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Abstract

Background Fetal loss is one of the most serious adverse outcomes of pregnancy. Since the onset of the COVID-
19 pandemic, Brazil has recorded an unprecedented number of hospitalizations of pregnant women due to acute
respiratory distress (ARD), thereby, we aimed to assess the risk of fetal deaths associated to ARD during pregnancy in
Bahia state, Brazil, in the context of the COVID-19 pandemic.

Methods This is an observational population-based retrospective cohort study, developed with women at or after
20 weeks of pregnancy, residents in Bahia, Brazil. Women who had acute respiratory distress (ARD) in pregnancy
during the COVID-19 pandemic (Jan 2020 to Jun 2021) were considered ‘exposed. Women who did not have ARD

in pregnancy, and whose pregnancy occurred before the onset of the COVID-19 pandemic (Jan 2019 to Dec 2019)
were considered 'non-exposed' The main outcome was fetal death. We linked administrative data (under mandatory
registration) on live births, fetal deaths, and acute respiratory syndrome, using a probabilistic linkage method, and
analyzed them with multivariable logistic regression models.

Results 200,979 pregnant women participated in this study, 765 exposed and 200,214 unexposed. We found four
times higher chance of fetal death in women with ARD during pregnancy, of all etiologies (adjusted odds ratio [aOR]
4,06 confidence interval [Cl] 95% 2.66; 6.21), and due to SARS-CoV-2 (aOR 4.45 Cl 95% 2.41; 8.20). The risk of fetal death
increased more when ARD in pregnancy was accompanied by vaginal delivery (aOR 7.06 Cl 95% 4.21; 11.83), or admis-
sion to Intensive Care Unit (aOR 8.79 Cl 95% 4.96; 15.58), or use of invasive mechanical ventilation (aOR 21.22 Cl 95%
9.93;45.36).

Conclusion Our findings can contribute to expanding the understanding of health professionals and managers
about the harmful effects of SARS-CoV-2 on maternal-fetal health and alerts the need to prioritize pregnant women
in preventive actions against SARS-CoV-2 and other respiratory viruses. It also suggests that pregnant women,
infected with SARS-CoV-2, need to be monitored to prevent complications of ARD, including a careful assessment of
the risks and benefits of early delivery to prevent fetal death.
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Background

The emergence in December 2019, in China, of the
new respiratory-borne virus SARS-CoV-2, the etiologic
agent of COVID-19, and its rapid spread across coun-
tries and continents resulted in the worst pandemic of
the twenty-first century [1, 2]. Over the first three years
of this health crisis, the world has experienced the
dramatic loss of more than 6,696,926 lives due to this
disease [3]. Far beyond a health tragedy, the disruptive
effect of the COVID-19 pandemic on the social and
economic structures worldwide has disproportionately
affected the most vulnerable populations [1, 4, 5].

In this pandemic context, many pregnant women
experienced greater social vulnerability, besides the
higher susceptibility to complications of viral infec-
tions [6]. The health and well-being of pregnant women
and their fetuses have been affected, and the advances
in women’s health, hard-won over decades, have been
threatened [7]. Not by chance, in August 2020, the
Pan American Health Organization issued an alert for
member countries to intensify efforts to ensure access
to prenatal care and actions to reduce maternal and
perinatal morbidity and mortality [8].

In Brazil, a middle-income country, until Decem-
ber 31, 2022, more than 36,331,281 cases and 693,853
deaths due to SARS-CoV-2 infection were reported,
corresponding to a cumulative incidence and mortality
of 17,288.5 and 330,2 (per 100,000 inhabitants), respec-
tively, and a case fatality rate of 1.9% [9]. This country
is among the first in number of cases and deaths from
COVID-19 in the world [3].

Furthermore, since the onset of the COVID-19 pan-
demic, Brazil has recorded an unprecedented number
of hospitalizations of pregnant women due to acute res-
piratory distress (ARD). Epidemiological surveillance
data showed that in 2020 and 2021, there were 28,238
reports of ARD in pregnant women in Brazil, compared
to 2,252 reported in 2018-2019 [10].

