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HIGHLIGHTS

* Respiratory symptoms common in the 2021 Gamma outbreak in pregnant women.

* CVD caused poor outcomes in pregnant/postpartum women with COVID-19.

* Gamma COVID-19 was most lethal for pregnant/postpartum women with CVD in Brazil.
* This study underscores the Gamma variant’s significant impact on maternal outcomes.

ARTICLE INFO ABSTRACT

Keywords: Objective: The aim of the study was to assess the impact of the Gamma coronavirus disease 2019 (COVID-19) vari-
COVID-19 Gamma Variant ant on pregnant and postpartum women with Cardiovascular Disease (CVD).

Pregnancy

Methods: The Influenza Epidemiological Surveillance System database (SIVEP-Gripe), a compulsory notification
system for cases of Severe Acute Respiratory Syndrome (SARS), was investigated for notified cases of pregnant
and postpartum women with reported CVD and SARS due to COVID-19 between February 16, 2020 and May 1,
2021 (when vaccination began), was investigated. In this retrospective cohort, two groups were formed based on
symptom onset date, according to the predominance of the variants: original (group 2020) and Gamma (group
2021). Cases with missing information on the presence or absence of CVD were excluded. The comparative analy-
sis was controlled for confounding variables.

Results: Among 703 COVID-19 cases notified with CVD (406 patients in 2020 and 297 patients in 2021), compared
to 2020, cases in 2021 had more respiratory symptoms (90.6 % vs. 80.1 %, p < 0.001), greater ventilatory support
need (75.3 % vs. 53.9 %, p < 0.001), more ICU admission (46.6 % vs. 34.3 %, p = 0.002), longer duration (20.59
+14.47 vs. 16.52 + 12.98 days, p < 0.001), higher mortality (25.6 % vs. 15.5 %, p < 0.001), with more than two-
times mortality likelihood in the third trimester (adjusted OR = 2.41, 95 % CI 1.50—3.88, p < 0.001) or puerpe-
rium periods (adjusted_OR = 2.15, 95 % CI 1.34—3.44, p = 0.001).

Conclusions: In Brazil, pregnant and postpartum women with CVDs in the Gamma variant phase have higher mor-
bidity and mortality than those affected by the original variant of Coronavirus-19.

Cardiovascular Diseases

Introduction

The Coronavirus Disease 2019 (COVID-19) pandemic witnessed a
significant increase in maternal deaths.'”* Accordingly, pregnant and
postpartum women with Cardiovascular Diseases (CVDs) require atten-
tion in this context, as they have a higher maternal mortality rate than
the general population,®® and CVD is an isolated risk marker for COVID-
19 complications in the general population.”

*Corresponding author.
E-mail address: carolina.burgarelli@hc.fm.usp.br (C.B. Testa).
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Since the start of the pandemic, COVID-19 infection surmounted
704,000 deaths in Brazil,®° including at least 2,065 maternal
deaths.>'%'? Temporal distribution of deaths reveals the first epidemic
wave, which presented a plateau between May and September 2020,
and the second wave, with a rise beginning in March 2021, a peak in
April, and a decrease in June 2021.° The authors observed a signifi-
cantly higher number of deaths in 2021, with 1,518 maternal deaths
(73.5 % of the total maternal deaths in 2020 and 2021).'2
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In November 2020, a Brazilian variant of SARS-CoV-2, known as P.1,
also called the Gamma variant, was identified.'* The mutations identi-
fied in this variant were responsible for higher virulence and greater
resistance to antibodies.’® Due to its greater transmissibility, the Gamma
variant displayed a rapid expansion, and as of January 2021 was the
most prevalent in the Brazilian population.'’-'?

Given the possible difference between the pathogenicity of the var-
iants, it is important to assess whether the morbidity and mortality asso-
ciated with the Gamma variant in the group of pregnant and postpartum
women with CVD had an impact on the primary clinical characteristics
of symptoms, length of hospital stay, ICU admission, need for ventilatory
support and death. The aim of the study was to assess the impact of the
Gamma variant on pregnant and postpartum women with CVD.

