03 (0.83-1.29) 126/223 (56.5) 1.05 (0.83-1.34) 

Third trimester 165/259 (63.7) Reference 139/259 (53.7) Reference 

HIV status 

Negative 238/360 (66.1) Reference 204/360 (56.7) Reference 

Positive 76/131 (58.0) 0.88 (0.68-1.14) 61/131 (46.6) 0.82 (0.62-1.09) a 

HIV viral load (copies/ml) 

< 100 36/69 (52.2) Reference 32/69 (46.4) Reference 

≥100 7/12 (58.3) 1.11 (0.50-2.51) 5/12 (41.7) 0.90 (0.35-2.31) 

Clusters of differentiation 

4 + T cells (count/ml) 

≥350 24/39 (61.5) Reference 21/39 (53.85) Reference 

< 350 7/18 (38.9) 0.63 (0.27-1.47) 4/18 (22.2) 0.41 (0.14-1.20) a 

Syphilis 

Negative 285/444 (64.2) Reference 241/444 (54.3) Reference 

Positive 10/17 (58.8) 0.92 (0.49-1.72) 9/17 (52.9) 0.98 (0.50-1.90) 

Symptoms suggestive of any previous COVID infection (since March 

2020) 

Yes 11/19 (57.9) 0.90 (0.49-1.64) 10/19 (54.1) 0.98 (0.52-1.83) 

No 309/481 (64.2) Reference 260/481 (52.6) Reference 

Prior positive COVID test 

Yes 6/6 (100.0) 1.57 (0.70-3.53) 6/6 (100.0) 1.87 (0.83-4.20) a 

No 314/494 (63.6) Reference 264/494 (53.4) Reference 

Willing to take COVID-19 vaccine when 

available 

Yes 182/296 (61.5) Reference 157/296 (55.5) Reference 

No/Unsure 136/202 (67.3) 1.09 (0.88-1.37) 112/202 (55.5) 1.04 (0.82-1.33) 

a P -values < 0.25 on univariate regression 
b Multivariable logistic regression results not shown. None of the candidate variables from the univariate regression became 

significant predictors of the outcome when assessed together in a multivariable model.CI, confidence interval; IQR, interquartile 

range 
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Figure 2. Proportion of SARS-CoV-2 seropositive pregnant women per epidemiologic week at Shandukani Midwife Obstetric Unit and the Esselen Street Clinic over the study 

period (17 March 2021 to 9 June 2021), plotted against the backdrop of the SARS-CoV-2 epidemic curve in Johannesburg’s Region F in South Africa between 22 November 

2020 and 01 August 2021. 
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our seropositive cases detected on both assays, the Wantai assay 

etected an additional three seropositive cases among WLHIV with 

 low CD4 cell count, most likely due to the Wantai assay mea- 

uring anti-S antibodies. Individuals living with HIV who are im- 

unocompromised have been shown to be less likely to develop a 

ARS-CoV-2 antibody response ( Meiring et al. , 2022 ; Wolter et al. ,

022 ) as well as have lower IgG concentrations and pseudovirus 

eutralizing antibody titers than individuals without HIV ( Spinelli 

t al. , 2021 ; Wolter et al. , 2022 ). In addition, anti-N antibodies have

een shown to wane faster than anti-S antibodies after infection 

 Choudhary et al. , 2021 ; Lumley et al. , 2021 ). Therefore, WLHIV

ho are immunocompromised were less likely to be seropositive 

nd were more likely to test positive on the anti-S assay than the 

nti-N assay. A combination of the Roche Elecsys and Wantai as- 

ays in this study produced a higher yield of SARS-CoV-2 sero- 

revalence. Nevertheless, it is possible that serology may under- 

stimate previous infection among WLHIV, especially those with 

dvanced immunosuppression. 

