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South Africa (SA) is a low- to middle-income country (LMIC) 
and, despite having made significant progress over the past two 
decades, the maternal mortality rate (MMR) remains approximately 
100/100  000, significantly higher than that seen in high-income 
countries.[1] The majority of maternal deaths in SA occur as a result 
of non-pregnancy-related infections, and pregnant women in SA 
have not been spared the burden of COVID‑19.[1] A large SA study 
conducted at 36 hospitals across the country showed an overall high 
MMR (6.3%) in women infected with SARS-CoV-2. The MMR was 
even higher (14.7%) in those admitted primarily for COVID‑19, 
as opposed to those with incidental or asymptomatic disease.[2] In 
addition, there was a 30% increase in maternal deaths in SA in the 
first 9  months of 2020, compared with the same time period in 
2019.[3] While some of these deaths may have been directly due to 
COVID‑19, it is assumed that the indirect effect of the COVID‑19 
pandemic on maternal health services also played a significant role.[3] 

SA has a population that is predominantly black African, with a 
high burden of HIV as well as non-communicable diseases such as 
obesity, which presents a unique scenario in the context of COVID‑19 

and pregnancy. While it is well known that pregnancy itself is a risk 
factor for severe COVID‑19, the added burden of hypertension and 
obesity in SA may further increase the risk of severe COVID‑19 
in our pregnant population.[4,5] In addition, the high prevalence of 
HIV and the potential of severe disease in concomitant HIV and 
COVID‑19 remains.[6-9]

While the majority of pregnant women with COVID‑19 have mild 
to moderate symptoms,[10] it is clear that pregnant women have higher 
rates of intensive care unit (ICU) admission, endotracheal intubation 
and invasive ventilation.[11-14] SA studies on COVID‑19 in pregnancy 
have yielded similar results: in the cohort investigated by Budhram 
et  al.,[2] 32.3% of women admitted for COVID‑19-related issues 
required admission to an ICU (as opposed to 8.6% in those with 
incidental COVID‑19) and 20.3% required ventilation (compared 
with 2.6% in those with incidental COVID‑19). COVID‑19 may also 
result in poor pregnancy outcomes, with an increased risk of preterm 
delivery, miscarriage and neonatal admission to ICU.[15-17]

The risk of mortality in pregnant women with COVID‑19 is 
significantly higher than in those without COVID‑19, as has been 
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shown in numerous cohorts across the globe. In addition, the risk 
of death in pregnant women with COVID‑19 compared with their 
non-pregnant counterparts is approximately 70% higher, with a 
disproportionate number of deaths in black, Asian and mixed 
ethnicity (BAME) women compared with white women.[12,18,19]

In this study, we describe the prevalence, profile and clinical 
outcomes of pregnant women with COVID‑19 admitted to a tertiary 
facility in SA.

Methods
Study design and setting
This was a retrospective analysis of all pregnant women, irrespective 
of gestational age, with COVID‑19 confirmed by either reverse-
transcriptase polymerase chain reaction (RT-PCR) or antigen testing 
admitted to the Charlotte Maxeke Johannesburg Academic Hospital 
(CMJAH) between 6 March and 30 August 2020. CMJAH is a large 
central hospital located in Johannesburg, SA, which directly services 
the inner city of Johannesburg and surrounding suburbs in addition 
to serving as a referral site to surrounding regional hospitals and 
midwife-led obstetric units. Approximately 9  500 deliveries occur 
annually, and more than 30 000 women are seen at the several high-
risk antenatal clinics per year at the hospital. 

Ethical approval to establish the CMJAH COVID‑19 database 
was granted by the University of the Witwatersrand, Johannesburg 
Human Research Ethics Committee (Medical), HREC-M (ref. no. 
M200458), as well as hospital management at CMJAH. Approval 
to conduct this study was granted by the HREC-M (clearance 
certificate no. M201169) and the CMJAH management. The study 
was registered with the National Health Research Database.

Data collection
Patient data were captured on discharge or death from paper-
based clinical files onto a digital database (REDCap version 
12.1.1, Vanderbilt University, USA).[20,21] Data captured included 
demographics, medical history, clinical findings and laboratory 
variables, as well as routine antenatal data and laboratory tests (HIV 
status, syphilis serology and Rhesus serology). The outcome of the 
pregnancy, as well as birthweight and Apgar scores, and mode of 
delivery, including indication for caesarean delivery if done, were 
also collected.