Methods

During the COVID-19 pandemic, the cases of hospitalized patients
with Severe Acute Respiratory Syndrome (SARS) were compulsorily
notified to the Brazilian Ministry of Health, through the Influenza Epide-
miological Surveillance System (SIVEP-Gripe).

Through the SUS (Sistema Unico de Satide) open data system, access
to anonymized data from the SIVEP (Sistema de Informacao de Vigi-
lancia Epidemioldgica da Gripe)-influenza database is allowed, without
individual identification of the patient.'®'” Ethical review and approval
were waived for this study due to an open-base study, according to Bra-
zilian regulations.

A positive case of SARS is defined as an individual who has flu-like
syndrome, with at least two of the following signs and symptoms: fever,
chills, sore throat, headache, cough, runny nose, olfactory disorders or
taste disorders), who present: dyspnea/respiratory distress or persistent
pressure or pain in the chest or O, saturation lower than 95 % in room
air or bluish coloration (cyanosis) of the lips or face.'®

On May 5, 2021, the authors searched the SIVEP-influenza database
for cases reported in the period between the start of the COVID-19 epi-
demic in Brazil (from February 16, 2020, the eighth epidemiological
week of 2020) and immediately before the start of vaccination of preg-
nant and postpartum women (until May 1, 2021, the 17 epidemiologi-
cal week of 2021). The study design was conducted in accordance with
STROBE statement guidelines.

In this observational retrospective cohort, SARS cases with a diagno-
sis of COVID-19 confirmed by the Ministry of Health criteria (91.9 %
with laboratory diagnosis) who were hospitalized were selected. Subse-
quently, the authors selected pregnant and postpartum women aged
between 10 and 55 years, with final notification and who had informa-
tion on the presence of CVD. Cases with missing information on the pres-
ence or absence of CVD were excluded.

Two groups were formed according to the date of onset of symptoms,
according to the predominance of the original variants: 2020 (between
February 16, 2020, and December 31, 2020) and Gamma variant, 2021
(from January 1, 2020 to May 1, 2021).

The variables evaluated were the: date of onset of symptoms, age,
race, education, time of pregnancy, risk factors, and declared comorbid-
ities (hemopathy, liver disease, asthma, diabetes, neuropathy, lung dis-
ease, immunodepression, nephropathy and obesity), symptoms, ICU
admission, ventilatory support, orotracheal intubation and outcome.

The analyses were performed using the statistical software R,'® with
qualitative variables presented as absolute frequency (n) and percentage
(%) and quantitative variables presented as mean + standard deviation.
The comparison between the groups for categorical variables was per-
formed using the chi-square test with Yates’ continuity correction, and,
when necessary, Fisher’s exact test. In addition, Odds Ratios (OR), with
95 % Confidence Interval (95 % CI) were also calculated. For continuous
variables, the comparison between the independent groups was ana-
lyzed using the Student t-test or Wilcoxon rank sum test with continuity
correction, when appropriate. The results were considered statistically
significant when p < 0.05.

Clinics 79 (2024) 100454

Considering that this is a non-experimental study, the groups of 2020
and 2021 were balanced with respect to age, ethnic group, obesity, ges-
tational moment, and the presence of diabetes (potential confounding
variables in the study) in order to control selection biases. Propensity
Score Matching (PSM) was used for estimating and assessing the balanc-
ing weights of the observations to make two balanced groups through
the Inverse Probability of Treatment Weighting Method (IPTW). Logistic
regression was the method used to create the propensity score weights
and the Average Treatment Effect (ATE) was estimated for treatment
effects based on IPTW. Analyses related to the comparison of symptoms
and outcomes in the groups with and without CVD were redone consid-
ering the PSM weights. PSM was carried out with the R Weightlt
package.”*?!

Results

The cases of COVID-19 reported in SIVEP-Influenza between the 8™
epidemiological week of 2020 (which corresponds to the beginning of
the COVID-19 epidemic in Brazil) and the 17® epidemiological week of
2021 (immediately before the start of vaccination of pregnant and post-
partum women) were evaluated. The selection of cases is described in
Figure 1.

The present study group was composed of 703 patients with referred
CVD, 406 patients in 2020 and 297 patients in 2021. Still regarding the
age variable, the youngest woman with CVD was 15 years old and 41
women with CVD were at least 50 years old, 9 of them were 55 years
old.

