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ABSTRACT

Background: Little data is available about COVID-19 outcomes among preghant women in sub-
Saharan Africa (SSA), where high-risk comorbidities are prevalent. We investigated the impact of
pregnancy on SARS-CoV-2 infection and of SARS-CoV-2 infection on preghancy to generate
evidence for health policy and clinical practice.

Methods: We conducted a six-country retrospective cohort study among hospitalized women of
childbearing age between March 1, 2020 and March 31, 2021. Exposures were 1) preghancy and
2) a positive SARS-CoV-2 RT-PCR test. The primary outcome for both analyses was intensive
care unit (ICU) admission. Secondary outcomes included supplemental oxygen requirement,
mechanical ventilation, adverse birth outcomes, and in-hospital mortality. We used log-binomial
regression to estimate the effect between pregnancy and SARS-CoV-2 infection. Factors
associated with mortality were evaluated using competing-risk proportional sub-distribution
hazards models.

Results: Our analyses included 1,315 hospitalized women: 510 pregnant women with SARS-
CoV-2; 403 non-pregnant women with SARS-CoV-2, and 402 pregnant women without SARS-
CoV-2 infection. Among women with SARS-CoV-2 infection, pregnancy was associated with
increased risk for ICU admission (adjusted risk ratio [aRR]=2.38, 95%CI:1.42—4.01), oxygen
supplementation (aRR=1.86, 95%CI:1.44-2.42) and hazard of in-hospital death (adjusted sub-
hazard ratio [aSHR]=2.00; 95%CI: 1.08-3.70). Among pregnant women, SARS-CoV-2 infection
increased the risk of ICU admission (aRR=2.0, 95%Cl:1.20-3.35), oxygen supplementation
(aRR=1.57, 95%ClI:1.17-2.11), and hazard of in-hospital death (aSHR=5.03;95%Cl:1.79-14.13).
Conclusions: Among hospitalized women in SSA, both SARS-CoV-2 infection and pregnancy
independently increased risks of ICU admission, oxygen supplementation, and death. These data
support international recommendations to prioritize COVID-19 vaccination among pregnant

women.
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40-WORD SUMMARY

In hospitalized African women, both SARS-CoV-2 infection and pregnancy independently
increased risks of morbidity and mortality. In addition, among preghant and non-pregnant women
with SARS-CoV-2 infection, HIV, prior TB, sickle cell anemia, and nongestational diabetes

increased risk of ICU admission.
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INTRODUCTION

Few studies have been published on the impact of SARS-CoV-2 infection on pregnancy in sub-
Saharan Africa (SSA). Poor maternal and child health outcomes coupled with a high prevalence
of communicable and noncommunicable diseases necessitate investigation of the impact of
SARS-CoV-2 in these settings [1]. Reports from mostly outside SSA suggest that SARS-CoV-2
infection in pregnant women is associated with increased risk for intensive care unit (ICU)
admission, invasive ventilation, and death when compared to similar-age, non-pregnant women
with SARS-CoV-2 infection [2-6]. The multinational INTERCOVID cohort study determined that
SARS-CoV-2 infection in pregnancy was associated with increased maternal and neonatal
morbidity and mortality, when pregnant women with (N=706) and without (N=1,424) SARS-CoV-
2 infection were compared [7]. However, it included only two (West) African countries (Ghana and
Nigeria), representing 5% of the cohort. Consequently, INTERCOVID was not powered to assess
outcomes across SSA and did not include a control group of non-pregnant women with SARS-

CoV-2 infection.

The African Forum for Research and Education in Health (AFREhealth) COVID-19 Research
Collaboration is a multi-disciplinary, pan-African consortium addressing maternal and child health
issues relevant to SARS-CoV-2 [1,8,9]. Routine data collected as part of institutional and national
COVID-19 responses are pooled from multiple countries and analysed to inform health policy and
clinical practice in SSA, where co-morbidities such as HIV, tuberculosis (TB), and malaria are
highly prevalent and access to/availability of COVID-19 prevention and treatment is low [1,10-12].
Here, we aimed to investigate the impact of pregnancy on SARS-CoV-2 infection and of SARS-
CoV-2 infection on pregnancy in SSA and to provide evidence for vaccination and other

prevention and treatment policy recommendations.
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METHODS