Despite this worrying scenario, there are still few studies
evaluating the effects of the COVID-19 pandemic on ges-
tational outcomes, particularly in developing countries,
where the spread of SARS-CoV-2 adds to the worsening of
social inequalities and problems in the health system [11].

Fetal loss is one of the most serious adverse outcomes
of pregnancy [12]. So, we aimed to assess the chance of
fetal death associated with acute respiratory distress
during pregnancy, in the context of the COVID-19 pan-
demic in Bahia, Brazil.

Methods

Study design, location, and period

We performed a population-based retrospective cohort
study, using administrative data on live births, fetal
deaths, and ARD in pregnant women, from January 2019
to June 2021, in Bahia, a state with 14,985,284 inhabitants
located in the Northeast region of Brazil [13].

Study population

The population comprised women with>20 weeks
of pregnancy, residents in Bahia state. Therefore, the
outcome "fetal deaths" in this study included sponta-
neous intrauterine death of fetuses at or after 20 gesta-
tional weeks (or weighing >500 g, or length>25 cm, if
unknown gestational age [14]).

During the COVID-19 pandemic, there was a signifi-
cant increase in maternal mortality from several causes
in Brazil [15, 16]. As this study focuses on the associa-
tion between ARD during pregnancy and fetal death, we
chose not to include fetal deaths that occurred concur-
rently with maternal deaths, as it would be more difficult
to determine clearly whether fetal death occurred before
or after maternal death, in these cases.

The exposed group consisted of women who had a
pregnancy ending in 2020 or 2021, and who had a history
of hospitalization due to acute respiratory distress during
this pregnancy, consistent with respiratory viruses, that
is, a combination of flu-like symptoms such as fever and
cough with acute respiratory distress syndrome, and/or
dyspnea, and/or O, saturation <95% in ambient air, and/
or cyanosis, and/or hypotension and/or acute breathing
insufficiency, regardless of its etiology [17].

The unexposed group was women who had a preg-
nancy ending in 2019 (pre-pandemic period) and did
not undergo a hospital stay due to respiratory distress,
because they were pregnancies free of the possible effects
of SARS-CoV-2 infection and the environmental peculi-
arities of the COVID-19 pandemic period.

Data sources

We used data from robust health information systems
[18], such as the Live Births Information System / Sis-
tema de Informagdo sobre Nascidos Vivos (SINASC); the
Mortality Information System / Sistema de Informagdo
sobre Mortalidade (SIM); and the Acute Respiratory
Syndrome Surveillance System / Sistema de Vigilancia
Epidemioldgica da Sindrome Respiratoria Aguda Grave
(SIVEP). In Brazil, births, deaths, and respiratory distress
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consistent with respiratory viruses are under universal
surveillance and mandatory registration in all public and
private health services.

SINASC and SIM contain all national records of births
and deaths, respectively, and their coverages are approxi-
mately 100% [19-21]. Death records from Brazil are clas-
sified in the same quality category as some developed
countries such as Germany, France, Italy, Norway, Neth-
erlands and Spain [22].

SIVEP contains all national records of people who pre-
sent ARD consistent with respiratory viruses, reported by
health services. But, if it occurs outside a health service,
such as death from ARD at home, epidemiological sur-
veillance teams carry out an epidemiological investiga-
tion and reporting at SIVEP [17, 23].

Thus, except for the possibility of underreporting,
SINASC, SIM, and SIVEP contain, respectively, all
records of births, deaths, and acute respiratory syn-
dromes that occurred in the Brazilian population.

Data linkage process
Maternal data from 479,038 reports of live births, 333
maternal deaths and 6,841 fetal deaths, and data from
13,077 reports of ARD in women aged 9 to 49 years, from
January 1, 2019, to June 30, 2021, were obtained from
SINASC, SIM, and SIVEP, respectively. We performed a
probabilistic linkage between data of those three systems,
using as binding keys the full name, date of birth, and
the municipality of residence. Records with at least 85%
of similarity were filtered. So, we performed a manual
review, with a comparison of home addresses, to confirm
only valid pairs.

Probabilistic linkage was done with the fastLink pack-
age [24], in the R software [25].