Women were defined as being symptomatic for COVID‑19 if one 
or more of the following symptoms were present: cough, dyspnoea, 
sore throat, rhinitis, ageusia, anosmia, diarrhoea, fatigue, malaise, 
fever and myalgia, and there was no other identifiable cause for these 
symptoms. The remaining women were considered asymptomatic 
and deemed as having ‘incidental COVID‑19’ on universal screening, 
and therefore admitted for pregnancy-related indications. Although 
not yet validated for use in COVID‑19, we assessed clinical severity 
using the modified early obstetric warning score (MEOWS) as per 
guidelines issued by the International Society for Infectious Diseases 
in Obstetrics and Gynaecology (ISIDOG).[22]

Routine laboratory investigations performed for asymptomatic 
women in our cohort included a full blood count (FBC) and urea, 
creatinine and electrolytes (U and E), as per hospital protocol. 
In addition to the FBC and U and E, routine laboratory tests for 
patients with symptomatic COVID‑19 included C-reactive protein 
(CRP), D-dimer, lactate dehydrogenase, alanine aminotransferase, 
N-terminal pro-hormone B-type natriuretic peptide, high sensitivity 
troponin T, ferritin, differential count and procalcitonin (PCT). 
Women with known HIV or those newly diagnosed also had a 
CD4 count and HIV viral load done on admission, as per national 
guidelines for the prevention of mother-to-child transmission.[23] 

An HIV viral load of <50 copies/mL was considered suppressed, in 
keeping with national guidelines.[23]

Statistical analysis
Data were exported from the REDCAP database into Excel (version 
16.5.4, Microsoft Corp., USA) and Prism 9.3 (GraphPad Software 
Inc., USA) for analysis. Non-parametric tests were used for all 
analyses, as data were found to be non-normally distributed using 
the Shapiro-Wilk normality test. Continuous variables are presented 
as medians with interquartile ranges (IQR), 95% confidence intervals 
and standard deviations. Comparative statistics were performed 
using the Mann-Whitney U, Fisher’s exact test and Spearman’s rank 
correlation, where appropriate. We considered a p-value of <0.05 as 
statistically significant.

Results
Demographics
At the time of analysis, the CMJAH COVID‑19 database included 
236 pregnant women with COVID‑19, of whom 32 had incomplete 
data, resulting in a final cohort of 204 pregnant women for analysis. 
The majority of the women in our cohort were black (n=198, 97%), 
with a median age of 31 years. There were 7 adolescent pregnancies 
(3.4%), and 57 women (28%) were of advanced maternal age (aged 
≥35 years). Body mass index (BMI) data were missing for 75 women 
in the cohort (37%). However, in those with BMI available, 44 (34%) 
were in the overweight range and 64 (51%) considered obese by 
BMI. The majority of the women in our cohort had no previously 
documented comorbid disease (n=107, 52%), with 84 (41%) and 
13 (6%) women affected by 1 comorbidity and >1 comorbidity, 
respectively. Sixty-seven women (33%) were HIV-positive, in keeping 
with national statistics regarding HIV in pregnancy. HIV viral loads 
were available for 58 of the 67 women with HIV (87%), with only 
40 women (69%) virologically suppressed at the time of delivery. For 
those with a CD4 count available (n=43, 64%), 32 (74%) had a CD4 
count >200 cells/µL. Demographic data are presented in Table 1.

Symptoms
Women with asymptomatic COVID‑19 made up the majority of our 
study cohort (n=148, 73%). These women were admitted for obstetric 
indications as opposed to COVID‑19-related illness. The remaining 
56 women (27%) presented with symptoms typical of COVID‑19 
including cough, dyspnoea and headache in 18 (9%), 12 (6%) and 
8 (4%) women, respectively. Fever was not documented in any of 
our cohort and only 5 women (2.5%) were found to have an oxygen 
saturation <94% on room air. However, during the initial part of the 
study period, the admission protocol for obstetric patients did not 
include routine monitoring of oxygen saturation, therefore it was 
recorded in only 128 women. There was no statistically significant 
difference in the presence of comorbidities in symptomatic women 
(24% v. 32%, p=0.43), nor was there a strong correlation between 
severity of illness and BMI (r=‒0.14). Patients with pre-eclampsia 
were significantly more likely to have severe disease than not (20% 
v. 8%, p<0.0001). However, it was not clear whether it was the pre-
eclampsia or the COVID‑19 that drove the severity in these women. 
Symptom, vital and severity data are presented in Table 2 and Fig. 1.