Study Design, Participants, and Settings

We conducted a retrospective cohort study comparing clinical outcomes among three cohorts: 1)
hospitalized pregnant women with RT-PCR-confirmed SARS-CoV-2 infection; 2) hospitalized
non-pregnant women with RT-PCR-confirmed SARS-CoV-2 infection; and 3) hospitalized
pregnant women without RT-PCR-confirmed SARS-CoV-2 infection and admitted for other
obstetrical or medical reasons. We pooled all available routinely collected COVID-19 data from
women of childbearing age hospitalized between March 1, 2020 and March 31, 2021 from 22
sites in 6 SSA countries: the Democratic Republic of Congo, Ghana, Kenya, Nigeria, South Africa,
and Uganda. Detailed information about sample size and power, participating sites, regulatory
approvals, SARS-CoV-2 RT-PCR testing platforms, and STROBE checklist [13] is available in e-

Tables 1, 2, 3, 4, 5 and e-Figures 3, 4.

Variables

The World Health Organization (WHO) COVID-19 pregnancy case report form was used to
extract demographic and clinical data from national or institutional COVID-19 datasets and/or
hospital charts/registers [14]. Data collected included age and pregnancy status; signs, symptoms
and WHO COVID-19 stage at admission; HIV serostatus; TB (active and past); malaria;
noncommunicable disease comorbidities; general clinical outcomes; and pregnancy-specific
outcomes, including miscarriage (<28 weeks’ gestation), stillbirth (>28 weeks’ gestation),
prematurity (<37 weeks), low infant birth weight (<2,500 grams), and mode of delivery (vaginal or
caesarean). For missing data on pre-existing comorbidities, we conservatively assumed that the

specific comorbidity was absent, to minimize bias.
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Statistical analysis

The two exposures of interest for the analyses (SARS-CoV-2 effect on pregnancy and vice versa)
were 1) documented pregnancy and 2) a positive SARS-CoV-2 RT-PCR test. The primary
outcome was ICU admission. Secondary outcomes included supplemental oxygen, mechanical
ventilation, pregnhancy/birth outcomes, and maternal/perinatal in-hospital mortality. All analyses

were performed using STATA software version 16.1 (StataCorp, College Station, TX, USA).

Comparison of COVID-19 outcomes by pregnancy status

We summarized baseline demographic and clinical characteristics using frequencies and
proportions stratified by pregnancy status (pregnant or non-pregnant). Risk ratios and associated
95% confidence intervals (Cls) estimated by log-binomial regression models were used to
measure the strength of association between pregnancy and outcomes. Demographic and
comorbidity variables associated with each outcome were explored using bivariable log-binomial
regression models, and those with p-values <0.10 were included in multivariable regression
models to identify potential confounders. To further explore the effect of confounding on our
estimates of pregnhancy effect on each outcome, an inverse probability-of-participation-based
weighting (IPPW) regression approach was also used to adjust our analysis for baseline
disparities. To estimate the weights, we first fitted a logistic regression model of “pregnant” versus
“not pregnant” as a function of baseline characteristics hypothesized as potential confounders,
including age, region, diabetes mellitus, HIV status, and history of TB. For each patient, we then
estimated the probability of pregnancy from the fitted model based on her characteristics. Finally,
we estimated the statistical weight for each patient as the inverse of her estimated probability of
being pregnant if the patient was pregnant, or the inverse of the probability of non-pregnancy if

the patient was not pregnant.
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Time-to-death was evaluated by competing risk analysis using cumulative incidence function, with
patient’s hospital transfer as a competing event and hospital discharge as a censoring event.
Factors associated with in-hospital mortality were estimated using Fine and Gray’s proportional
sub-distribution hazards model [15]. We used a multivariable proportional sub-distribution
hazards model to estimate the adjusted sub-distribution hazard ratios (aSHRs) and associated
95% Cls. We assessed the proportionality of sub-hazards assumption by including time
interactions on covariates in the model. Significant time-covariate interactions indicate violation
of the proportionality assumption. Furthermore, we examined interactions to assess whether a
synergistic effect existed between pregnhancy and HIV or TB for risk of ICU admission or death

among SARS-CoV-2-infected women

Comparison of pregnancy outcomes by SARS-CoV-2 RT-PCR result status

We summarized baseline demographic and clinical characteristics using frequencies and
proportions stratified by SARS-CoV-2 RT-PCR result status. A complete case analysis approach
was used for the primary and secondary outcomes, since the proportion of missing primary

outcomes data was low (<4%).

