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Maternal Mortality Associated with Severe Acute Respiratory Syndrome due to 
COVID-19 in São Paulo, Brazil: Epidemiological Patterns and Associated Risk 
Factors (2020-2023)

Abstract

This study aimed to analyze maternal mortality among pregnant and postpartum women with Severe Acute Respiratory 
Syndrome (SARS) caused by SARS-CoV-2 in the state of São Paulo, Brazil, between February 2020 and December 2023. 
This retrospective study of secondary surveillance data from the Influenza Epidemiological Surveillance System (SIVEP-
Gripe). A total of 5,640 cases of COVID-19-associated SARS were reported in this population, with the highest concentra-
tion observed in 2021 (48.9%)—a period marked by the predominance of the Gamma variant, healthcare system overload, 
and the initial rollout of maternal vaccination. The overall maternal mortality rate was 6.6% among hospitalized pregnant 
and postpartum women. Risk factors significantly associated with increased mortality included residence in inland or 
coastal regions (OR: 1.85; 95% CI: 1.11–3.06), presence of pre-existing comorbidities (OR: 1.78; 95% CI: 1.27–2.51), lack 
of adequate treatment (OR: 2.1; 95% CI: 1.35–3.03), ICU admission (OR: 6.6; 95% CI: 4.5–9.5), and need for ventilatory 
support (OR: 3.2; 95% CI: 2.0–5.1). Notably, mortality risk was significantly higher in the postpartum period compared to 
during pregnancy (OR: 0.36; 95% CI: 0.25–0.51). These findings underscore the profound impact of the COVID-19 pan-
demic on maternal health in São Paulo, highlighting the urgent need for targeted public health interventions and equitable 
access to obstetric and intensive care during health emergencies. 

Keywords: Maternal mortality, Coronavirus infections, Pregnancy, Puerperium, Severe acute respiratory syndrome, COVID-19

Introduction
The COVID-19 pandemic, caused by the novel coronavirus 

SARS-CoV-2, rapidly escalated into a global health emergency, 
placing unprecedented strain on healthcare systems and dispro-
portionately impacting vulnerable populations [1,2]. Since its 
emergence in late 2019, COVID-19 has resulted in millions of 
deaths worldwide and has exposed deep-rooted social and struc-
tural inequalities in access to healthcare. These disparities have 
been particularly evident in low- and middle-income countries, 
which have encountered greater challenges in delivering timely 
and equitable responses to mitigate the pandemic's effects [3-7].

Pregnant and postpartum women have been identified as a 
high-risk group for severe COVID-19 outcomes [6-9]. Physi-
ological adaptations during pregnancy and the puerperium-in-
cluding increased oxygen demand, reduced pulmonary reserve, 

and immunological modulation-may contribute to heightened 
vulnerability to complications [10-12]. Evidence indicates high-
er rates of hospitalization, intensive care unit (ICU) admission, 
mechanical ventilation, and maternal mortality among pregnant 
individuals infected with SARS-CoV-2, particularly in settings 
with limited access to specialized obstetric and critical care ser-
vices [9-11].

In Brazil, the COVID-19 pandemic had a particularly severe 
impact on maternal health outcomes [6,8,9]. The state of São 
Paulo-the country’s most populous-emerged as one of the prima-
ry epicenters, reporting high numbers of COVID-19 cases, hos-
pitalizations, and deaths [13,14]. The spread of highly transmis-
sible variants, delayed vaccine rollout for pregnant women, and 
persistent structural disparities across regions further exacerbat-
ed maternal vulnerability. Despite improvements in surveillance 
systems and clinical management protocols, maternal mortality 
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related to COVID-19 remained a pressing concern, especially 
during 2021 [6].

In this context, understanding the regional dynamics of mater-
nal mortality associated with COVID-19 is critical to informing 
targeted public health interventions. This study aimed to analyze 
mortality rates and associated risk factors among pregnant and 
postpartum women with Severe Acute Respiratory Syndrome 
(SARS) caused by SARS-CoV-2 in the state of São Paulo, from 
February 2020 to December 2023.

