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Objectives: To identify factors associated with adverse maternal outcomes during the coronavirus disease 2019 

(COVID-19) pandemic. 

Methods: This was a single-centre prospective cohort study at a maternity department in a public general hospital 

in Rio de Janeiro. All pregnant women evaluated for emergency care, labour and delivery, respiratory symptoms, 

obstetric reasons or medical reasons between May 2020 and March 2022 at the study institution were invited to 

enrol in this study. The endpoint was maternal mortality or intensive care unit (ICU) admission. 

Results: In total, 1609 pregnant women were enrolled in this study. Of these, 25.5% ( n = 410) were infected with 

severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) based on reverse transcription polymerase chain 

reaction or an antigen test. There were 21 deaths and 67 ICU admissions in 4% of the cohort. The incidence 

of severe maternal morbidity and mortality was higher during the Gamma wave than during the Delta wave 

( P = 0.003). Vaccination conferred protection against the endpoint [relative risk (RR) 0.4, 95% confidence interval 

(CI) 0.1–0.9; P = 0.0169]. Factors associated with severe morbidity and mortality included caesarean section (RR 

3.7, 95% CI 1.7–7.9; P = 0.0008), SARS-CoV-2 infection in the third trimester (RR 2.4, 95% CI 1.1–5.6; P = 0.0006) 

and comorbidities (RR 3, 95% CI 1.8–5.2; P < 0.0001). 

Conclusions: COVID-19 was significantly associated with the risk of severe maternal morbidity and mortality. 

Immunization of pregnant women against COVID-19 was highly protective against adverse outcomes, and should 

be encouraged during pregnancy. 
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Over 365,000 cases of coronavirus disease 2019 (COVID-19) and

000 deaths have been reported among pregnant women in the Ameri-

as; many of these patients were already critically ill when hospitalized

25] . The study of severe maternal morbidity and mortality is an ef-

ective proxy measure of trends in maternal mortality, and is widely

tilized in both developed and developing countries [11] . Pregnancy

ncreases the frequency of severe maternal morbidity and mortality fol-

owing viral infections [36] . Data from influenza A/H1N1 [ 13 , 30 ], se-

ere acute respiratory syndrome [38] , Middle East respiratory syndrome

1] and COVID-19 [ 32 , 37 ] outbreaks demonstrate that pregnant women

re at greater risk of severe maternal outcomes following infection with
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hese respiratory viruses. In this study, severe maternal morbidity and

ortality was defined as a life-threatening condition requiring admis-

ion to an intensive care unit (ICU) or death. 

When the COVID-19 pandemic reached Rio de Janeiro and commu-

ity transmission began, health resources were redeployed to address

he crisis. Like other at-risk populations, pregnant women were advised

o remain at home to avoid potential exposure to severe acute respira-

ory syndrome coronavirus-2 (SARS-CoV-2). Despite these policies, ma-

ernal mortality in the state and throughout Brazil during the pandemic

2020–2021) increased compared with the pre-pandemic period (2018–

019) [ 10 , 31 ]. In response to the pandemic, healthcare institutions allo-

ated staff and infrastructure to receive and treat pregnant women with

OVID-19. 
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In March 2021, the Brazilian Ministry of Health authorized COVID-

9 vaccination for pregnant women with comorbidities. At that time,

oronaVac (whole inactivated SARS-CoV-2, Sinovac Biotech/Butantan

nstitute, São Paulo, Brazil), the AstraZeneca adenovirus viral vec-

or vaccine (Oxford/Biomanguinhos, Rio de Janeiro, Brazil) and the

NT162b2 mRNA vaccine (Pfizer-BioNTech, Kalamazoo, MI, USA) were

uthorized for use in Brazil. In mid-May 2021, the Ministry of Health

alted administration of the AstraZeneca vaccine to pregnant women,

nd this suspension has remained in place ever since. In late June 2021,

OVID-19 vaccination was made available to all pregnant women in

razil, including those without comorbidities. In September 2021, the

inistry of Health issued guidance recommending that pregnant women

hould receive either BNT162b2 or CoronaVac. To date, few studies

ave investigated the effectiveness of inactivated vaccines for reducing

evere maternal morbidity and mortality [15] . This article reports the

esults of a longitudinal prospective study in a maternity unit of a gen-

ral hospital which recruited pregnant women evaluated for a clinical

r obstetric reason during the course of their pregnancy. The objective

f the study was to investigate factors associated with severe maternal

orbidity and mortality during the COVID-19 pandemic. In addition,

aternal mortality rates at the institution pre-pandemic and during the

OVID-19 pandemic were compared. 