Variables

The study variables, related to the sociodemographic
characteristics of the participants, were: Age group,
in years (19 or less, 20—35, 36 or more); Education, in
years (0—3, 4—7, 8—11, 12 or more); Race Color (White,
Black, Mixed, Oriental, Indigenous); Marital Status (Sin-
gle or Divorced or Widow, Married or Stable Union) and
Human Development Index of municipality of residence
(High or Very High, Medium, Low or Very Low).

The variables related to the characteristics of the
pregnancy were: Fetal death (Yes, No); Acute Respira-
tory Distress during pregnancy (Yes, No); Type of preg-
nancy (Single fetus, Twin fetus or more); Fetus sex (Male,
Female); Parity (Ist pregnancy, 2nd or more); Type of
delivery (Vaginal, Cesarean); Congenital anomaly (Yes,
No); and Gestational age, in weeks (1st quartile, median,
3rd quartile).
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Statistical analyzes

To examine the association between ARD in preg-
nancy and fetal death, we initially performed a descrip-
tive analysis of the data, in which the study participants
were divided into two groups, according to their history
of ARD during pregnancy (Yes / No). The sociodemo-
graphic and gestational characteristics of the participants
(age group, education, race/color, marital status, Human
Development Index (HDI) of the municipality of resi-
dence, fetal death as outcome of pregnancy, type of preg-
nancy, fetus sex, parity, type of delivery and congenital
anomaly of fetus) were described by the absolute and
relative frequencies of each variable. The variable gesta-
tional age, in weeks, was verified by quartiles.

Chi-squared test and Two-tailed Z-test, for compar-
ing proportions, was performed to identify divergences
in sociodemographic and gestational characteristics
between women with and without a history of ARD dur-
ing pregnancy. We considered a significance level of 5%.

We applied a bivariate logistic regression model to
verify the risk of fetal death after ARD during pregnancy
and identify potential confounders. Those variables that
showed association with statistical significance in bivari-
ate analysis were included in a multiple model, to esti-
mate the adjusted Odds Ratio (OR) with 95% confidence
intervals (CI).

To quantify the risk of fetal death after ARD in preg-
nancy, specifically caused by laboratory-confirmed
COVID-19, this same analysis was repeated, keeping in
the exposed group only participants with reverse-tran-
scriptase polymerase chain reaction (RT-PCR), antigen
detection, or IgM serology tests positive for SARS-CoV-2
infection. We also assessed the risk of fetal death after
ARD in pregnancy with Intensive Care Unit (ICU)
admission, with invasive mechanical ventilation, and with
vaginal or cesarean delivery.

All analyzes were conducted with R v. 4.1.3 [25]. This
study is reported in accordance with the STROBE state-
ment [26] (Supplementary STROBE Check-list).

Results

After probabilistic linkage of data from SINASC, SIM
and SIVEP, 765 participants were identified as pregnant
women who had ARD during pregnancy (throughout
the COVID-19 pandemic, Jan 2020 — Jun 2021), and
another 200,214 who did not (Jan to Dec 2019). The 32
participants who had ARD during pregnancy in the pre-
pandemic period (2019); 6 (six) fetal deaths that occurred
concurrently with maternal deaths, and the 284,862
women who did not have ARD during pregnancy in
the COVID-19 pandemic period (until Jun, 2021) were
excluded (Fig. 1).
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Maternal data from 479,038
live births (SINASC), 333

Probabilistic linkage
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Data from 13,077 women aged 9 to
49 Years, from Acute Respiratory

maternal deaths and 6,841
fetal deaths (SIM) records
Jan 01, 2019 —Jun 30, 2021

Exclusion

Syndrome Surveillance System
(SIVEP) records
Jan 01, 2019 —Jun 30, 2021

32 records of women who had Acute
Respiratory Distress during

Exclusion

A 4

pregnancy in the pre-pandemic
period (2019)

6 records of fetal deaths that

Exclusion

» occurred concurrently with maternal
deaths

285,195 records of women who did
not have Acute Respiratory Distress

A 4

A 4

during pregnancy in the COVID-
pandemic period (2020-2021)

765 pregnant women had ARD

during pregnancy (throughout

the COVID-19 pandemic period,
Jan 2020 —Jun 2021)

Study database

200,214 pregnant women did
not have ARD during pregnancy
(in the pre-pandemic period,
Jan 2019 — Dec 2019)