Methods
This retrospective study of secondary surveillance data inves-

tigated maternal mortality associated with Severe Acute Respi-
ratory Syndrome (SARS) caused by SARS-CoV-2 in the state of 
São Paulo, Brazil, between February 1, 2020, and December 31, 
2023. The analysis was based on secondary data extracted from 
the Influenza Epidemiological Surveillance Information System 
(SIVEP-Gripe), a nationwide database coordinated by the Bra-
zilian Ministry of Health in partnership with state and municipal 
health departments.

Established in 2009, SIVEP-Gripe was expanded during the 
COVID-19 pandemic to comprehensively capture clinical and 
epidemiological information on SARS cases, including those 
linked to SARS-CoV-2 infection. The study population included 
all pregnant and postpartum women (up to 45 days after delivery) 
aged 10 to 49 years, residing in the state of São Paulo, who were 
reported to SIVEP-Gripe with laboratory-confirmed or clinical-
ly/epidemiologically diagnosed SARS due to COVID-19. Ex-
clusion criteria encompassed cases with missing or inconsistent 
data on key outcome variables, particularly regarding survival 
status. 

To address regional disparities in healthcare infrastructure and 
population density, the state was divided into three geographic 
categories: "Capital" (São Paulo city), "Metropolitan Region" 
(38 municipalities surrounding the capital), and "Interior/Lit-
toral" (the remaining 606 municipalities within Health Depart-
ments DRS 2–17).The dataset was obtained from the Open-
DataSUS platform (https://opendatasus.saude.gov.br), which 
provides public access to anonymized health surveillance data. 
Variables extracted for analysis included maternal age (<20, 
20–34, ≥35 years), race/ethnicity (White, Black, Other), munic-
ipality of residence, gestational trimester (first, second, third), 
puerperal status, presence of underlying comorbidities (e.g., 
chronic respiratory or cardiovascular diseases, diabetes, renal 
disease, immunosuppression, and obesity), ICU admission, use 
and type of ventilatory support (invasive, non-invasive, or none), 
COVID-19 vaccination status (available from July 2021), and 
outcome (survival or death). The gestational trimester was de-
fined based on the gestational age at admission, classified as fol-
lows: the first trimester includes the first 12 weeks of pregnancy, 
the second trimester spans from the 13th to the 26th week, and 
the third trimester covers from the 27th week until the end of 
the pregnancy. Missing values were treated as indicative of the 
absence of the condition, in line with previous methodological 
approaches used in national studies.

Descriptive statistics were used to characterize the study 
population, with categorical variables presented as absolute 

and relative frequencies. Continuous variables were expressed 
as medians and interquartile ranges, and compared using the 
Mann-Whitney U test. Categorical variables were compared us-
ing Pearson’s chi-square or Fisher’s exact tests, as appropriate. 
Univariable logistic regression models were employed to esti-
mate odds ratios (ORs) and 95% confidence intervals (CIs) for 
factors associated with maternal mortality. Variables showing 
statistical significance (p < 0.05) in univariable analyses were 
included in multivariable logistic regression models to identify 
independent predictors of death. All statistical tests were two-
tailed, with a significance level set at 5%. 

All analyses were conducted using Stata® version 15.1 
(StataCorp LLC, College Station, TX, USA). The study was 
approved by the Research Ethics Committee of the Hospital 
das Clínicas, Faculty of Medicine, University of São Paulo (ap-
proval no. 4.074.841; CAAE: 32615020.1.0000.0068). Given 
that the research involved the analysis of anonymized, publicly 
available secondary data, the requirement for informed consent 
was waived, in accordance with Brazilian ethical standards for 
human research.

Results
Over the four-year span of the COVID-19 pandemic, a total 

of 5,460 pregnant and postpartum women were hospitalized due 
to SARS associated with SARS-CoV-2 infection in the state of 
São Paulo, Brazil. Of these, 376 maternal deaths were reported, 
resulting in a case fatality rate of 6.6% among hospitalized cases.

Table 1 presents the demographic and healthcare-related 
characteristics of maternal deaths due to SARS associated with 
COVID-19 in São Paulo, categorized by year of notification. 
The majority of deaths occurred among women aged 20 to 34 
years. A statistically significant variation was observed in the 
distribution of comorbidities over the study period, particularly 
regarding diabetes mellitus (p = 0.01), immunosuppression (p = 
0.02), and, most notably, the absence of pre-existing comorbid-
ities (p < 0.001).