ethods 

etting 

This prospective cohort study was performed at Adão Pereira Nunes

eneral Hospital, an emergency clinical care unit that provides special-

zed care for medium- and high-risk pregnancies in a low-income region

f the state of Rio de Janeiro. Approximately 15,000 consultations oc-

ur each year, with 4200 admissions and 3400 deliveries. The hospital

ad 51 beds including 17 ICU beds prior to the pandemic, and this was

ncreased by 90 additional ICU beds during the pandemic period. 

All pregnant women evaluated at the maternity department for clini-

al emergency care, labour and delivery, any respiratory symptoms, any

bstetric reasons or any clinical reasons between May 2020 and March

022 were invited to participate in this study, irrespective of whether

r not they presented with clinical signs and symptoms of COVID-19. 

Study procedures included collection of a nasopharyngeal speci-

en for testing for SARS-CoV-2 via real-time reverse transcription poly-

erase chain reaction or a rapid antigen detection test provided by the

razilian Single Unified Health System. Screened participants were en-

olled in the study after their test results became available. Participants

ho were enrolled before delivery and tested negative were retested

pon admission for labour and delivery. If the second test near deliv-

ry was positive, the participant was reclassified as positive. Partici-

ants with both positive and negative results were enrolled and followed

hrough delivery, hospital discharge and post partum for 42 days. 

xposures and outcomes 

The exposure variables were trimester of pregnancy at study enrol-

ent, race/ethnicity, number of prenatal visits, caesarean delivery, ma-

ernal comorbidities, and history of SARS-CoV-2 vaccination. These vari-

bles were selected because they are known causes of maternal mortal-

ty in low-income countries, and because they have been investigated in

revious studies of risk factors for severe morbidity and mortality among

omen with SARS-CoV-2 during pregnancy [20] . The number of prena-

al visits was converted into a binary variable representing whether or

ot the participant completed the minimum number of prenatal visits

i.e. four) based on national guidelines [4] . The exposure variables were

tratified by SARS-CoV-2 infection status. 

The outcome was maternal mortality or severe morbidity, defined

s ICU admission as a proxy for a life-threatening condition. A COVID-

9-associated death after SARS-CoV-2 infection during pregnancy was
2 
efined as the death of a person with a positive test during pregnancy

ho subsequently died in pregnancy or within 42 post partum. Addi-

ionally, women identified with SARS-CoV-2 infection were categorized

ccording to the COVID-19 disease classification of the National Insti-

utes of Health [24] as asymptomatic or with mild, moderate, severe or

ritical disease. 

tatistical analysis 

The study was divided into periods corresponding to the specific lo-

al circulation of SARS-CoV-2 variants based on the most abundant cir-

ulating lineage according to regional genomic surveillance [5] . The

roxy periods were 15 May–4 October 2020 for the B.1.1.33 variant, 5

ctober 2020–18 January 2021 for the Zeta variant, 19 January 19–21

une 2021 for the Gamma variant, 22 June–10 December 2021 for the

elta variant, and 11 December 2021–6 March 2022 for the Omicron

ariant. The number of primary outcomes was tallied per proxy period,

nd the incidence of severe maternal morbidity and mortality events per

00,000 was compared by wave. In addition, a Cochran–Mantel–Hansel

est was performed to assess if there was a significant association be-

ween each exposure variable and severe maternal morbidity and mor-

ality, stratified for SARS-CoV-2 infection. The incidence of maternal

ortality was calculated for the site during the pre-pandemic (2018–

019) and pandemic (2020–2021) periods. The incidence of maternal

ortality was calculated as the number of pregnant women who died

numerator) divided by the total number of live births (denominator)

t the study institution. The maternal mortality rates in 2018–2019 and

020–2021 were compared using a Farrington–Manning test. Statistical

nalysis was performed using SAS 9.4. 