Obstetric and fetal outcomes
The median (IQR) gestational age for women in our cohort was 
37  (30  - 39) weeks. Eighty-five women (42%) presented at a 
gestational age of 38 weeks or later, with 11 women (5%) in the 
first trimester at the time of admission. Thirty-one women (15%) 
were nulliparous and 27 (13%) were pregnant for the fifth time or 
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more. Twenty-three patients (11%) were undelivered at the time of 
discharge and 159 delivered during their admission, with 164 live 
infants born, including 5 sets of twins. Caesarean section was the 
most common mode of delivery (n=105, 60%), with the indication 
for caesarean section being a previous operative delivery in one-
third of these women and fetal distress the indication in 33 (27%). 
No women underwent caesarean section for indications related to 
COVID‑19. The median (IQR) birthweight for the infants born 
alive was 2  940  (2  450 - 3  320)  g; 19 infants (11%) were born 
weighing <2  000  g and 3 (2%) weighed >4  000  g. Neonates were 
only tested for COVID‑19 if they required admission, and of 

those admitted only 1 was positive for COVID‑19. The remaining 
pregnancy outcomes are presented in Table  3. Eight pregnancies 
ended in stillbirths (4%), of which 3 occurred in women who had 
not received any antenatal care prior to admission, 3 were as a 
result of chorioamnionitis, 1 occurred in a woman with confirmed 
syphilis and 1 in a woman admitted to ICU with an inferior vena 
cava thrombosis, with COVID‑19 a likely contributing factor. The 
median gestational age at time of stillbirth was 28  weeks. There 
were 6 miscarriages (3%) occurring at a median gestational age of 
18  weeks. Data for gestational age and birth outcomes are shown 
in Table 4.

Table 1. Demographic data (N=204)

Characteristic 
Total (n=204),  
n (%)*

Symptomatic (n=56),  
n (%)*

Asymptomatic (n=148),  
n (%)* p-value

Race
Black 198 (97) 52 (93) 146 (99) 0.049
White 4 (2) 4 (7) 0 (0)
Indian 2 (1) 0 (0) 2 (1)

Age, years      
Median (IQR) 31 (26 - 35) 32 (27 - 35) 30 (26 - 35) 0.640
<25 35 (17) 8 (14) 25 (17) 0.098
25 - 29 47 (23) 10 (18) 37 (25)
30 - 35 77 (38) 29 (52) 48 (33)
>35 45 (22) 9 (16) 36 (25)

Physical characteristics      
Weight (kg), median (IQR) 77 (66.8 - 90.5), n=143 85 (76 - 97), n=35 75 (66 - 87), n=108 0.005
Height (cm), median (IQR) 159 (156 - 165), n=129 160 (156 - 165), n=30 159 (156 - 165), n=99 0.822
BMI (kg/m2), median (IQR) 29.8 (26.7 - 36.1), n=128 33 (28.6 - 37), n=30 29.3 (26.4 - 34.5), n=99 0.040
BMI underweight (<18) 0 (0) 0 (0) 0 (0) 0.334
BMI normal (18 - 24.9) 21 (16) 3 (10) 18 (18)
BMI overweight (25 - 29.9) 44 (34) 7 (23) 37 (37)
BMI obese class I (30 - 34.9) 29 (23) 9 (30) 20 (20)
BMI obese class 2 (35 - 39.9) 19 (15) 6 (20) 13 (13)
BMI obese class 3 (>=40) 16 (13) 5 (17) 11 (11)
MUAC (cm), median (IQR) 30 (27 - 33), n=111 31 (29 - 34), n=32 29 (27 - 33), n=79 0.099
MUAC underweight (<23) 3 (3) 1 (3) 2 (3) 0.605
Normal (23 - 32) 77 (69) 20 (63) 57 (72)
MUAC overweight (≥33) 31 (28) 11 (34) 20 (25)

Comorbidities      
No pre-existing comorbidities 107 (53) 32 (57) 75 (51) 0.620
1 comorbidity 84 (41) 20 (36) 64 (43)
2 comorbidities 13 (6) 4 (7) 9 (6)
Asthma 4 (2) 2 (4) 2 (1) 0.303
Chronic kidney disease 1 (0,5) 0 (0) 1 (1) >0.999
Chronic lung disease (including TB) 1 (0,5) 1 (2) 0 (0) >0.999
Diabetes mellitus 10 (5) 3 (5) 7 (5) >0.999
Epilepsy 1 (0,5) 1 (2) 0 (0) >0.999
Hypertension 17 (8) 3 (5) 14 (9) 0.411
HIV 67 (33) 15 (27) 52 (35) 0.317