RESULTS

As shown on the patient flow diagrams (e-Figure 1, Panels A, B, C) and Table 1, we analyzed
data from 1,315 women in 6 SSA countries, including 510 pregnant women with SARS-CoV-2
infection, 403 non-pregnant women with SARS-CoV-2 infection, and 402 pregnant women without

SARS-CoV-2 infection.
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Comparison of SARS-CoV-2-infected women by pregnancy status

Demographics and Clinical Characteristics at admission

Pregnant women were younger than non-pregnant women, with median age of 30 years in both
pregnant SARS-CoV-2-infected and -uninfected women versus 33 years in non-pregnant, SARS-
CoV-2-infected women (Table 1). The geographic distribution of 913 women with RT-PCR-
confirmed SARS-CoV-2 infection was 271 (30%), 67 (7%), 229 (25%), and 346 (38%) from East,
West, Central, and Southern Africa regions, respectively. Most pregnant women (46%) with
SARS-CoV-2 were from Southern Africa, whereas most (37.2%) non-pregnant women with
SARS-CoV-2 were from Central Africa. Most (71.5%) pregnant women with SARS-CoV-2 and
known gestational age at admission were in the third trimester (Table 1). At admission, among
913 SARS-CoV-2-infected women, 43.6% had mild, 12.4% moderate, 35.9% severe, and 8.1%
critical COVID-19. Pregnant women were more likely to present with critical or severe disease

than non-pregnant women (50% vs. 37%, respectively, p<0.001).

Signs, Symptoms, and Comorbidities

Several symptoms or comorbidities were more common in SARS-CoV-2-infected pregnant (vs.
non-pregnant) women: cough (318/489, 65% vs. 229/396, 58%, p=0.028), history of previous TB
(21/510, 4% vs. 6/403, 2%, p=0.02), HIV infection (107/510, 21% vs. 30/403, 7%, p<0.001), and
acute malaria (15/510, 3% vs. 2/403, 1%, p=0.017). Non-pregnant women were more likely to
have fever (145/391, 37% vs. 144/478, 30%, p=0.03), chest pain (70/239, 29% vs. 66/407, 16%,
p<0.001), diarrhoea (23/248, 9% vs. 21/470, 4%, p=0.011), and a history of diabetes mellitus

(39/403, 10% vs. 24/510, 5%, p=0.003). Regional comorbidity distribution is shown in e-Table 6.
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Clinical Outcomes

Among 913 hospitalized women with SARS-CoV-2 infection, 1.3% had undocumented outcomes.
Among 901 women with documented outcomes, 85.8% were discharged, 8.0% died, 3.6% were
transferred to another facility, and 2.7% remained hospitalized at the end of data collection.
Patient flow diagrams (e-Figure 1, Panels A, B, C) show the proportion of women who were
admitted to an ICU, received supplemental oxygen or mechanical ventilation, or died, by
pregnancy and SARS-CoV-2 infection status. Figure 1 highlights key unadjusted findings:
pregnant women with SARS-CoV-2 infection were significantly more likely than non-pregnant
women with SARS-CoV-2 infection to be admitted to an ICU, require supplemental oxygen, and
die in-hospital. ICU admission rates among women with SARS-CoV-2 infection varied by region:
22% in West Africa, 14% in Southern Africa, 11% in East Africa, and in 10% Central Africa.
Regional differences in supplemental oxygen requirement, invasive ventilation, and mortality were

also noted (e-Figure 2).

e-Table 7 shows the association between potential confounders and pregnancy before and after
adjusting with IPPW. Figure 2 shows the unadjusted (Panel A) and IPPW-adjusted (Panel B)
comparison of outcomes between hospitalized pregnant and non-pregnant women with SARS-
CoV-2 infection. Adjusting for differences in age, HIV status, diabetes, region, and history of
previous TB, being pregnant was associated with a significantly higher risk of ICU admission
(adjusted RR [aRR]= 2.38, 95% CI: 1.42-4.01). More pregnant than non-pregnant women
received supplemental oxygen, adjusting for baseline differences (aRR=1.81, 95% CI: 1.30—
2.50). Among SARS-CoV-2-infected women, 51 (10%) pregnant women died, compared to 21
(5%) non-pregnant women. In unadjusted analyses, pregnancy increased the risk of death by
more than 90% (RR=1.94, 95% CI: 1.19-3.17). In IPPW-adjusted analyses, pregnancy remained
marginally associated with a higher risk of mortality (aRR=1.66, 95% CI: 0.95-2.88).