A striking finding was the considerable proportion of maternal 
deaths occurring in the absence of intensive care. A significant 
percentage of deceased patients had not been admitted to inten-
sive care units (ICU) or had not received invasive mechanical 
ventilation, indicating critical barriers to timely and adequate 
care.

Variables, 
n (%)

n=80 
2020

2021 
n=276

2022 
n=17

n=3 
2023

p- 
value$

Age

< 20 years 6 (7.5) 12 (4.3) 3 (17.6) 1 (33.4) 0.21

20–34 
years

50 (62.5) 159 (57.6) 7 (41.2) 2 (66.6) 0.40

≥ 35 years 24 (30.0) 106 (38.4) 7 (41.2) - 0.17

Ethnicity*

White 39 (51.3) 157 (63.6) 10 (58.8) 1 (33.4) 0.19

Black 11 (14.5) 23 (9.3) 3 (17.6) - 0.14

Other 26 (34.2) 67 (27.1) 4 (23.5) 2 (66.6) 0.14

Table 1: Demographic and Healthcare Characteristics of Maternal 
Deaths Due to SARS-CoV-2 in the State of São Paulo, by Year of 
Notification.
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*Ethnicity data were not available for all patients. ICU: Intensive Care 
Unit. Fisher’s exact test was applied to variables with at least one cell 
containing zero; otherwise, Pearson’s chi-square test was used. $each 
comparison was conducted independently, and no adjustment for multi-
ple testing was performed; results should be interpreted as exploratory.

Demographic and clinical characteristics associated with in-
creased mortality included advanced maternal age (≥35 years: 
36.3% vs. 28.1%; p = 0.04), the presence of at least one comor-
bidity (51.4% vs. 25.9%; p < 0.001), and occurrence during the 
second or third trimester of pregnancy (p = 0.01). No statisti-
cally significant difference was found with respect to ethnicity 
(p = 0.74).

In the state of São Paulo, the maternal mortality rate due to 
SARS associated with COVID-19 between 2020 and 2023 
was 6.6% among hospitalized cases. This rate varied over the 
years, with a notable peak in 2021, reaching 9.9% (Figure 1). In 
2020 and 2021, the majority of deaths occurred among pregnant 
women, accounting for 55.0% and 67.4% of cases, respectively. 
However, in 2022, this pattern reversed, with postpartum wom-
en representing 68.8% of the maternal deaths.

A significant geographic disparity in mortality rates was ob-

Gestational trimester

First 
trimester

3 (6.8) 20 (10.7) 2 (28.6) 1 (33.4) 0.25

Second 
trimester

15 (34.1) 63 (33.9) 2 (28.6) 1 (33.4) 0.43

Third 
trimester

25 (56.9) 100 (53.8) 3 (42.8) 1 (33.4) 0.37

Unknown 1 (2.2) 3 (1.6) - - -

Comorbidities

Heart 
disease

13 (16.3) 30 (10.8) 3 (17.6) 2 (66.6) 0.18

Asthma 2 (2.5) 10 (3.6) 1 (5.8) - 0.62

Pulmonary 
disease

1 (1.3) 4 (1.4) 1 (5.8) - 0.75

Diabetes 
mellitus

20 (25.0) 26 (9.4) 4 (23.5) - <0.001

Renal 
disease

2 (2.5) 2 (0.7) 3 (17.6) - 0.14

Obesity 12 (15.0) 46 (16.6) 3 (17.6) - 0.72

Hemato-
logical 
disease

2 (2.5) 1 (0.4) - - 0.29

Neurologi-
cal disease

1 (1.3) 2 (0.7) - - 0.94

Liver 
disease

- 1 (0.4) - - -

Immuno-
suppressed

5 (6.3) 2 (0.7) 1 (5.8) - 0.01

No comor-
bidities

27 (33.7) 154 (55.8) 1 (5.8) 1 (33.4) <0.001

Medical care

ICU ad-
mission

64 (80.0) 196 (71.0) 14 (82.3) 2 (66.6) 0.10

Invasive 
mechanical 
ventilation 

45 (56.3) 156 (56.5) 11 (64.7) 2 (66.6) 0.85

Non-in-
vasive 
ventilation 

17 (21.3) 84 (30.4) 1 (5.8) - 0.08

served, with the highest proportion of maternal deaths consis-
tently occurring among residents of non-capital municipalities 
(Interior and Coastal regions). This disparity peaked in 2021 at 
66.7% and remained disproportionately high in subsequent years 
(p < 0.001), as shown in Figure 2. Multivariate logistic regression 
analysis further confirmed this finding, revealing increased odds 
of maternal death for women living in these areas (OR: 1.85; 
95% CI: 1.11–3.06).