Studies evaluating clinical course and pregnancy outcomes in 

omen infected with SARS-CoV-2 during pregnancy showed high 

ates of intensive care unit admission, Cesarean section delivery, 

igher maternal mortality, and preterm delivery ( Budhram et al. , 

021 ; Carrasco et al. , 2021 ; Della Gatta et al. , 2020 ). In our study,

e were unable to ascertain when SARS-CoV-2 infection occurred, 

xcept in those who reported a positive SARS-CoV-2 antigen test. 

t is reassuring that in our study population, many women have 

ome expected level of immunity while they are pregnant because 

f a previous natural infection. Previous SARS-CoV-2 infection is 

xpected to have some level of protection against repeat SARS- 

oV-2 infection (although, this may not hold for newer variants 

f concern). Similarly, one COVID-19 vaccine with a previous infec- 
v

247 
ion results in robust immunity that is comparable to two vaccines 

 Bertollini et al. , 2021 ; Keeton et al. , 2021 ; Shrestha et al ., 2022 ). 

During the study period, only 56% of pregnant women reported 

illingness to be vaccinated against COVID-19. Apart from the ob- 

erved difference between clinic sites, we found no other demo- 

raphic or clinical factors associated with the willingness to be 

accinated. This study did not investigate reasons for vaccine hes- 

tancy. However, other studies of SARS-CoV-2 vaccine hesitancy, 

onducted before vaccine availability to the public in South Africa, 

eport variable levels of survey respondents indicating a willing- 

ess to accept COVID-19 vaccination, ranging from 52-82% ( Cooper 

t al. , 2021 ; Skjefte et al. , 2021 ). Factors potentially associated 

ith willingness to be vaccinated included older age, urbanicity, 

eographic location, and female sex ( Cooper et al. , 2021 ; Skjefte 

t al. , 2021 ). A common theme in these studies, was concern about 

OVID-19 vaccine safety and effectiveness, highlighting the need 

or communication and education strategies specific for popula- 

ions of interest to encourage vaccination ( Cooper et al. , 2021 ). The

illingness to vaccinate among women in this study may have also 

een influenced by the lack of guidelines for vaccinations in preg- 

ant women at the time. At the end of August 2021, after the com- 

letion of our study, the South African Department of Health re- 

eased a circular recommending all pregnant and lactating women 

e vaccinated with either of the available vaccines. 

imitations 

This study had several limitations. We experienced a high re- 

usal rate among women attending routine antenatal visits, result- 

ng in a possible selection bias in women who enrolled, although 

ery few enrolled women reported symptoms or previous positive 
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ARS-CoV-2 tests. The study was conducted at two antenatal fa- 

ilities within a limited geographical area, thus potentially limit- 

ng the generalizability to other urban environments. The cross- 

ectional design of the survey leads to uncertainty of the timing of 

revious SARS-CoV-2 infections, potential recall bias of symptoms 

xperienced up to 1 year before study enrollment, and the poten- 

ial for an underestimation of SARS-CoV-2 infection due to waning 

ntibody levels among women who were infected in the first wave. 

t is possible that the proportion of women experiencing symp- 

omatic SARS-CoV-2 infection was underestimated, though another 

tudy conducted in South Africa at a similar time also reported low 

roportions (3.4%) of individuals who were seropositive and symp- 

omatic ( Wolter et al. , 2022 ). This study only detected binding anti-

odies; we did not determine whether these were neutralizing an- 

ibodies with the ability to neutralize the SARS-CoV-2 virus. Lastly, 

e did not collect information on comorbidities and risk factors for 

ARS-CoV-2 disease, such as diabetes, obesity, and socioeconomic 

tatus, which have been found to be associated with SARS-CoV-2 

eropositivity in other studies in South Africa ( George et al. , 2021 ;

olter et al. , 2022 ). Given that almost 70% of the population of Jo-

annesburg is overweight or obese ( Nordisk, 2016 ) and many have 

 low socioeconomic status ( Rees et al. , 2017 ), we postulate that

e may have seen similar associations between these risk factors 

nd seropositivity. 

onclusion 

This easily accessible population of pregnant women attend- 

ng routine antenatal care visits had a high SARS-CoV-2 seropreva- 

ence, with most women experiencing asymptomatic disease. WL- 

IV and those with immune suppression were less likely to have 

nti-N antibodies and were therefore less likely to have anti-N an- 

ibodies detected on the Roche assay. Seroprevalence surveys could 

resent a feasible, low-cost method of monitoring the course of the 

andemic, vaccine uptake, and vaccine hesitancy in a population 

nd should ideally be conducted after each wave of infection. 
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