thical approval 

The study was reviewed and approved by the Brazilian National

thics Committee on 5 May 2020 (CAAE: 30639420.0.0000.5262), and

onducted in accordance with principles of the Code of Ethics of the

orld Medical Association (Declaration of Helsinki) and Good Clini-

al Practice guidelines of the International Conference on Harmoniza-

ion, with general principles of protection of humans participating in

esearch. With respect to risk level, taking a swab for the diagnosis of

ARS-CoV-2 infection was a study procedure, but was not the standard

f care upon admission to the maternity department. The informed study

onsent form described this risk of the study procedure, and written con-

ent was provided by the participant (or their legal representative when

articipants were unable to provide informed consent for themselves). 

esults 

In total, 1787 pregnant women were screened for study participa-

ion, with 1609 evaluable singleton pregnancies available for final anal-

sis (hereafter ‘the cohort’) ( Figure 1 ). The frequency of SARS-CoV-2

nfection at enrolment was 27.6% ( n = 494). This included some partici-

ants with missing data on covariates, who were subsequently excluded,

s discussed below. The median maternal age was 26 years (interquartile

ange 22–31) ( Table 1 ). Most participants self-reported being of black or

ixed race. In total, 557/1609 (34.6%) patients were vaccinated [282

18%) with inactivated virus vaccine; 81 (5.2%) with adenovirus vec-

or vaccines, 270 (17.2%) with the mRNA vaccine and 20 (1.3%) with

eterologous vaccination doses]. A subset of 260/1609 women (16.2%)

ere enrolled before SARS-CoV-2 vaccines became available in April

021. 

A total of 70 participants (4.4%) reached the endpoint of ICU admis-

ion ( n = 67) or death ( n = 21). Of these, 55/70 (79%) participants had

onfirmed COVID-19. The most common reasons for ICU admission were

espiratory failure ( n = 59, 84%), pre-eclampsia ( n = 7, 10%), sepsis ( n = 6,

%), haemorrhage requiring transfusion ( n = 3, 4%), pulmonary throm-

oembolism ( n = 1, 1%) and pulmonary oedema ( n = 1, 1%). Among the
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Figure 1. Flow chart of participants enrolled in the analysis ( n = 1609 final par- 

ticipants; of these, 410 were severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) positive and 1199 were SARS-CoV-2 negative). Loss to follow-up 

indicates that no further data were available beyond the enrolment visit. Pos- 

itive denotes results following screening by reverse transcription polymerase 

chain reaction or a rapid antigen test at enrolment, or near labour and delivery. 

Table 1 

Demographics, and clinical and obstetric characteristics of the 

study participants. 

Median maternal age (IQR) ( n = 1609), years 26 (22–31) 

Race ( n = 1546), n (%) 

White 219 (14.2%) 

Non-white 1327 (85.5%) 

COVID-19 morbimortality ( n = 410), n (%) 

Asymptomatic 121/410 (29.5%) 

Mild/moderate 247/410 (60.2%) 

Severe/critical 42/410 (10.2%) 

Vaccinated (among 1609 women) a , n (%) 557 (34.6%) 

Type of vaccine (n = 557), n (%) 

Ad26.COV2.S 3 (0.5%) 

BNT162b2 233 (41.8%) 

ChAdOx1 nCov-19 60 (10.8%) 

Coronavac 245 (44%) 

Heterologous 16 (2.9%) 

Median parity (IQR) ( n = 1609), n 2 (1–3) 

Trimester at enrolment ( n = 1609), n (%) 

First 108 (6.7%) 

Second 261 (16.2%) 

Third 1240 (77.1%) 

Medical comorbidities ( n = 1609), n (%) 

Anaemia 117 (7.3%) 

Asthma 85 (5.3%) 

Chronic hypertension 160 (9.9%) 

Pre-pregnancy BMI > 30 kg/m 

2 77 (4.8%) 

Obstetric complications ( n = 1609), n (%) 

Pre-eclampsia 328 (20.4%) 

HELLP syndrome 4 (0.2%) 

Gestational diabetes 105 (6.5%) 

Birth outcomes ( n = 1609), n (%) 

Vaginal delivery 841 (52.3%) 

Caesarean section 668 (41.5%) 

Stillbirth or miscarriage 100 (6.2%) 

IQR, interquartile range; COVID-19, coronavirus disease 2019; 