Table 1 presents the epidemiological data. There was no difference in
age and disease profile associated with CVD between 2020 and
2021 years, except for obesity, which was more frequent during the
period of predominance of the Gamma variant. Brown women were
more frequently affected in 2020, while white women were more
affected in 2021, indicating that, among those with heart disease, there
was a change in the profile of those affected by COVID-19 with respect
to race.

Regarding the distribution of patients according to the trimester of
pregnancy at the time of admission, the most frequent gestational period
at the evaluated times was the third trimester. Nevertheless, in 2021,
there was a reduction in the percentage of patients who were in the third
trimester and an increase in the proportion of cases hospitalized in the
first and second trimesters of pregnancy (Table 1).

In particular, symptoms of dyspnea, respiratory and oxygen satura-
tion lower than 95 % were more prevalent in 2021 (Table 2). Regarding
the number of respiratory symptoms, in 2021, at least 3 respiratory
symptoms were reported in 48.6 % of the cases of COVID-19 among
pregnant and postpartum women with CVD. This was a much higher
percentage than in 2020, at 31.9 % of cases.

In 2021 there was an increase in the frequency of patients admitted
to the ICU, but the mean length of stay did not change. When assessing
the need for ICU at the time of pregnancy or puerperium, the authors
observed that the risk of admission in the 3™ trimester was 2.4-fold
higher in 2021 and similar in the other stages of pregnancy. The need
for ventilatory support was more frequent in 2021. The risk of orotra-
cheal intubation was similar in the 1** and 2™ trimesters and in the puer-
perium, and almost quadrupled for 3™ trimester pregnant women in
2021 (Table 3).

The disease was, on average, more prolonged in 2021, particularly
for patients who recovered.

Patients who had the disease in 2021 also had higher mortality com-
pared to 2020. While mortality was 15.5 % in 2020 in the group of
women with CVD, in 2021 it was 25.6 %. The assessment at the time of
pregnancy showed that the risk of death was similar between 2020 and
2021 for patients in the 1%t and 2" trimesters and higher in 2021 for
patients in the 3™ trimester and in the puerperium period. The risk of
death was also similar among patients undergoing orotracheal intuba-
tion in the two periods evaluated. However, the mortality rate among
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Eight epidemiological week 2020 to 17th epidemiological week 2021; N=2,037,811 (84.10%)

A

Unconfirmed suspected cases; N=708,555

Confirmed cases of COVID-19; N=1,329,256 (65.3%)

Non-hospitalized cases; N=66,543

Hospitalized cases; N=1,263,713 (95%)

Male; N=701,424

Fernale; N=562,289 (44.5%)

)

Women <10 years old or >55 years old; N=359,672

Age from 10 to 55 years old; N=202,617 (36%)

A

Women outside pregnancy-puerperal cycle; N=190,474

Pregnant and postpartum women; N=12,143 (6%; 2.16% women)

Unfinished cases; N=1,359

Completed cases; N=10,784 (88.8%)

A

No cardiovascular disease information; N=6,586

Year 2020 N=2,438 (58%); Year 2021 N=1,760 (42%)

Information on the presence of cardiovascular disease; N=4,198 (39%)

A

Absence of cardiovascular disease; N=3,495 (83.2%)

Presence of cardiovascular disease; N=703 (16.,7%)

2020; N=406 (57.8%%) I

2021; N=297 (42.2%)

Fig. 1. Case selection.

these patients was extremely high, at 59.6 %. Table 3 demonstrates the
comparison of outcomes between 2020 and 2021.

Discussion

Patients with CVD who contracted the COVID-19 virus in 2021 were
more symptomatic from a respiratory point of view, needing more non-
invasive and invasive ventilatory support, and having a higher risk of
ICU admission, with the risk of ICU admission for 3" trimester pregnant
women being 2.4-fold higher. The disease had a longer course to out-
come and mortality was higher, with more than twice the likelihood of
death in the 3™ trimester and puerperium period.