Fig. 1 Flowchart of the database composition for the study 'Fetal death as an outcome of acute respiratory distress in pregnancy, during the
COVID-19 pandemic: a population-based cohort study in Bahia, Brazil' Source: Elaborated by the authors. SINASC = Live Births Information System;
SIM = Mortality Information System; SIVEP = Acute Respiratory Syndrome Surveillance System

Both groups of participants, with and without a his-
tory of ARD during pregnancy, were mainly women aged
between 20 and 35 years (65.9% and 70.1%), with incom-
plete secondary education (59.3% and 62.0%), mixed race
(75.5% and 76.6%), and single or without a partner (64.5%
and 53.7%), respectively. Among women with no history
of ARD during pregnancy, there was a higher proportion
of residents in municipalities with medium and low HDI
(Table 1).

The proportions of sociodemographic variables were
similar for participants who were and were not exposed

to ARD during pregnancy, except for the HDI of their
municipality of residence (p=0.002), which showed a
statistically significant difference (Table 1).

Women exposed to ARD during pregnancy had the
median (and interquartile range) gestational age of symptom
onset at 33 weeks (27; 37 weeks); among these, those that
resulted in fetal death and live birth, respectively, were 31
(25; 36) and 38 (36; 39) weeks pregnant at the time of deliv-
ery. On the other hand, pregnancies not exposed to ARD,
but which resulted in stillbirth, had a median (and interquar-
tile range) duration of 36 (26; 37) weeks. And for pregnancies
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Table 1 Acute Respiratory distress (ARD) in pregnant women
(N and %) according to sociodemographic characteristics. Bahia,
Brazil, Jan 2019—Jun 2021 @
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Table 2 Acute Respiratory Distress (ARD) in pregnant women (N
and %) according to gestational characteristics. Bahia, Brazil, Jan
2019 - Jun 2021 °

ARD during pregnancy ARD during pregnancy
Sociodemographic Yes No b Gestational characteristics Yes No p®
Characteristics (N=765) (N=200,214) (N=765) (N=200,214)
n % n % n % N %

Age group (years) 762 100.00 199,993 100.00 0.245 Fetal death 765 100.00 200,214 100.00 <0.001

<19 98 1286 34,140 1707 Yes 32 418 2,678 1.34

20-35 502 65.88 140,204 70.10 No 733 9582 197,536 98.66

>36 162 2126 25649 1282 Type of pregnancy 695 100.00 199803 100.00 <0.001

Education (in years) 700 100.00 191,853 100.00 0.869 Single fetus 663 9540 195527 97.86

0to3 25 357 6,463 3.37 Twin fetus or more 32 460 4,276 2.14

4t07 126 1800 38,151 19.89 Fetus sex 697 100.00 200,001 100.00 0410

810 11 415 5928 118881 61.96 Male 345 4950 102263 51.13

12 or more 134 1914 28358 1478 Female 352 5050 97,738 4887

Race / Color 717 100.00 185,187 100.00 0.983 Parity 618 100.00 179,053 100.00 0.169

White 55 774 14,794 7.99 1%t pregnancy 199 3220 62522 3492

Black 112 1575 26359 1423 2" or more 419 6780 116531 6508

Mixed 537 7553 142339 7686 Type of delivery 694 100.00 199972 10000 <0.001

Oriental 6 084 819 044 Vaginal 234 3372 108,256 54.14

Indigenous 1 0.14 876 047 Cesarean 460 66.28 91536 4577

Marital status 693 100.00 192639 100.00 0.157 Congenital anomaly 645 100.00 193458 100.00 0.123

Single, divorced or widow 447 6450 103,374 53.66 Yes 9 1.40 1,512 0.78

Married or stable union 246 3550 89265 4634 No 636 9860 191,946 99.22

HDI of the municipality of 765 10000 200,175 100.00 0.002 Source: Live birth information system (SINASC); Mortality information system

residence (SIM); Epidemiological Surveillance System of Acute Respiratory Distress (SIVEP)

High or Very High (> 0.700) 310 4052 55601 2778 2 The exposed group (ARD during pregnancy = Yes) is composed of women