BMI, body mass index; HELLP, haemolysis, elevated liver en- 

zymes, low platelets. 
a In total, 1349 participants were recruited after vaccines be- 

came available to pregnant women. 
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1 deceased participants, 18 (86%) were admitted to the ICU (median

uration of hospitalization 8 days) and 17 (81%) required invasive me-

hanical ventilation. Among the participants who died, 86% (18/21)

ad a diagnosis of COVID-19. In total, six participants died during preg-

ancy (29%) and 15 (71%) died after a live birth (median of 13 days post

artum); 12 of the latter were caesarean deliveries (80%). Six women

ho died (28.5%) had underlying medical conditions, including chronic

ypertension ( n = 1), obesity ( n = 3), diabetes ( n = 1) and pre-existing pul-
3 
onary disease ( n = 1). The maternal mortality rate during the pandemic

2020 and 2021) at the study institution was 415 per 100,000 live births.

n contrast, in the pre-pandemic years (2018 and 2019), the maternal

ortality rate at the study institution was 225 per 100,000 live births

 P = 0.035). 

The median interval from symptom onset to severe maternal mor-

idity and mortality was 6 days. Five (1.9%) women with severe mater-

al morbidity and mortality were vaccinated and 68 (5.1%) were un-

accinated. Vaccination significantly reduced the risk of severe mater-

al morbidity and mortality ( P = 0.0169). The reduction in relative risk

RR) was greater for pregnant women infected with SARS-CoV-2 com-

ared with uninfected pregnant women ( Figure 2 ). Among 70 partici-

ants with severe maternal morbidity and mortality, 38 (54.3%) were

ecruited before vaccination was made available to pregnant women,

nd 32 (45.7%) were recruited afterwards. Among 32 participants with

evere maternal morbidity and mortality who enrolled in the study

fter vaccines became available, 29 were unvaccinated (90.6%) and

hree (9.4%) were partially vaccinated with one dose of the BNT162b2

accine. In total, 410 of 494 participants (83%) infected with SARS-

oV-2 at study entry had complete data on vaccination and other co-

ariates, and thus were included in the final analysis ( Table 1 ). With

espect to clinical characteristics, 121/410 (29.5%) participants were

symptomatic and 289/410 (70.5%) were symptomatic (critical/severe

 = 42, mild/moderate n = 247). Of the symptomatic participants, 83/289

28.7%) were hospitalized. In total, 22/83 (26.5%) patients required

xygen therapy and 9/83 (10.8%) required invasive ventilation; extra-

orporeal membrane oxygenation was not available. None of the in-

ected asymptomatic pregnant women died or required admission. 

In total, there were 11 severe maternal morbidity and mortality

vents among 47 participants enrolled during the B1.1.1.33 wave (23%),

ine events among 80 women recruited during the Zeta wave (11.3%),

0 events among 439 women recruited during the Gamma wave (6.8%),

0 events among 670 women recruited during the Delta wave (3%), and

o events among 329 participants recruited during the Omicron wave

 Figure 3 ). The RR of a severe maternal morbidity and mortality event

as 10.5 [95% confidence interval (CI) 5.5–20] during the B.1.1.33

ave, 5.9 (95% CI 2.6–13.3) during the Zeta wave, 5.8 (95% CI 3.3–

0) during the Gamma wave, 3.4 (95% CI 1.7-6.9) during the Delta

ave, and zero during the Omicron wave ( Figure 3 ). This is equivalent

o 6833 severe maternal morbidity and mortality events per 100,000

uring the Gamma wave and 2895 during the Delta wave (Fisher’s exact

est P = 0.003). Comparing waves, the risk of severe maternal morbidity

nd mortality was 2.4 times higher during the Gamma wave compared

ith the Delta wave. 