Several studies have evaluated clinical outcomes in obstetric popula-
tions with COVID-19 and reported pregnancy and the puerperium
period as risk factors for ICU admission, with an OR of 1.5 to 6.6%%*
and the need for invasive ventilatory support in up to 23 % of cases.**

The presence of CVD has also been recognized as a negative prognos-
tic marker for the clinical course of COVID-19 patients. In a multicenter
study that evaluated 1,044 patients with congenital CVD with COVID-19
(87 % cases of laboratory confirmation of COVID-19), 51 % of women
and 23 pregnant women at the time of infection, there were 24 deaths
due to COVID-19 (2.3 %). Anatomical complexity was not related to

prognosis, but there was a higher proportion of deaths in patients with
worse functional class (p = 0.002). The overall mortality reported above
is lower than that found in this study since outpatients were included.
Among the 67 ICU admissions, 36 cases received invasive ventilation
(53.7 %) and, among those submitted to invasive ventilation, mortality
was 52.°° In the present study, which included only hospitalized
patients, the rates of invasive ventilatory support were 16.6 % in 2020,
and 30 % in 2021, lower than those found by Broberg et al.,*® but the
mortality rate among patients undergoing OTI was comparable to that
reported by the authors (59.6 %), which reaffirms the peculiarity of the
population with CVD, in particular the obstetric population.

Alizadehsani et al.”® evaluated 660 CVD patients hospitalized in Iran
between January 2020 and January 2021, and found a mortality of
15.5 %, with no difference between men and women, and a positive cor-
relation between mortality and symptoms: loss of consciousness (p <
0.001), decrease in saturation < 93 % (p < 0.001) and need for mechani-
cal ventilation (p < 0.001). Women’s hospitalization was, on average,
longer (7.03 + 6.97, p = 0.004).° The authors noticed that the markers
found in this study that showed a positive correlation with mortality in
patients with CVD were more frequent in hospitalized patients through-
out 2021, more often had a drop in saturation, need for OTI, and
increased length of hospital stay.
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Other studies that included hospitalized CVD patients, regardless of
the puerperal pregnancy cycle, found a five-fold higher mortality risk
compared to individuals without CVD (OR
—7.70),%” as well as a risk of severe disease progression (27.8 % vs.
8.8 %) and higher mortality rate (22.2 % vs. 9.8 %).%® In a meta-analysis

Table 1

Demographic and clinical characteristics of pregnant and postpartum women with Cardiovascular Disease

(CVD) hospitalized with confirmed COVID-19 in the years 2020 and 2021 — Brazil, 02/16,/2020 to 05/01/

2021.

Patient Characteristics 2020 2021 2021 versus 2020
Pregnant and Puerperal Women with CVD  n = 406 (16.7 %) n = 297(16.9%)  Odds Ratio p
Ethnic category n (%) n (%)
Yellow 1(0.3) 1(0.4) 0.020
White 124 (36.6) 125 (49.0)
Indigenous 1(0.3) 1(0.4)
Brown 181 (53.4) 108 (42.4)
Black 32(9.49) 20(7.8)
Schooling n (%) n (%)
None 1 (0.6) 1(0.7) 0.477
155t grade 20 (11.0) 19(13.9)
69" grade 30 (16.6) 29 (21.2)
High school 95 (52.5) 70 (51.1)
Higher education 35(19.3) 18 (13.1)
Age (years) Mean + SD Mean + SD

33.96 +£8.11 34.96 + 8.49 0.117
Age group n (%) n (%)
< 20 years old 10 (2.5) 2(0.7) 0.128
20—34 years old 208 (51.2) 145 (48.8)
> 35 years old 188 (46.3) 150 (50.5)
Gestational period n (%) n (%)
1% trimester 20 (4.9) 27 (9.1) 0.04
274 trimester 74 (18.2) 70 (23.6)
3 trimester 173 (42.6) 111 (37.4)
Unknown GA 18 (4.4) 16 (5.4)
Puerperium 121 (29.8) 73 (24.6)
Associated diseases n (%) n (%)
Hematologic 8(2.7) 2(0.9) 0.32(0.03-1.62) 0.199
Diabetes 101 (32.5) 81 (33.3) 1.04 (0.73-1.49) 0.903
Obesity 64 (21.6) 70(29.4) 1.51 (1.02-2.24) 0.049
Asthma 26 (8.9) 18(8.0) 0.89 (0.48-1.67) 0.849
Liver diseases 3(1.0) 2(0.9) 0.85 (0.07-7.49) 0.999
Neuropathies 5(1.7) 7(3.1) 1.81 (0.57-5.79) 0.469
Lung diseases 10(3.4) 3(1.3) 0.38 (0.10-1.41) 0.224
Immunodeficiencies 10(3.5) 7(3.1) 0.90 (0.34-2.41) 0.999
Kidney disease 11(3.8) 11 (4.9) 1.29 (0.55-3.03) 0.715
At least one associated disease 172 (51.7) 147 (56.5) 1.22(0.88-1.69) 0.271
Number of associated diseases n (%) n (%)
0 161 (48.3) 113 (43.5) 0.584
1 121 (36.3) 108 (41.5)
2 41 (12.3) 30(11.5)
>2 10 (3.0) 9(3.5)