HIV viral load (n=58)      
HIV viral load ≤50 copies/mL 40 (69) 11 (79) 29 (66) 0.513
HIV viral load >50 copies/mL 18 (31) 3 (21) 15 (34)

CD4 (n=43)      
Median (IQR) 405 (185 - 686) 369 (283 - 661) 417 (185 - 710) 0.816
CD4 count ≤200 cells/uL 11 (26) 2 (18) 9 (28) 0.698
CD4 count >200 cells/uL 32 (74) 9 (82) 23 (72)

IQR = interquartile range; BMI = body mass index; MUAC = mid-upper arm circumference; TB = tuberculosis.
*Unless otherwise indicated.
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Laboratory results 
In those patients with a CRP done, 
median levels were elevated at 41  mg/L, 
as was PCT at 0.095 ng/mL. There was no 
significant difference in laboratory results 
in those who did and did not require ICU, 
nor was there a difference in laboratory 
results in symptomatic v. asymptomatic 

patients. Laboratory results are presented 
in Table 5.

Maternal outcomes
There was an overall mortality rate of 1.5% 
(n=3). All women who died had severe 
COVID‑19 and required admission to ICU. 
Two women had concomitant severe pre-

eclampsia and one was HIV-positive; however, 
she had a CD4 of 369 cells/uL and was virally 
suppressed at the time of death. Twenty-one 
women (10%) were admitted to an ICU, of 
which 3 (1%) required invasive ventilatory 
support and 8 (4%) non-invasive ventilation 
via continuous positive airway pressure. While 
there was no significant difference in pulse 
rate or temperature among women admitted 
to ICU, there was a statistically significant 
increase in respiratory rate compared with 
those who did not require ICU admission 
(20 v. 18 breaths per minute, p=0.002). There 
was no relationship found between HIV status 
and likelihood of ICU admission (p=0.22). 

MEOWS score
We used the MEOWS score, as presented in 
the ISIDOG guidelines,[22] to classify severity 
of disease in our patients on admission. A 
total of 128 women (63%) had a MEOWS 
score of 0 and were considered stable, while 
33 (16%) had a MEOWS score of ≥6 and 
were considered critical on admission. Our 
data only included the MEOWS score on 
admission, and we are unable to report on 
the change in score during admission. This 

Fig. 1. Percentage of patients with specific symptoms on presentation.
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Table 2. Symptom, vital and severity data
Symptom Symptomatic, n (%)* Asymptomatic, n (%)* p-value

Total 56 (27) 148 (73)  
Cough 18 (9)  
Diarrhoea 1 (0.5)  
Dyspnoea 12 (6)  
Fatigue 0 (0)  
Fever 6 (3)  
Headache 8 (4)  
Malaise 2 (1)  
Myalgia 4 (2)  
Rhinitis 1 (0.5)  
Sore throat 6 (3)  
Vomiting 2 (1)  
Anosmia 1 (0.5)  
Ageusia 1 (0.5)  
Other 12 (6)

Vitals, median (IQR)  
Temperature, °C (n=199) 36.5 (36.4 - 36.8), n=53 36.4 (36.3 - 36.6), n=144 0.035
Respiratory rate, bpm (n=197) 18 (18 - 20), n=54 18 (18 - 20), n=141 0.012
Pulse rate, bpm (n=203) 93 (86.5 - 109), n=55 92 (84 - 100), n=146 0.059
Oxygen saturation, % (n=128) 96 (94 - 97), n=38 97 (96 - 98), n=89 0.001
Systolic blood pressure, mmHg (n=203) 122 (114 - 139), n=55 130 (119 - 145), n=146 0.013
Diastolic blood pressure, mmHg (n=203) 77 (69 - 92), n=55 82 (73 - 90), n=146 0.145

MEOWS
0 37 (66) 91 (61) 0.435
1 - 3 3 (5) 20 (14)
4 - 5 6 (11) 14 (9)
≥6 10 (18) 23 (16)

IQR = interquartile range; MEOWS = modified early obstetric warning score.
*Unless otherwise indicated.