Page | 12



Table 2 summarizes factors associated with ICU admission for all women with SARS-CoV-2
infection, after adjusting for pregnancy status and region. Living with HIV, history of previous TB,
diabetes, and sickle cell disease were independently associated with higher risk of ICU
admission. Adjusting for pregnancy status and region, women with multiple (>1) comorbidities
had significantly higher risk of ICU admission vs. women without comorbidities. No synergistic
interaction was observed between pregnancy and HIV or TB for risk of ICU admission or death

among SARS-CoV-2-infected women.

e-Table 8 shows associations between demographic and clinical factors and the hazard of in-
hospital mortality in all women with SARS-CoV-2 infection, using Fine and Gray’s model. In this
competing risk analysis, being pregnant was significantly associated with an increased hazard of
in-hospital death (Figure 3, Panel A). Furthermore, adjusting for pregnancy status and region,
chronic kidney disease, asthma, and diabetes were independently associated with risk of death.
Women with multiple comorbidities were at increased risk of death compared to those without
comorbidities (Figure 3, Panel B). Residing in Southern or West Africa was associated with

higher risk of mortality compared to East African residence (Figure 3, Panel C).

Comparison of pregnant women by SARS-CoV-2 infection status

Demographics, Clinical Characteristics, and Mortality

We compared 510 SARS-CoV-2-infected pregnant women (e-Figure 1, Panel A) to 402 SARS-
CoV-2-uninfected pregnant women (e-Figure 1, Panel C). There were no significant differences
in demographic and clinical characteristics between SARS-CoV-2-infected and -uninfected
pregnant women, except for regional residence, as shown in Table 1. Figure 2 shows the
unadjusted (Panel C) and IPPW-adjusted (Panel D) comparisons of ICU admission, need for

supplemental oxygen, mechanical ventilation, and death between pregnant SARS-CoV-2-
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infected and -uninfected women. SARS-CoV-2 infection increased the risk of ICU admission,
receiving oxygen supplementation, and maternal death. In a competing risk analysis, SARS-CoV-
2-infected (vs. uninfected) pregnant women had a five-times greater hazard of in-hospital death

(Figure 3, Panel D).

Pregnancy and Perinatal Outcomes

Among 510 SARS-CoV-2-infected pregnant women, 32% had not delivered at the time of data
collection and 19% had missing information; among 402 SARS-CoV-2-uninfected pregnant
women, 5% had not delivered at the time of data collection and 9% had missing information.
Among 250 SARS-CoV-2-infected pregnant women with documented pregnancy outcomes, 213
(85%) had live births and 37 (15%) experienced foetal loss [14 miscarriages, 2 induced abortion,
and 21 stillbirths] (e-Table 9). Among 345 SARS-CoV-2-uninfected pregnant women with
documented pregnancy outcomes, 302 (88%) had live births and 43 (12%) experienced foetal
loss [24 miscarriages, 2 induced abortion, and 17 stillbirths]. Caesarean delivery was more
frequent among SARS-CoV-2-infected than -uninfected women (RR=1.56, 95% CI: 1.29-1.89),
and the proportions of preterm (69/213, 32% vs. 94/302, 31% respectively, p=0.87) and low birth
weight infants (72/213, 34%vs. 97/314, 31%, p=0.71) were similar. Early neonatal in-hospital
death occurred among 4% and 3% infants of SARS-CoV-2-infected and -uninfected mothers,

respectively (RR=1.46, 95% CI: 0.56-3.84).

DISCUSSION

In this large multi-country cohort analysis in SSA, we found that among women with SARS-CoV-
2 infection, pregnancy independently increased the risk of in-hospital morbidity (ICU admission

or supplemental oxygen requirement) and, in competing risk analyses, increased hazard of in-
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hospital death. Among pregnant women, SARS-CoV-2 infection independently increased the risk
of ICU admission, oxygen supplementation, and death. Furthermore, among all (pregnant and
non-pregnant) women with SARS-CoV-2 infection, HIV infection, prior TB, sickle cell anemia, and

non-gestational diabetes increased the risk of ICU admission.