Table 2
Symptoms of COVID-19 in pregnant and postpartum women with CVD hospitalized with confirmed COVID-19 in the
years 2020 and 2021 — Brazil, 02/16,/2020 to 05/01/2021.

= 4.85; 95 % CI 3.06

2020 2021 2021 versus 2020 Weighted Propensity Score Matching

Symptoms n (%) n (%) OR p OR p
Fever 228 (60.8) 178 (66.9) 1.30 (0.94-1.81) 0.134 1.25(1.00-1.58) 0.062
Cough 282 (74.0) 219 (78.8) 1.30 (0.90-1.88) 0.186 1.19 (0.92-1.53) 0.210
Sore throat 86 (25.4) 58 (25.1) 0.98 (0.67-1.44) 0.999 0.95 (0.73-1.25) 0.787
Smell 42(23.1) 66 (28.2) 1.31 (0.84-2.05) 0.284 1.26 (0.92-1.73) 0.180
Taste 46 (25.3) 61 (25.6) 1.02 (0.65-1.59) 0.999 1.00 (0.73-1.37) 0.999
Diarrhea 41(12.3) 33(14.2) 1.18(0.72-1.93) 0.592 1.02(0.72-1.45) 0.968
Vomiting 39(11.7) 30(13.2) 1.14(0.68-1.89) 0.713 0.98 (0.69-1.40) 0.991
Abdominal pain 21(11.9) 21(9.2) 0.75 (0.40-1.43) 0.481 0.77 (0.49-1.20) 0.302
Fatigue 53(28.8) 77 (32.1) 1.17 (0.77-1.77) 0.536 1.15(0.85-1.54) 0.408
Dyspnea 255 (67.6) 222(80.4) 1.97 (1.36-2.84) <0.001 1.93 (1.49-2.48) <0.001
Respiratory distress 204 (55.9) 166 (65.6) 1.51 (1.08-2.10) 0.019 1.46 (1.16-1.84) 0.002
Saturation < 95 % 181 (50.3) 184 (69.2) 2.22(1.59-3.09) <0.001 1.91 (1.52-2.40) <0.001
Symptoms, > 1 387 (95.6) 286 (97.9) 2.22(0.87-5.66) 0.135 2.02 (1.07-3.81) 0.039
Respiratory symptom, > 1 314 (80.1) 259 (90.6) 2.38 (1.49-3.80) <0.001 2.19 (1.59-3.01) <0.001
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of 423,117 patients, Dessie et al.> found a 17.62 % mortality rate in hos-
pitalized patients with COVID-19 (95 % CI 14.26 %—21.57 %) and the
presence of CVD was a marker of negative prognosis (pOR = 1.83,95 %
CI 1.50-2.17). Raj et al.,>° 2023, evaluated in-hospital mortality and
complicated COVID-19 infection in adult patients with congenital heart
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Table 3
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Outcome comparison between 2020 and 2021 of pregnant and postpartum women with cardiovascular disease hospitalized with confirmed COVID-

19, Brazil, 02/16,/2020 to 05/01/2021.