Medium (0.600—0.699) 313 4092 60717 3033 who had ARD in pregnancy during the COVID-19 pandemic period (Jan 2020
to Jun 2021). The non-exposed group (ARD during pregnancy = No) comprised

Low or Very Low (<0.599) 142 1856 83857  41.89 women who had a pregnancy before the onset of the COVID-19 pandemic (Jan

Sources: Live birth information system (SINASC); Mortality information system
(SIM); Epidemiological Surveillance System of Acute Respiratory Distress (SIVEP);
Brazilian Institute of Geography and Statistics (IBGE)

HDI Human Development Index

2The exposed group (ARD during pregnancy = Yes) is composed of women
who had ARD in pregnancy during the COVID-19 pandemic period (Jan 2020
to Jun 2021). The non-exposed group (ARD during pregnancy =No) comprised
women who had a pregnancy before the onset of the COVID-19 pandemic (Jan
to Dec 2019) and did not have ARD during pregnancy. These groups differ not
only because of ARD during pregnancy but also because of the environmental
changes resulting from the COVID-19 pandemic

b Chi-square teste (significance level of 5%)
The number in each category varies due to the presence of missing data

not exposed to ARD, and resulting in a live birth, the dura-
tion was 39 (38; 40) weeks (data not shown in table).

The percentage of fetal deaths (p<0.001), twin preg-
nancies (p<0.001) and cesarean deliveries (p<0.001)
was higher among women with a history of ARD dur-
ing pregnancy, compared to those without. On the other
hand, there was no statistically significant difference in
the proportions of congenital anomaly (p=0.123), fetus
sex (p=0.410), and maternal parity (p=0.169) between

to Dec 2019) and did not have ARD during pregnancy. These groups differ not
only because of ARD during pregnancy but also because of the environmental
changes resulting from the COVID-19 pandemic

5 Two-tailed Z test (significance level of 5%)

the groups of women with and without exposure to ARD
during pregnancy (Table 2).

All 765 pregnant women who had ARD were hospi-
talized, 286 (37.38%) were admitted to the ICU and 127
(16.6%) received invasive ventilation. SARS-CoV-2 was
identified as the etiologic agent of ARD in 432 (56.47%)
cases (379 confirmed by laboratory tests, and 53 by imag-
ing exams and clinical-epidemiological criteria), while 10
(1.30%) cases were due to other respiratory viruses. Also,
323 (42.23%) cases of ARD during pregnancy had no eti-
ologic diagnosis (data not shown in tables).

In the multiple logistic regression model, the chance of
fetal death was 306% higher in women exposed to ARD
during pregnancy (aOR 4.06 CI 95% 2.66; 6.21). In addi-
tion, women aged 36 or over (aOR1.57 CI 95% 1.34; 1.84),
with schooling from 0 to 3 (aOR 4.17 CI 95% 3.41; 5.10)
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and from 4 to 7 (aOR 1.72 CI 95% 1.45; 2.05) years of
study, with twin pregnancy (aOR 3.88 CI 95% 3.20; 4.70),
with male fetus (aOR 1.19 CI 95% 1.09; 1.31) and with
cesarean deliveries (aOR 0.43 CI 95% 0.38;0.47) were
independently associated with fetal deaths (Table 3).

The sensitivity analysis, restricted to COVID-19 labora-
tory-confirmed cases, showed that the risk of fetal death
was 345% higher (aOR 4.45 CI 95% 2.41; 8.20) when com-
pared to the unexposed group and controlled for mater-
nal age group, maternal education, type of pregnancy, sex
of the fetus and type of delivery (Table 4). Also, women
who had ARD during pregnancy accompanied by vaginal
delivery (aOR 7.06 CI 95% 4.21; 11.83), or by ICU admis-
sion (aOR 8.79 CI 95% 4.96; 15.58), or by use of invasive
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mechanical ventilation (aOR 21.22 CI 95% 9.93; 45.36),
had the chance of fetal deaths lifted, controlled for the
same covariables (Table 4). ARD during pregnancy com-
bined with cesarean delivery (aOR 1.03 CI 95% 0.91; 1.17)
was not associated with fetal deaths (data not show in
Table).