Similar to our findings, the 18-country INTERCOVID study (including Ghana and Nigeria) reported
higher risks of ICU admission and mortality among pregnant women with (N=706) vs. without
(N=1,424) SARS-CoV-2 infection [7]. However, unlike our study, INTERCOVID included non-
hospitalized asymptomatic women and did not include non-pregnant women with SARS-CoV-2
infection. Analysis of two smaller cohorts of SARS-CoV-2-positive pregnant women from DR
Congo (N=12) and Ethiopia (N=27) did not find associations between pregnancy and adverse
outcomes, likely due to small numbers and/or lack of control groups [17,18], and an initial US
retrospective cohort study found pregnancy associated with higher morbidity but not mortality [16].
In contrast, in a U.S. Centers for Disease Control and Prevention report on a larger cohort of
women (23,434 pregnant and 386,028 non-pregnant) with SARS-CoV-2 infection, pregnancy was
associated with a 1.7 times (95% CI 1.2-2.4) increased risk of mortality in adjusted analyses [2].
Similarly, a Mexican study including more than 260,000 SARS-CoV-2-infected women found that
pregnancy increased the risk of death among women aged 15 to 44 years by 61% [19]. These
large studies corroborate our findings: in an adjusted competing-risk analysis, pregnancy

increased hazard of maternal death two-fold among SARS-CoV-2-infected women.

Pregnant and non-pregnant women with SARS-CoV-2 infection who were living with HIV or had
prior history of TB had a nearly two-fold increased risk of ICU admission compared to those
without these chronic infections. Published data on the impact of HIV on SARS-CoV-2 infection
outcomes have been conflicting [6, 20, 21]. However, a recent data analysis by the WHO found
that HIV in hospitalized adults was independently associated with a 1.29 times higher risk of death
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from SARS-CoV-2 infection after adjusting for age, sex, and underlying conditions [22]. Our
finding of an association between prior TB and COVID-19 severity may reflect decreased
pulmonary reserve due to post-TB sequelae, as described by Tadolini et al. [23]. The finding of
higher rates of acute malaria in pregnant vs. non-pregnant women with SARS-CoV-2 infection
was expected, as pregnant women are more susceptible to malaria due to hormonal and
immunological changes [24]. We also found higher rates of diabetes mellitus among non-pregnant
vs. pregnant women with SARS-CoV-2 infection, but lack of detailed data limits interpretation.
Furthermore, the association between sickle cell anaemia and ICU admission calls for further
investigation on the impact of asplenia and hemoglobinopathy on COVID-19. Finally, we found a
higher risk of ICU admission and/or supplemental oxygen use and mortality in Southern and West
Africa compared to Eastern Africa, which may reflect regional differences in health system
capacities (Southern Africa has the strongest health infrastructure and higher capacity for ICU
admissions) and/or severity of SARS-CoV-2 infection related to variant virulence, regional
prevalence of HIV infection (highest in Southern Africa), or other unmeasured confounding

factors.

Regarding pregnancy-specific outcomes, we found a high rate of caesarean delivery among
SARS-CoV-2-uninfected pregnant women. This is likely attributable to our study sites, which
comprise referral hospitals where caesarean rates are typically higher than in local hospitals and
clinics. SARS-CoV-2-uninfected women were tested secondary to suspected COVID-19
symptoms in our study and may represent a group at higher risk for pregnancy complications
compared to pregnant women in general, due to other unmeasured factors. Data on whether
SARS-CoV-2 infection is a risk factor for stillbirth are inconsistent [4, 25-27]. Among pregnhant
women with known pregnancy outcomes in our cohort, the rates of stillbirth, miscarriage, pre-term

birth, and low birthweight did not differ based on SARS-CoV-2 infection status. However, our
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analyses are likely underpowered and are in contrast with INTERCOVID results, which
documented that pregnant women with SARS-CoV-2-infection had higher rates of preterm birth

and stillbirth [7]

Our study had some limitations. First, the retrospective cohort design limited collection of some
variables of interest (e.g., body mass index) and relied on pooling of available pregnancy data at
the time of retrieval from heterogeneous sites in SSA. The establishment of a pregnancy COVID-
19 registry has proved challenging in SSA. However, the WHO has set up a global COVID-19
pregnancy prospective cohort study from multiple countries (including in Africa) that will minimize
recorder bias [28]. Second, given that comparison groups were not evenly distributed
geographically, some identified differences might be explained by regional variations (e.g., HIV
prevalence and health infrastructure). Third, we studied only symptomatic women whose
symptoms prompted SARS-CoV-2 RT-PCR testing and hospitalization, which included
heterogenous control groups with a range of illnesses that could also be associated with adverse
pregnancy outcomes, potentially leading to a dilution of differences. Finally, our findings are not
necessarily generalizable to asymptomatic pregnant women with SARS-CoV-2 infection who

were not hospitalized.