The need for ICU admission (OR: 6.6; 95% CI: 4.5–9.5) and 

Figure 1.Temporal Trends in Maternal Mortality Rate Due to SARS 
Associated with COVID-19.

invasive ventilatory support (OR: 3.2; 95% CI: 2.0–5.1) were 
strongly associated with increased mortality. However, these as-
sociations may also reflect the severity of clinical presentation 
rather than solely delays in treatment. Nonetheless, the absence 
of any form of treatment was more common among survivors 
(21.1%) than among those who died (16.2%), suggesting that un-
der-treatment may have worsened outcomes (p = 0.001).

The introduction of COVID-19 vaccination for this popula-
tion in 2021 had a clear protective effect. Throughout the study 
period, the vast majority of maternal deaths occurred among un-
vaccinated individuals (78.2%; p = 0.001), with an adjusted OR 
of 2.1 (95% CI: 1.35–3.03) for those who had not received the 
vaccine (Figure 3).

Figure 2: Proportion of Maternal Deaths Due to COVID-19 by 
Place of Residence.
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The year-by-year distribution revealed a disproportionate con-
centration of deaths in 2021 (73.4%; p = 0.008), a period charac-
terized by both higher viral transmissibility and limited vaccine 
coverage. Maternal status was also associated with divergent 
outcomes, with postpartum women facing a significantly higher 
risk of death compared to pregnant women (OR: 0.36; 95% CI: 
0.25–0.51), highlighting the increased vulnerability during the 
puerperium.

Figure 4 presents the multivariate odds ratios for maternal 
death among hospitalized pregnant and postpartum women, em-
phasizing 2021 as the year with the highest risk (OR: 1.8; 95% 
CI: 1.16–2.67), followed by significant associations with region-
al disparities, the presence of comorbidities, lack of access to 
treatment, postpartum status, and critical care needs.

Figure3: Maternal Mortality and COVID-19 Vaccination Status.

Figure 4: Risk Ratios and 95%Confidence Intervals for Maternal 
Mortality Rates.

Discussion
The state of São Paulo, the most populous in Brazil, emerged 

as one of the primary epicenters of the COVID-19 pandemic in 
the country. Between 2020 and 2023, the overall maternal mor-
tality rate due to SARS associated with COVID-19 was 6.6% 
among hospitalized pregnant and postpartum women, peaking 
in 2021. This increase was driven by several factors, including 
the circulation of the Gamma variant (P.1), which was character-
ized by high transmissibility and immune evasion capabilities, 
as well as systemic weaknesses in access to and the quality of 
obstetric care.

Maternal mortality is a sensitive indicator of socioeconomic 

conditions and healthcare quality. It rose significantly across all 
Brazilian states, particularly between March and June 2021. Our 
study found nearly a twofold increase in mortality risk during 
this period (OR: 1.8; 95% CI: 1.16–2.67), with a significant 
predominance of deaths among pregnant women (67.4%). The 
higher affinity of the Gamma variant for the ACE2 receptor, 
which is physiologically upregulated during pregnancy, may 
have contributed to increased clinical severity in pregnant wom-
en. The resulting inflammatory storm, endothelial dysfunction, 
and respiratory failure further exacerbated obstetric outcomes. 
Similar findings were reported by Gonçalves et al. (2021), who 
observed more than a twofold increase in maternal mortality in 
2021 (OR: 2.6; 95% CI: 2.28–2.97).