915       December 2022, Vol. 112, No. 12

RESEARCH

is evident as 16 (76%) of the women admitted to ICU had a MEOWS 
score of <6 on admission, indicating that they decompensated during 
the course of admission. Similarly, two of the women who died had a 
MEOWS score of 0 on admission. However, of those with a MEOWS 
score of ≥6 on admission, 28 (85%) required admission to ICU, arguing 

for the use of this score in pregnant women with COVID‑19.

Discussion
In this study we report on 204 pregnant women with SARS-CoV-2 
infection, with an overall mortality rate of 1.5%. This is lower than 

Table 3. Obstetric outcomes (N=204)
Outcome Total (n=204) Symptomatic (n=56) Asymptomatic (n=148) p-value
Gravidity

Median (IQR) 3 (2 - 4) 3 (2 - 4) 3 (2 - 4) 0.684
Nulliparous, n (%) 31 (15) 9 (16) 23 (16) 0.339
Gravidity >5, n (%) 27 (13) 7 (13) 20 (14)
Unknown, n (%) 6 (3) 3 (5) 1 (1)

Gestational age, weeks  
Median (IQR) 37 (30 - 39) 36 (28 - 38) 7 (30 - 39) 0.217
 <14, n (%) 11 (5) 0 (0) 11 (7) 0.010
 14 - 22, n (%) 15 (7) 4 (7) 11 (7)
 23 - 27, n (%) 16 (8) 10 (18) 6 (4)
 28 - 31, n (%) 21 (10) 5 (9) 16 (11)
 32 - 37, n (%) 53 (26) 19 (34) 34 (23)
 38 - 40, n (%) 73 (36) 15 (27) 58 (39)
 >41, n (%) 12 (6) 2 (4) 10 (7)
Missing, n (%) 3 (1) 1 (2) 2 (1)

Number of fetuses, n (%)  
Multigestation 5 (2) 0 (0) 5 (3) 0.326

Pregnancy outcome, n (%)  
Live birth 159 (78) 38 (68) 121 (82) 0.039
Ectopic 5 (2.5) 0 (0) 5 (3)
Miscarriage 6 (3) 0 (0) 6 (4)
TOP 2 (1) 0 (0) 2 (1)
Molar 1 (0.5) 0 (0) 1 (1)
Stillbirth 8 (4) 4 (7) 4 (3)
Undelivered 23 (11) 14 (25) 9 (6)

Mode of delivery, n (%)  
Vaginal delivery 71 (40) 22 (48) 49 (38) 0.294
Caesarean section 105 (60) 24 (52) 81 (62)

Indication for caesarean section, n (%)*  
Abruptio placentae 5 (4) 0 (0) 5 (5)  
Cephalopelvic disproportion 6 (5) 1 (4) 5 (5)  
Fetal distress 33 (27) 12 (48) 21 (21)  
Malpresentation 4 (3) 0 (0) 4 (4)  
No progress 9 (7) 3 (12) 6 (6)  
Previous caesarean section 41 (33) 5 (20) 36 (37)  
Pre-eclampsia 9 (7) 2 (8) 7 (7)  
Failed IOL 5 (4) 0 (0) 5 (5)  
Other 11 (9) 2 (8) 9 (9)  

Birthweight, g  
Median (IQR) 2 940 (2 450 - 3 320) 2 810 (2 450 - 3 170) 2 940 (2 423 - 3 320) 0.818
<1 000, n % 2 (1) 0 (0) 2 (2)  
1 000 - 1 499, n % 3 (2) 0 (0) 3 (2)  
1 500 - 1 999, n % 14 (8) 1 (3) 13 (10)  
2 000 - 2 499, n % 21 (12) 8 (21) 13 (10)  
2 500 - 2 999, n % 43 (25) 10 (26) 33 (26)  
3 000 - 3 499, n % 46 (27) 9 (24) 37 (29)  
3 500 - 3 999, n % 26 (15) 6 (16) 20 (16)  
>4 000, n % 3 (2) 0 (0) 3 (2)  
Missing, n % 6 (4) 4 (11) 2 (2)  

IQR = interquartile range; TOP = termination of pregnancy; IOL = induction of labour.
*23 patients (22%) had more than 1 indication for caesarean section.
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that seen in a large SA study (6.3%),[2] but similar to that seen in the 
INTERCOVID study (1.6%),[11] both of which ran over the same time 
period. We note a higher mortality rate, however, when compared 
with similar cohorts from the USA (0.15%)[12] and UK (0.7%).[24] All 
three women who died in our cohort required ICU admission, and 
two of them had severe pre-eclampsia, which we believe contributed 
to their deaths. Noting the higher mortality rate when compared with 
the USA and UK, we believe that this is in keeping with the vastly 
different background maternal mortality rate in SA compared with 
these two countries, with late access to care contributing significantly. 
Limited access to ICU may also have played a role.