Our findings have important clinical and public health implications. First, given the increased
morbidity and mortality in both pregnant vs. non-pregnant women with SARS-CoV-2 infection and
in pregnant women with vs. without SARS-CoV-2 infection [4, 29-31], pregnant women (among
other at-risk groups) should be prioritized for COVID-19 vaccination in African countries, where
vaccine supply is limited but steadily increasing [32, 33]. Although pregnancy was an exclusion
criterion in early COVID-19 vaccine and SARS-CoV-2 treatment trials, more trials are enrolling

pregnant women [34], preliminary reports do not demonstrate safety issues for pregnant women
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receiving mRNA vaccines [35, 36], and several systematic reviews find COVID-19 vaccination in
pregnant and lactating individuals is immunogenic, safe with respect to vaccine-related adverse
events and obstetrical and neonatal outcomes, and effective [37-40]. Finally, further research is
needed to better understand the pathogenesis and optimal management of SARS-CoV-2 infection

in pregnancy.
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Table 1. Demographic and Clinical Characteristics by Pregnancy and
SARS-CoV-2 Infection Status

Study Groups

SARS-CoV-2-infected

Pregnant Women

SARS-CoV-2-infected
Non-Pregnant Women

SARS-CoV-2-uninfected
Pregnant Women

N=510* N=403 N=402
No. % No. % No. %

Region
East Africa 141 28 130 32 98 2
West Africa 56 11 11 3 18 4
Central Africa 79 16 150 37 101 25
Southern Africa 234 46 112 28 185 46
Age group, years
11-17 4 1 2 1 5 1
18-24 83 16 46 12 85 21
25-34 278 55 181 45 215 54
35-44 110 27 144 36 95 24
45-49 1 0 20 5 0 0

=50 0 8 2 0 0
Missing/unknown 2 2 2
Median age (IQR), years 30 (26 — 35) 33 (28 — 38) 30 (25 - 34)
WHO COVID-19 Stage at
admission
Mild 168 33 230 57 N/A N/A
Moderate 89 18 24 6 N/A N/A
Severe 201 39 127 32 N/A N/A
Critical 52 10 22 6 N/A N/A
Gestational age at
admission

0 - 12 weeks 29 6 N/A N/A 18 5
13 - 27 weeks 100 21 N/A N/A 68 17
28 - 42 + weeks 336 72 N/A N/A 308 79
Missing/unknown 5 0 10
Median (IQR) length of 8 (5-12) 9 (5-15) 2 (1-7)

hospital stay, days**

IQR = interquartile range; N/A = not applicable
*Includes 12 women from the Democratic Republic of the Congo cohort in Nachega et al. study!” and 100 women
from the South Africa cohort in de Waard et al. study.'°**Median length of hospital stay between pregnant and non-
pregnant women with SARS-CoV-2 infection was not significant; however, there was a statistically significant
difference between hospital stay for SARS-CoV-2-infected vs -uninfected pregnant women, (p<0.001).

Page | 27




Table 2. Factors Associated with Intensive Care Unit (ICU) Admission among Pregnant
and Non-Pregnant Women with SARS-CoV-2 Infection

Variable N Admitted Unadjusted RR P-value Adjusted RR* P-Value
to ICU (95% CI) (95% CI)
n (%)