There was an overall association between caesarean delivery and

evere maternal morbidity and mortality after adjusting for SARS-CoV-

 infection ( P = 0.004) ( Figure 2 ). The RR of severe maternal morbidity

nd mortality was greater for pregnant women infected with SARS-CoV-

 who underwent caesarean delivery compared with pregnant women

ho were not infected with SARS-CoV-2 who underwent caesarean de-

ivery. The RR was also greater among participants who enrolled dur-

ng the third trimester of pregnancy compared with the first or second

rimesters ( P = 0.011). Comorbidities increased the RR of severe maternal

orbidity and mortality approximately three-fold regardless of whether

r not women were infected with SARS-CoV-2 ( P < 0.0001). Finally, there

as a trend towards increased risk of severe maternal morbidity and

ortality associated with pre-eclampsia and HELLP (haemolysis, ele-

ated liver enzymes, low platelets) syndrome ( P = 0.11). 

iscussion 

In the study cohort, the risk of severe maternal morbidity and mor-

ality was lower among pregnant women who were vaccinated against

ARS-CoV-2, and increased in women who underwent a caesarean sec-

ion; had SARS-CoV-2 infection in the third trimester of pregnancy;

nd had comorbidities including asthma, chronic hypertension and obe-
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Figure 2. Severe acute respiratory syndrome coronavirus-2 ( SARS-CoV-2) stratified analysis of exposures during pregnancy and risk of severe maternal morbidity 

and mortality. SARS-CoV-2 positivity was based on reverse transcription polymerase chain reaction or SARS-CoV-2 rapid antigen test. Red lines, SARS-CoV-2-positive 

patients; green lines, SARS-CoV-2-negative patients; black lines, all participants. The relative risks (RRs) in the table correspond to the x-coordinate of the horizontal 

line in the figure. RR was calculated based on the proportion of participants with severe maternal morbidity and mortality relative to those without such outcomes. 

HELLP, haemolysis, elevated liver enzymes, low platelets; CI, confidence interval. 
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ity. Compared with pregnancy cohorts in higher-income countries, the

resent study population had a dramatically higher overall frequency

f severe maternal morbidity and mortality, but better outcomes during

he Delta wave compared with populations in other geographic locations

7] . In addition, the overall incidence of maternal mortality at this ma-

ernity unit was higher during the COVID-19 pandemic than in previous

ears. 

A novel contribution of this study is that it reports the effects of

he Gamma variant on pregnant women, which were more prevalent in

razil than in other countries [29] . The results indicate that the risk of

evere maternal morbidity and mortality during the Gamma wave was

igher compared with the Delta wave. The present findings differ from

hose in other countries where the Delta variant was the most virulent

ariant of concern [8] , including a pregnancy cohort in the USA [23] .

he Delta variant may have been less virulent in the study cohort be-

ause it was immediately preceded by the Gamma variant, and Gamma

xposure conferred partial immunity to the Delta variant. There may

lso have been fewer cases of severe maternal morbidity and mortality

uring the Delta wave because vaccination ramped up during the Delta

ave. 

In a multi-centric study of COVID-19 in pregnancy that included

ome low-income countries, the maternal mortality rate was 1.6% [35] .

his is similar to the 1.3% maternal mortality rate at the present study

ite, which is a resource-limited setting. The present study site also had

 higher rate of morbidity and mortality than what has been reported
4 
n Spain, the USA and the UK [ 18 , 22 ]. In addition, in this study, there

ere no severe maternal morbidity and mortality events during the Omi-

ron wave. This is consistent with a cohort study of pregnant women in

ther geographic regions during the Omicron BA1 wave, which found

hat it was less virulent than prior variants of concern [2] . As in pre-

ious studies [39] , most of the COVID-19-related deaths in the present

tudy (85%) were due to acute respiratory distress syndrome (ARDS). In

ddition to the systemic immunological changes of pregnancy that have

he potential to impact lung function, anatomical changes also occur in

he respiratory system. Along with the reduction in total lung capacity

nd inability to clear secretions, the hypercoagulable state of pregnancy

ith increased thrombin production and an increase in intravascular

nflammation also renders pregnant women more susceptible to severe

espiratory infections and COVID-19 complications [36] . Furthermore,

he endothelial cell dysfunction associated with COVID-19 must play an

mportant role in the onset and progression of ARDS [ 33 , 34 ]. 