Discussion

This study showed that during the first two years of
the COVID-19 pandemic (2020-2021) SARS-CoV-2
virus was the main cause of ARD in pregnant women
from Bahia, Brazil. Also, it was possible to identify that
most cases of ARD in pregnancy occurred in the third
trimester, and that the median length of gestation of

Table 3 Crude and adjusted odds ratio obtained through logistic regression analysis for the association between Acute Respiratory
Distress (ARD) during pregnancy and fetal deaths. Bahia, Brazil, Jan 2019—Jun 2021 ®

Covariates Crude Odds Ratio® Cl 95% Fully adjusted Odds Ratio € Cl 95%
ARD during pregnancy

No 1 - 1 -

Yes 3.22 2.26;4.60 4.06 2.66;6.21
Age group (years)

<19 1 - 1 -

20-35 0.89 0.81;0.99 1.12 0.99;1.27

>36 1.34 1.18;1.54 1.57 1.34;1.84
Education (in years)

12 or more 1 - 1 -

08-11 1.22 1.05;1.41 111 0.95;1.31

4-7 2.02 1.72;2.37 1.72 1.45;2.05

0-3 6.14 5.13;7.36 4.17 3.41;5.10
Type of pregnancy

Single fetus 1 - 1 -

Twin fetus or more 3.11 2.64;3.66 3.88 3.20;4.70
Fetus sex

Female 1 - 1 -

Male 1.18 1.09;1.27 1.19 1.09;1.31
Type of delivery

Vaginal 1 - 1 -

Cesarean 0.44 0.39;0.47 0.43 0.38;0.47
HDI on the municipality of residence

High or Very High (> 0.700) 1 - 1 -

Medium (0.600—0.699) 1.16 1.05;1.28 0.99 0.89;1.11

Low or Very Low (<0.599) 1.25 1.13;1.39 0.97 0.86;1.10

Source: Live birth information system (SINASC); Mortality information system (SIM); Epidemiological Surveillance System of Acute Respiratory Distress (SIVEP);

Brazilian Institute of Geography and Statistics (IBGE)

HDI Human Development Index

2The exposed group (ARD during pregnancy = Yes) is composed of women who had ARD in pregnancy during the COVID-19 pandemic period (Jan 2020 to Jun 2021).
The non-exposed group (ARD during pregnancy =No) comprised women who had a pregnancy before the onset of the COVID-19 pandemic (Jan to Dec 2019) and
did not have ARD during pregnancy. These groups differ not only because of ARD during pregnancy but also because of the environmental changes resulting from
the COVID-19 pandemic

b Bivariate analysis

€ Adjusted for ARD during pregnancy, age group, education, fetus sex, type of pregnancy, type of delivery, and HDI of the municipality of residence of pregnant
women
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Table 4 Crude and adjusted odds ratio obtained through logistic regression analysis for the association between Acute Respiratory
Distress (ARD) during pregnancy (and COVID-19 laboratory confirmation, or UCI admission, or invasive mechanical ventilation, or
vaginal delivery) and fetal death. Bahia, Brazil, Jan 2019 - Jun 2021 @

Variables Crude Odds Cl 95% Fully adjusted Odds  C195%
Ratio® Ratio®

No history of ARD during pregnancy 1 - 1 -

ARD during pregnancy due to COVID-19, laboratory criteria 3.04 1.81;5.10 4.45 2.41;8.20

ARD during pregnancy, with Intensive Care Unit admission 5.54 3.51;8.75 8.79 4.96; 15.58

ARD during pregnancy, with invasive mechanical ventilation 6.99 3.76; 12.99 21.22 9.93;45.36

ARD during pregnancy, with vaginal delivery 6.58 4.36;9.93 7.06 4.21;11.83

2The exposed group (ARD during pregnancy = Yes) is composed of women who had ARD in pregnancy during the COVID-19 pandemic period (Jan 2020 to Jun 2021).
The non-exposed group (ARD during pregnancy =No) comprised women who had a pregnancy before the onset of the COVID-19 pandemic (Jan to Dec 2019) and
did not have ARD during pregnancy. These groups differ not only because of ARD during pregnancy but also because of the environmental changes resulting from

the COVID-19 pandemic

b Bivariate analysis

€ Adjusted for age group, education (in years), type of pregnancy (single or twin fetuses), fetus sex, type of delivery (vaginal or cesarean)

women who had ARD with fetal death was much shorter
(-8 weeks) than that of women who did not have ARD
nor fetal death in pregnancy.