The relaxation of social distancing measures, especially to-
ward the end of 2020, also increased pregnant women’s expo-
sure to SARS-CoV-2, thereby contributing to higher mortality 
rates. This situation was further aggravated by high hospital oc-
cupancy rates, which limited the availability of adequate care for 
pregnant women. However, after the introduction of vaccination 
for pregnant women in July 2021, a marked decrease in infection 
and maternal mortality rates was observed, highlighting the pro-
tective effect of immunization.omorbidities such as obesity, dia-
betes, and cardiovascular diseases were strongly associated with 
increased maternal mortality risk, raising the odds by 1.78 (OR: 
1.78; 95% CI: 1.27–2.51). A similar study conducted in Brazil 
also supports the finding that the presence of these clinical condi-
tions significantly elevates the risk of maternal death. Obesity, in 
particular, has been linked to severe maternal morbidity during 
the antepartum period and can contribute to fatal outcomes due 
to complications like preeclampsia. These comorbidities often 
provoke an exaggerated inflammatory response, worsening the 
clinical condition, complicating treatment, and increasing the 
likelihood of adverse outcomes. Admission to an ICU increased 
the risk of maternal death by 6.6 times (OR: 6.6; 95% CI: 4.5–
9.5), while the need for ventilatory support raised this risk by 3.2 
times (OR: 3.2; 95% CI: 2.0–5.1). 

These findings align with the study by Bergantini et al. (2024), 
which showed that ICU admission doubles the likelihood of ma-
ternal mortality. The increased clinical severity of patients re-
quiring intensive care helps explain this elevated risk, as these 
individuals often present with more critical conditions and are 
more susceptible to fatal complications. Furthermore, the avail-
ability of hospitals equipped with specialized maternal and peri-
natal care services, including proper infrastructure for managing 
critically ill pregnant and postpartum women, plays a key role 
in reducing mortality. A lack of these resources or inadequate 
facilities can compromise care quality and contribute to higher 
mortality rates in this vulnerable population.

A concerning finding in this study was the occurrence of signif-
icant healthcare failures, with 16.2% of maternal deaths happen-
ing without the patients receiving any medical assistance. Simi-
lar findings were reported by Takemoto et al. (2020) during the 
first year of the pandemic, when 15% of women lacked access to 
ventilatory support, 28% were not admitted to an intensive care 
unit (ICU), and 36% did not receive intubation or mechanical 
ventilation [5]. This issue has also been observed in other Latin 
American countries [31], particularly in Mexico, which, despite 



 European Journal of Respiratory Medicine

Eur J Respir Med 2025, 7:1 485

having a robust surveillance system, recorded similar rates of 
inadequate care [30].

This study has some limitations inherent to the use of second-
ary data from the SIVEP-Gripe system, which should be consid-
ered when interpreting the results:

• Underreporting and data inconsistencies: There may have 
been underreporting of cases and deaths, particularly during the 
early months of the pandemic, due to limited access to diagnos-
tic testing, delays in case reporting, and the strain on healthcare 
systems. Additionally, the quality and completeness of data may 
vary across different municipalities.

• Limitations in distinguishing between direct and indirect 
causes of death: It was not possible to accurately differentiate 
deaths directly caused by SARS-CoV-2 infection from those 
resulting from obstetric complications exacerbated by the infec-
tion. This could lead to either an overestimation or underestima-
tion of the COVID-19-related maternal mortality rate.

Conclusion
In the state of São Paulo, a major epicenter of the COVID-19 

pandemic in Brazil, the overall maternal mortality rate due to 
COVID-19–related SARS was 6.6%, peaking in 2021. This 
surge coincided with an overwhelmed healthcare system, the 
circulation of more transmissible and aggressive viral variants, 
and limited vaccine access during the early stages of the pan-
demic. 

The distribution of cases and deaths revealed regional dis-
parities, with women in inland and coastal areas facing higher 
mortality risks, highlighting significant structural inequalities 
in healthcare access. Maternal mortality was associated with 
factors such as pre-existing comorbidities, lack of appropriate 
treatment or vaccination, ICU admission, need for ventilatory 
support, and the postpartum period.

Abbreviations
COVID-19: Coronavirus Disease 2019; SARS: Severe Acute 

Respiratory Syndrome; SARS-CoV-2: Severe Acute Respira-
tory Syndrome Coronavirus 2; ICU: Intensive Care Unit; OR: 
Odds Ratio; CI: Confidence Interval; SIVEP-Gripe: Influenza 
Epidemiological Surveillance Information System; ECA2: An-
giotensin-Converting Enzyme 2.
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