Early in the COVID-19 pandemic, it was hypothesized that caesarean

ections might improve pregnancy outcomes [26] . However, the present

tudy found that the risk of severe maternal morbidity and mortality was

pproximately four times higher among SARS-CoV-2-positive women

ho had a caesarean section compared with those who did not. With

espect to the risk of maternal death, 71% of deaths in the study co-

ort occurred in the postpartum period, 80% of which were after cae-

arean delivery. It is possible that pregnancy outcomes were worse fol-

owing caesarean section because SARS-CoV-2 infection dysregulates cy-
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Figure 3. Circulating severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) vari- 

ants over time and severe maternal morbidity 

and mortality. (A) Percentage of participants 

positive for SARS-CoV-2, percentage of cases 

of maternal morbidity and mortality, and per- 

centage of vaccinated women according to the 

period in which the predominant variants cir- 

culated [ ± 95% confidence interval (CI)]. (B) 

Effect of infection with different SARS-CoV-2 

variants of concern (VOCs) on the risk of ma- 

ternal morbidity and mortality ( ± 95% CI). 
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okine expression at delivery and increases the risk of thromboembolism

 3 , 9 , 12 ]. On the other hand, caesarean section could potentially be a

arker of disease morbidity and mortality risk, and be performed pref-

rentially in women who are severely ill to improve health outcomes

n situations such as pre-eclampsia, heart failure or respiratory failure,

r even to salvage the fetus [14] . However, further studies are needed

o elucidate the mechanisms through which SARS-CoV-2 and mode of

elivery are associated with severe maternal morbidity and mortality,

nd whether association implies causation in this scenario. 

In this study, women with SARS-CoV-2 infection in the third

rimester were more likely to experience adverse outcomes compared

ith women with SARS-CoV-2 infection in the first or second trimesters.

n addition to caesarean section in the third trimester, the association

etween third trimester diagnosis and severe maternal morbidity could

e due to increased cardiovascular load, haemodilution and elevated

roduction of inflammatory cytokines near delivery [ 21 , 28 ]. Moreover,

he decrease in functional pulmonary residual capacity and the eleva-

ion of pre-thrombotic profiles could increase the risk of severe mater-

al morbidity during the third trimester [16] . The present findings are

onsistent with a multi-centre study in Latin America which found that

he risk of dying from COVID-19 was highest among pregnant women

nfected during the third trimester [19] . 

In the study cohort, there were no severe maternal morbidity and

ortality events among fully vaccinated study participants. Most preg-

ant women in this study were immunized with BNT162b2 or an inac-

ivated virus vaccine. BNT162b2 appeared to be effective in the present

tudy population, and in large pregnancy cohorts in Sweden and Israel

 6 , 17 ]. Regarding inactivated vaccines, to the authors’ knowledge, there

s little real-world data on their effectiveness in pregnant women, but

his is provided in the present analysis. Some pregnant women are hesi-

ant to be vaccinated due to concerns about adverse effects on the fetus.

he present findings show that pregnant women should not postpone

accination until after delivery. 
5 
A large international study of COVID-19 during pregnancy found

hat pre-eclampsia increased the risk of adverse maternal outcomes

ignificantly [27] . However, the present study only found a tendency

owards higher risk of severe maternal morbidity and mortality with

re-eclampsia ( P > 0.05). The effects of comorbidities and pre-eclampsia

n the RR of maternal adverse outcomes were similar in participants

ho were SARS-CoV-2 positive and negative. It was hypothesized that

s the study site is a reference centre for high-risk pregnancies, the

requency of pre-eclampsia and underlying comorbidities was rela-

ively high in the women who presented for care at this maternity

nit. 

The strengths of this study include its longitudinal design and the

act that patients were invited to participate irrespective of respira-

ory symptoms. As a result, this analysis provides an unbiased es-

imate of the prevalence of laboratory-confirmed SARS-CoV-2 infec-

ion in 1609 pregnant women. The limitations of this study include

he loss to follow-up inherent to observational cohorts ( Figure 1 ),

ncluding a higher rate of loss to follow-up among women infected

ith SARS-CoV-2 (17%) compared with those who were not infected

7.3%). 

In conclusion, COVID-19 was significantly associated with the risk

f severe maternal morbidity and mortality. Vaccination was associ-

ted with a four-fold reduction in ICU admission and maternal death,

roviding support for the immunization of pregnant women against

OVID-19, which should be encouraged during prenatal care. This

nderscores the importance of expanding the participation of preg-

ant women in clinical trials in order to accelerate the regulatory

pproval of vaccines and other novel therapeutics in this vulnerable

opulation. 
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