Women who were asymptomatic at the time of admission 
accounted for 73% of our cohort, similar to the findings in another 
SA study,[2] but in contrast to data from the UK for a similar time 

period, where 63% of women were symptomatic.[24] Our institution, 
as well as many others in SA, undertook routine screening for all 
admitted patients from early on in the pandemic, and this may 
explain the higher number of asymptomatic cases. In addition, over 
the time period in question, new cases in SA peaked at 13 944 per day 
(218.25 cases per million people on 24 July 2020), whereas the peak in 
the UK was half that number at 6 201 cases per day (69.39 cases per 
million people on 1 May 2020), which may indicate a higher level of 
community spread in SA.[25-27]

In keeping with the finding of milder disease, only 5 women (2.5%) 
were hypoxaemic and 16 (8.1%) tachypnoeic, with the majority of 
our patients (63%) classified as ‘stable’ according to the MEOWS 
score. We noted a significant association between tachypnoea and 
ICU admission in our cohort. While the use of this scoring system 

Table 4. Gestational age and birth outcome
Gestational age, 
weeks 

Live birth during COVID 
illness (n=159), n (%)*

Stillbirth at time of COVID 
illness (n=8), n (%)*

Miscarriage at time of 
COVID illness (n=6), n (%)*

Undelivered at time of 
COVID illness (n=23), n (%)*

Median (IQR) 38 (34 - 39) 28 (26 - 29) 12 (10 - 13) 25 (23 - 31)
<14 0 (0) 0 (0) 5 (83) 0 (0)
14 - 22 8 (4) 0 (0) 1 (17) 5 (22)
23 - 27 6 (3) 3 (38) 0 (0) 7 (30)
28 - 31 13 (6) 4 (50) 0 (0) 4 (17)
32 - 37 49 (24) 1 (13) 0 (0) 3 (13)
38 - 40 71 (35) 0 (0) 0 (0) 2 (9)
≥41 12 (6) 0 (0) 0 (0) 0 (0)

Missing 0 (0) 0 (0) 0 (0) 2 (9)

IQR = interquartile range.
*Unless otherwise indicated.