2020 2021 2021 versus 2020 Weighted Propensity Score Matching
ICU n (%) n (%) OR p OR p

131 (34.3) 132 (46.6) 1.67 (1.22-2.29) 0.002 1.58 (1.27-1.97) <0.001
ICU by pregnancy period n (%) n (%)
1°* trimester 8(40.0) 8(32.0) 0.71 (0.21-2.41) 0.807 0.56 (0.24-1.30) 0.256
2" trimester 28 (39.4) 32(48.5) 1.45(0.73-2.85) 0.371 1.27 (0.79-2.05) 0.389
34 trimester 43 (26.7) 52(48.6) 2.59 (1.55-4.34) <0.001 2.43 (1.70-3.49) <0.001
Puerperium 49 (43.0) 34 (48.6) 1.25 (0.69-2.28) 0.557 1.27 (0.84-1.92) 0.294
Days of ICU stay Mean + SD Mean + SD
Mean + SD 13.67 +£16.39 14.95+13.10 0.219 0.809
Ventilatory support n (%) n (%)
No 172 (46.1) 69 (24.7) <0.001 <0.001
Yes, non-invasive 139 (37.3) 126 (45.2)
Yes, invasive 62 (16.6) 84 (30.1)
Orotracheal intubation n (%) n (%)

62 (16.6) 84 (30.1) 2.16 (1.49-3.14) <0.001  2.01(1.54-2.62) <0.001
Orotracheal intubation by pregnancy period n (%) n (%)
1* trimester 3(16.7) 6(26.1) 1.74(0.30-12.67)  0.706 1.85 (0.65-5.23) 0.363
2" trimester 14 (20.6) 19(29.2) 1.59 (0.72-3.53) 0.341 1.39 (0.80-2.43) 0.309
34 trimester 14 (8.9) 30(27.8) 3.96 (1.98-7.90) <0.001 3.79 (2.27-6.31) <0.001
Puerperium 28 (24.8) 24 (35.3) 1.66 (0.86-3.19) 0.179 1.55 (0.98-2.44) 0.077
Outcome n (%) n (%)
Recovery 343 (84.5) 221 (74.4) 1.87 (1.29-2.72) 0.001 1.93 (1.48-2.52) <0.001
Death 63 (15.5) 76 (25.6)
Death by pregnancy period n (%) n (%)
1% trimester 3(15.0) 5(18.5) 1.28 (0.21-9.42) 0.999 1.41 (0.48-4.15) 0.729
2" trimester 15 (20.3) 17 (24.3) 1.26 (0.57-2.77) 0.705 1.30 (0.74-2.29) 0.437
34 trimester 18(10.4) 24 (21.6) 2.38(1.22-4.62) 0.015 2.41 (1.50-3.88) <0.001
Puerperium 23(19.0) 24 (32.9) 2.09 (1.07-4.07) 0.044 2.15(1.34-3.44) 0.001
Days between onset of symptoms and outcome  Mean + SD Mean + SD CVD
Any outcome 16.52+12.98  20.59 +14.47 <0.001 <0.001
Recovery 1594 +12.27  19.66 +14.91 0.002 0.012
Death 19.56 +16.03 23.24 +£12.85 0.036 0.166

disease by evaluating a database that includes approximately 20 % of US
hospitals. Among 4,219 patients with congenital heart disease, 639
(15.1 %) patients died (OR = 1.04, 95 % CI 1.04—1.04, p < 0.01) and
1290 (28.6 %) presented complicated conditions (OR = 1.30, 95 % CI
1.11-1.53, p < 0.01). In this sample, adjusted OR (aOR) was calculated.
Age (aOR = 1.03, 95 % CI 1.01-1.05), malnutrition (aOR = 2.16, 95 %
CI 1.35-3.44) and liver disease (aOR = 5.55, 95 % CI 3.13-9.82) were
correlated with mortality.>°

Few studies have evaluated the association between CVD and the
puerperal pregnancy cycle. In a previous population study by the present
group, where the authors evaluated hospitalized pregnant and postpar-
tum women with COVID-19, comparing 602 women with CVD with
2,960 who did not have CVD, we found that those with CVD were more
symptomatic (p < 0.001), had a greater need for ICU admission (p <
0.001), ventilatory support (p = 0.004), and higher mortality rate
(18.9 % vs. 13.5 %, p < 0.001). The risk of death was 32 % higher
(OR = 1.32, 95 % CI 1.16—1.50), especially in the second (OR = 1.94,
95 % CI 1.43—2.63) and third (OR = 1.29, 95 % CI 1.04—1.60) trimes-
ters, as well as in the puerperium period (OR = 1.27, 95 % CI 1.03
-1.56).°