Not surprisingly, ARD during pregnancy was strongly
associated with fetal deaths, and the greater the clinical
severity, the greater was the chance of fetal loss.

ARD is known to be a multietiological condition with
significant morbidity and mortality that, in pregnant
women, promotes maternal hypoxia and acute fetal dis-
tress due to reduced oxygen supply [27, 28]. Generally,
pregnant women are less tolerant of hypoxemia and more
prone to complications from viral infections [29, 30],
such as secondary bacterial infection, disseminated intra-
vascular coagulation, and multi-organ failure, and this
critical maternal illness can lead to serious consequences
for the fetus [31].

No wonder our results showed that a large part of the
participants diagnosed with ARD required intensive care,
and this reflected in a higher risk of fetal loss. The chance
of fetal death was more than four times higher among the
exposed compared to the unexposed group, either for all
etiologies or specifically when the causative agent of ARD
was the SARS-CoV-2 virus. And critical forms of ARD,
requiring artificial respiration support, increased the
chance of this outcome by up to 21 times.

SARS-CoV-2 can threaten the health of pregnant
women and their fetuses in different ways. First, this
virus disturbs cardiovascular homeostasis, by interfer-
ing with the signaling of the Renin-Angiotensin System
(RAS), which may be related to hypertensive disorders
of pregnancy, reduced placental blood flow by vasocon-
striction, and poor fetal outcomes [32, 33]. Data from
the INTERCOVID prospective cohort [34] showed that
COVID-19 during pregnancy is strongly associated
with preeclampsia, regardless of other risk factors and

pre-existing conditions. Pre-eclampsia, in turn, is associ-
ated with fetal deaths [35].

Moreover, in pregnancy, there is a physiological eleva-
tion in thrombin and fibrinogen, while a decrease in anti-
clotting and fibrinolytic activities [36]. In COVID-19, a
state of hypercoagulability occurs due to RAS dysregula-
tion and immune response mechanisms [37, 38]. Then,
COVID-19 in pregnancy can be considered a synergism
of pro-coagulation states, lifting the risks of maternal
coagulopathy and placental lesions, with worse conse-
quences for the fetus [39, 40].

The placenta is also a target site for SARS-CoV-2 acute
damage [40]. SARS-CoV-2 infection causes a type of pla-
centitis characterized by three patologic lesions: chronic
histiocytic intervillositis, massive perivillous fibrin depo-
sition and trophoblast necrosis; and this inflammatory
condition can promote placental malperfusion and insuf-
ficiency and be lethal to the fetus [41-43]. Apart from
this, in SARS-CoV-2 infection, the unique characteristics
of the pregnant woman’s immune system make them vul-
nerable to cytokine storm, an excessive immune response
that impairs the prognosis of this disease to the mother
and fetus [38, 40]

Although several respiratory viruses can cause ARD,
more than half of the cases in our study were diagnosed
with SARS-CoV-2 infection. Only 1.3% were due to other
respiratory viruses, and 41.17% did not have an etiologi-
cal diagnosis. This last information discloses flaws in the
health system, like problems accessing diagnostic exams,
or the loss of opportunity to accomplish laboratory tests
in a timely manner. However, it is very likely that most
of these undiagnosed cases were also caused by SARS-
CoV-2, given the 1154% increase in the frequency of ARD
in pregnant women in 2020 and 2021 [10], compared to
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the years before the COVID-19 pandemic, when all other
respiratory viruses were already circulating. Further-
more, the results of the regression models were very sim-
ilar when we analyzed all ARD cases and only those with
laboratory diagnoses of SARS-CoV-2 infection.

Some studies that evaluated participants with a history
of COVID-19 during pregnancy observed no increase
in fetal deaths [44—46]; these studies included pregnant
women with all clinical presentations of this infection,
with the vast majority of participants having asympto-
matic, mild or moderate forms. On the other hand, in our
study, the exposed participants had a more severe pres-
entation (acute respiratory distress).