Table 5. Laboratory results
 Result Total, median (IQR) Symptomatic, median (IQR) Asymptomatic, median (IQR) p-value
White cell count (×109/L) 8.185 (6.133 - 11.39), n=160 7.19 (5.395 - 11.32), n=42 8.36 (6.65 - 11.47), n=117 0.1877
Haemoglobin (g/dL) 11.95 (10.4 - 13.03), n=166 11.9 (10.88 - 13.23), n=42 12 (10.1 - 13), n=123 0.5715
Platelets (×109/L) 221 (179 - 284), n=162 237.5 (176.5 - 286.3), n=42 221 (179 - 284), n=119 0.8098
Neutrophil count (×109/L) 15.77 (4.635 - 71.3), n=29 4.89 (2.443 - 8.298), n=8 6.505 (4.468 - 9.108), n=20 0.2806
Lymphocyte count (×109/L) 2.59 (1.525 - 18.9), n=29 1.91 (1.613 - 2.495), n=8 12.4 (1.435 - 19.98), n=20 0.2584
C-reactive protein (mg/L) 41 (10 - 107), n=89 26.5 (10 - 105.3), n=28 44.5 (10.25 - 117.3), n=60 0.8989
Procalcitonin (ng/mL) 0.095 (0.05 - 0.415), n=68 0.1 (0.07 - 0.56), n=23 0.085 (0.04 - 0.3625), n=44 0.2533
Beta-d-glucan (pg/mL) 62 (31 - 120), n=15 112 (48.25 - 204.3), n=4 52 (30.75 - 117), n=10 0.1948
Sodium (mmol/L) 138 (136 - 140), n=161 137 (135 - 140), n=42 138 (136 - 139), n=118 0.3176
Potassium (mmol/L) 4.4 (4 - 4.7), n=161 4.4 (4.1 - 4.725), n=42 4.4 (4 - 4.7), n=118 0.9884
Urea (mmol/L) 2.4 (1.9 - 3.1), n=161 2.3 (1.7 - 3.225), n=42 2.4 (2 - 3.1), n=118 0.5126
Creatinine (µmol/L) 59 (51 - 70), n=159 58 (52 - 70.5), n=41 60 (51 - 70.5), n=117 0.9158
D-dimers (mg/L) 0.92 (0.61 - 1.79), n=63 0.82 (0.63 - 1.59), n=23 1.02 (0.5575 - 1.835), n=40 0.6074
Ferritin (ng/mL) 66 (35.5 - 96.75), n=46 74 (36 - 169), n=17 59 (33 - 88), n=29 0.3011
hs troponin T (ng/L) 4 (2 - 9.75), n=54 4 (3 - 5), n=19 4 (2 - 13.25), n=34 0.863
LDH (U/L) 292 (226.5 - 379.3), n=48 320 (252.5 - 398.5), n=17 275 (220.8 - 363.5), n=30 0.2411
Total protein (g/L) 65 (59 - 68), n=74 64 (55.5 - 67.5), n=25 65 (59.5 - 68.75), n=48 0.4784
Albumin (g/L) 33 (29 - 36), n=76 33 (27.75 - 36.25), n=26 32 (29 - 35), n=49 0.8919
Total bilirubin (µmol/L) 5 (4 - 8), n=76 6 (5 - 10), n=25 4.5 (4 - 7.25), n=50 0.051
Conjugated bilirubin (µmol/L) 2 (2 - 3.75), n=76 3 (2 - 5), n=25 2 (2 - 3), n=50 0.0463
Alanine transaminase (U/L) 14 (10 - 21), n=112 15.5 (8.75 - 28.25), n=30 14 (10 - 19.5), n=81 0.5818
Aspartate transaminase (U/L) 25 (19 - 32), n=111 26.5 (17 - 40), n=30 24 (19.25 - 31), n=80 0.6872
Alkaline phosphatase (U/L) 118 (86 - 165), n=79 114 (89.5 - 158.8), n=26 127.5 (83.75 - 165.8), n=52 0.8641
Gamma-glutamyl transferase (U/L) 17 (9.25 - 46.25), n=76 22.5 (12.75 - 60.75), n=26 15 (7.5 - 41), n=49 0.1072
Interleukin 6 (pg/mL) 134.6 (3.7 - 271), n=3 134.6 (3.7 - 271), n=3 0 n/a

IQR = interquartile range; LDH = lactate dehydrogenase.
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in COVID‑19 has not yet been validated, it has been recommended 
for use by ISIDOG as well as a number of National Health Service 
trusts in the UK for use in COVID‑19, owing to its ease of use and 
its ability to detect subtle changes early. A similar tool has been 
advocated for by the National Committee on Confidential enquiries 
into Maternal Deaths, and is a component of the proposed maternity 
record; however, it is limited to the postpartum period.[1] Further 
research is needed on the use of scoring systems to triage pregnant 
women with COVID‑19.

A significant number of women in our cohort were considered 
obese by BMI, with 51% of those with a BMI available considered 
obese and 34% overweight. This number is higher than the 36% SA 
estimate for rates of obesity in pregnancy.[4] Data have shown a link 
between obesity and COVID‑19 infection in pregnancy: 48.6% of 
women with COVID‑19 were obese compared with 40.2% without 
COVID‑19 in the INTERCOVID study.[11] In addition, our centre is 
a referral site for complicated pregnancies, and women with obesity 
may have additional comorbidities requiring specialist input. 

Adolescent pregnancies accounted for 3.4% (n=7) of our cohort, the 
youngest being 14 years old at the time of delivery, highlighting both 
the global and national burden of adolescent pregnancy, something 
not spared by the COVID‑19 pandemic. Data from SA show that 9% 
of women aged 15 - 17 years old have begun childbearing, a number 
that increases to 16% if the age range is increased to 15 - 19 years.[28] 
Furthermore, there was a 60% increase in adolescent pregnancies in 
Gauteng Province, where our facility is based, between April 2020 
and March 2021, a phenomenon driven by lack of access to condoms 
and other contraceptives during the lockdowns associated with 
COVID‑19.[29] Globally, ~12 million women aged 15 - 19 give birth 
in developing countries.[30] Reassuringly, none of this age group in our 
cohort experienced severe COVID‑19 disease, nor did any require 
ICU admission or die.