Pregnancy Status

Non-pregnant 403 27 (7) 1 1

Pregnant 510 95 (19) 2.78 (1.85-4.18) <0.001 2.73 (1.74 - 4.28) <0.001

Region

East Africa 271 31 (11) 1 1

West Africa 67 15 (22) 1.96 (1.12 - 3.41) 0.018 1.13 (0.56 — 2.26) 0.73

Central Africa 176 17 (10) 0.99 (0.61 —1.62) 0.98 1.17 (0.68 — 2.01) 0.56

Southern Africa 346 50 (14) 1.26 (0.83-1.92) 0.27 0.76 (0.44 — 1.30) 0.32

Age group, years

11— 17 11 1(9) 1

18-24 204 20 (10) .55 (0.08 — 3.62) 0.54

25-34 622 59 (10) 0.74 (0.12 — 4.49) 0.74

35-44 349 36 (10) 0.73 (0.12 - 4.52) 0.74

45 - 49 21 2 (10) 0.57 (0.06 —5.27) 0.62

50+ 8 3(8) 2.25(0.30 - 16.63) 0.43

WHO disease stage

Mild/Moderate 511 16 (3) 1

Severe/Critical 402 106 (26) 8.42 (5.06 — 14.01) <0.001

HIV-positive status

No 776 90 (12) 1 1

Yes 137 32 (23) 2.01 (1.40 - 2.89) <0.001 1.94 (1.18 — 3.18) 0.009

Viral load

Undetectable 47 12 (26) 1

Detectable 13 4 (31) 1.21 (0.47 - 3.12) 0.70

CD4 count (cells/mm3)

2200 75 16 (21) 1

<200 25 7 (28) 1.31(0.—2.82) 0.49

History of TB

No 886 112 (13) 1 1

Yes 27 10 (37) 2.93 (1.74 — 4.93) <0.001 2.32 (1.17 — 4.58) 0.015

Hypertension

No 783 96 (12) 1 1

Yes 130 26 (20) 1.63 (1.10 - 2.41) 0.014 1.37 (0.82 -2.31) 0.23

Diabetes mellitus

No 850 107 (13) 1 1

Yes 63 15 (24) 1.89 (1.18 — 3.04) 0.009 2.01 (1.04 - 3.86) 0.036

Chronic neurological disorder
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No 911 121 (13) 1 1

Yes 2 1 (50) 3.76 (0.93 — 15.20) 0.06 1.02 (0.12 - 8.49) 0.99
Chronic cardiac disease

No 897 117 (13) 1 1

Yes 16 5 (31) 2.40 (1.14 - 5.05) 0.043 1.76 (0.66 — 4.70) 0.26
Chronic pulmonary disease

No 909 119 (13) 1 1

Yes 4 3(75) 5.73 (3.17 — 10.34) <0.001 1.90 (0.53 — 6.82) 0.32
Acute malaria

No 898 119 (13) 1

Yes 15 3(20) 1.51 (0.54 — 4.21) 0.43
Asplenia due to sickle cell disease

No 909 119 (13) 1 1

Yes 4 3(75) 5.73 (3.18 — 10.34) <0.001 6.23 (1.67 — 23.29) 0.007
Cancer

No 910 121 (13) 1

Yes 3 1(33) 2.51 (0.50 — 12.53) 0.26

*Log-binominal regression model adjusted for pregnancy status, age, region, non-communicable disease (chronic cardiac
disease, hypertension, diabetes mellitus, chronic pulmonary diseases, chronic neurologic diseases, asplenia) and
communicable disease (HIV status and history of tuberculosis) comorbidities. WHO COVID-19 staging is not included in
multivariable analyses, because its components are in the causal pathway of the primary ordinal outcome.
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Figures 1, 2, 3 and Legends
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Figure 1. Clinical Outcomes among Pregnant SARS-CoV-2-infected vs. Non-pregnant
SARS-CoV-2-infected vs. Pregnant SARS-CoV-2-uninfected Women (Total N = 1,315)
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Figure 2. Unadjusted (Panel A) and Adjusted (Panel B) Comparisons of Outcomes between Pregnant (N=510) and
Non-pregnant (N=403) Women with SARS-CoV-2 Infection
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Figure 2. Unadjusted (Panel C) and Adjusted (Panel D) Comparisons of Outcomes between SARS-CoV-2-infected
Pregnant Women (N=510) and SARS-CoV-2-Uninfected Pregnant Women (N=402)

Note: The analysis supporting Panels B and D used inverse probability of participation-based weighting (IPPW)

to adjust confounding.
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Figure 3: Cumulative Incidence Functions for in-Hospital Mortality in SARS-CoV-2 Infected Women according to Pregnancy Status
(Panel A), Number of Comorbidities (Panel B), Region (Panel C), and by SARS-CoV-2 Infection Status in Pregnant Women (Panel D).
aSHR: adjusted sub-distribution Hazard Ratio
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