Our findings are supported by other studies that
involved women with severe COVID-19 during preg-
nancy. In Sweden, Norway and Denmark, Ortqvist and
colleagues (2023) [47] observed that the percentage of
stillbirths in women admitted to the ICU due to severe
COVID-19 was 14 times higher than that for all birthing
women (4.2% versus 0.3%, respectively). In the United
Kingdom, Vousden et al. (2022) [48] found a higher risk
of stillbirth (aOR 2.51, 95% CI 1.35-4.66) among preg-
nant women with severe COVID-19, than those with
mild to moderate symptoms of this infection. However,
our study showed a more pronounced effect. This was
probably because our comparison group (not exposed)
included only women who were pregnant before the
onset of the COVID-19 pandemic, not exposed to SARS-
CoV-2 or the disruptions that occurred in health services
during the COVID-19 pandemic.

We adjusted our results for important variables
associated with fetal deaths. In our study maternal
age>36 years, low level of education (0 — 7 years of
schooling), twin pregnancies, fetal sex, and cesarean
delivery were independently associated with fetal deaths,
which corroborates the literature, as age greater than
35 years is a known risk factor for adverse obstetric out-
comes [49] and more severe forms of COVID-19 [50].
Low schooling is related to worse conditions of housing,
employment, income, gender violence, neighborhood,
and other social determinants of health [51], and the
COVID-19 pandemic may have exacerbated these social
vulnerabilities. The risk of fetal death in twin pregnancies
is usually higher than in singleton pregnancies [52]; but in
pregnant women with ARD, the high metabolic demand
of multiple fetuses can determine an even poorer prog-
nosis. Regarding fetal sex, we found a higher chance of
death for male fetuses, which is a finding reported by sev-
eral authors over decades and suggests a greater prenatal
vulnerability of males [53-55].

It is relevant to highlight that ARD during pregnancy
combined with cesarean delivery was not associated with
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fetal deaths; but cesarean delivery, singly, demonstrated
a protective effect against this adverse gestational out-
come. In fact, when correctly indicated, cesarean delivery
can benefit the ill pregnant woman, and save the fetus in
acute distress, depending on the gestational age and fetal
maturity. However, it is necessary to consider that urgent
cesarean preterm deliveries can prevent fetal death, but
studies are needed to assess the survival of premature
neonates in these situations.

Although there is no information about the vaccina-
tion status of the participants of this study, it is likely that
most of them were not immunized against SARS-CoV-2,
since the COVID-19 vaccination of pregnant women
started in Bahia in May 2021 [56], only for pregnant
women with comorbidities. For pregnant women without
comorbidities, this vaccination began in July 2021 [57],
but this study included only pregnancies that ended by
June 30" of that same year.

Our results must be interpreted considering their
strengths and limitations. Limitations of this study
include the use of administrative data, the use of prelimi-
nary data for 2021, the possibility of errors in the linkage
of the databases, lack of knowledge regarding vaccine sta-
tus, virus variants, maternal comorbidities, and potential
underreporting. Strengths include using data of events
under mandatory and universal surveillance (births,
deaths, and acute respiratory distress) from robust and
well-consolidated health information systems, and the
controlling for important confounders. To the best of our
knowledge, this is the first study to estimate the risk of
fetal deaths associated to ARD in pregnancy, in the con-
text of COVID-19 pandemic, in a middle-income coun-
try, and in a statewide population-based cohort.

Conclusion

Our results reiterate observations from previous studies
that the mother-infant binomial is very vulnerable to the
deleterious effects of severe COVID-19. It has important
implications for public policies and clinical practice, as it
alerts the need to prioritize pregnant women in preven-
tive actions against SARS-CoV-2 and other respiratory
viruses. Our study also suggests that pregnant women
infected with SARS-CoV-2 need to be monitored to avoid
complications of ARD, including a careful assessment of
the risks and benefits of early delivery to prevent fetal
death.

New studies are needed to determine the mechanisms
by which severe COVID-19 in pregnant women can lead
to fetal death and the influence of environmental issues
such as system constraints, co-infection with other res-
piratory viruses, delays in access to diagnosis and assis-
tance, with the increased risk of fetal losses.
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