HIV-positive women accounted for 33% of our cohort, a similar 
number to that seen by Budhram et  al.,[2] and in keeping with the 
estimated national prevalence of 30%.[31] However, only 69% were 
virologically supressed. Despite being in keeping with the rate of HIV 
viral suppression in national estimates, the rate of viral suppression 
of 69% in our study is concerning given SA’s aim to reach the Joint 
United Nations Programme on HIV and AIDS target of 95% viral 
suppression by 2030.[32] Nevertheless, we were reassured by the fact 
that only one HIV-positive woman died (1.5%), with no difference in 
mortality between HIV-positive and HIV-negative women (1.5%  v. 
1.4%, p=0.964). Furthermore, there was no difference in severity 
of disease nor an increased rate of ICU admission in HIV-positive 
women compared with HIV-negative women (6% v. 12%, p=0.22). 
These findings are similar to a non-pregnant cohort of HIV-positive 
patients from our hospital.[7]

We report a caesarean section rate of 60%, with one-third of these 
women undergoing caesarean section due to a previous operative 
delivery, and no women undergoing caesarean for COVID‑19-
related indications. While the rate of caesarean section in our 
cohort is higher than the SA rate of 28.6%, and far higher than 
the ‘ideal rate’ of 10% - 15% recommended by the World Health 
Organization, we believe the high number of caesarean deliveries 
is likely due to the level of care provided by our institution as a 
referral centre for the province.[1,33] Furthermore, in keeping with 
our setting as a referral centre for high-risk pregnancies, we report 
a higher rate of preterm deliveries (39%) than that seen in other 
studies. Similarly, we report 12 miscarriages (5.9%) and 8 (3.9%) 
stillbirths, rates not increased when compared with pre-pandemic 
studies, although it is unclear if COVID‑19 had any effect on these 
outcomes.[34,35]

In keeping with findings from other studies, pre-eclamptic women in 
our cohort were significantly more likely to have severe COVID‑19 
disease. It is unclear whether this was a ‘pre-eclampsia-like syndrome’ 
induced by COVID‑19, as reported by Mendoza et al.,[36] or de novo 
pre-eclampsia. Our facility does not have access to sFlt-1/PlGF 
testing, and uterine artery doppler indices were not recorded in the 
clinical records of the women included in our study.

Our cohort was made up mostly of women of black ethnicity, 
in keeping with the demographics of the population served by 
our facility, which gives further insight into COVID‑19 in women 
of BAME groups. Data from the USA and UK have shown worse 
outcomes among pregnant women in this group, as well as increased 
rates of infection when compared with pregnant women of white 
ethnicity. Internationally this is attributed to a number of factors, 
including differences in socioeconomic status. However, SA data 
on differences amongst racial groups are limited. Notably, the 
proportion of black patients in this cohort was significantly higher 
than in two previously published cohorts of patients with COVID‑19 
from our centre (99% v. 79%[37] and 84%[7]), even when corrected for 
age (99% v. 85%).

Notably, the majority of women in our cohort (78%) were in the 
third trimester of pregnancy, and those at earlier gestational ages who 
remained undelivered were not followed up. Neonatal outcome might 
correlate with timing of viral load/exposure during pregnancy and 
severity of maternal outcome, so more data are needed on COVID‑19 
exposure in early pregnancy and maternity outcomes.[38]

Strengths and limitations
Our study was limited by missing data owing to its retrospective 
nature. Data such as oxygen saturation and COVID‑19-specific 
laboratory tests were not performed on all patients, especially those 
with asymptomatic disease. We were also unable to follow up on 
women discharged from our institution undelivered, and therefore 
outcome data are not available in these women who were lost to 
follow-up. 

In terms of strengths, our study was the first to include the MEOWS 
score to identify severity of COVID‑19 in pregnancy, highlighting 
the possible importance of scoring systems in risk stratification of 
COVID‑19 in pregnancy. Additionally, we have been able to report 
on outcomes of COVID‑19 in adolescents who are pregnant. The 
single-centre nature of our cohort is also a strength in that all women 
received the same standard of care and treatment protocols, reducing 
confounding factors related to mortality and ICU admission.

Conclusion
COVID‑19 in pregnancy is a continuously evolving entity, and our 
study provides valuable insight into the profiles of pregnant women 
with COVID‑19, especially in a LMIC setting. Future research into 
the interactions between HIV and COVID‑19 in pregnancy, as well 
as the use of scoring systems such as the MEOWS score in COVID‑19 
in pregnancy, is needed.
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