Several studies that evaluated the outcomes according to the tempo-
ral evolution of the pandemic revealed the possibility of more critical
evolutions according to the predominant variant in circulation. Overall,
they found a higher mortality associated with the second year of the
pandemic, increased risk of ICU admission, and increased need for inva-
sive ventilatory support in the general population.®'-**

The second pandemic year in Brazil was marked by the increased
prevalence of the Gamma variant, known to be more virulent. In this
study, the authors observed worse clinical outcomes in pregnant and
postpartum women with CVD in 2021, findings that can be attributed to
exposure to a more lethal variant.

In a Brazilian population study that assessed the same period (Febru-
ary to December 2020 and January to May 2021) and evaluated
975,109 cases of patients hospitalized with COVID-19, there was no dif-
ference in the prevalence of CVD between the periods evaluated. In
2021, all groups evaluated (men, women outside the pregnancy-puer-
peral cycle, and pregnant and postpartum women) had more dyspnea
(56 % vs. 69.4 %, OR = 1.78, 95 % CI 1.62-1.96), desaturation (32 %
vs. 54.3 %, OR = 2.52, 95 % CI 2.29-2.78), OTI (10 % vs. 18.3 %,
OR = 2.02, 95 % CI 1.78-2.30) and mortality (7.5 % vs. 17.4 %,
OR = 2.60, 95 % CI 2.28-2.97).>> The assessment of this population,
composed only of women with CVD, revealed similar outcomes, but
with a higher prevalence of events in both periods under evaluation,
with dyspnea affecting 80.4 % of patients in 2021 (OR = 1.93, 95 % CI
1.49-2.48), desaturation in 69.2 % (OR = 1.91, 95 % CI 1.52—-2.40)
and higher mortality, with an increase from 15.5 % in 2020 to 25.6 % in
2021. These findings demonstrate the impact of CVD on the outcome of
the obstetric population.

The data found corroborate other published studies that demonstrate
that maternal morbidity and mortality were higher in the second year of
the pandemic, despite the increase in the scientific community’s knowl-
edge about the disease.>>>*

The strengths of this study include the use of a robust database in
Brazil, in which there is compulsory notification of cases, and which has
been in operation since 2009, with the pandemic caused by the HIN1
influenza virus. Since then, hospitalized cases of Severe Acute Respira-
tory Syndrome have been compulsorily notifiable in Brazil. The authors
are therefore working with a consistent database, and the data compiled
is reliable, allowing the evaluation of a significant number of hospital-
ized pregnant and postpartum women with CVD, that is, with a clinical
picture of greater severity and with a high rate of laboratory confirma-
tion of COVID-19 when compared to other published medical studies.
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The documentation of a higher risk of severe involvement by SARs-
CoV in the maternal, pregnant, and postpartum population is essential
for the organization of resources and public policies. The authors are
aware of the fragility of the public health system in Brazil, thus identify-
ing women with CVD as a risk group can help implement differentiated
health care, especially in relation to hospitalization and ventilatory sup-
port. Given the severity of the clinical evolution of CVD patients and
pregnant women, understanding the evolution of the disease in these
cases is essential so that the authors are prepared for other possible viral
diseases or pandemics that may occur and that may target the cardiore-
spiratory system in the future, as occurred with COVID-19, and greater
attention is given to this population aiming at reducing the risk of mater-
nal death. In addition, this population is considered to be at higher risk
from the outset and can receive specific health care, with greater vigi-
lance, especially when the authors evaluate low adherence to vaccina-
tion and vaccine boosters.

The main limitations of the present study were the use of a national
database, which depends on the adequate completion of information
and, when evaluating only complete notifications to maintain reliability,
the authors found a high number of losses. Furthermore, genomic isola-
tion did not occur in the cases assessed, and the authors evaluated the
strain with the highest population prevalence at the time of evaluation.
It is worth mentioning that the authors selected the cases that were
affected before the availability of the vaccine for the Brazilian obstetric
population, and, therefore, the effects of immunization are not reflected
in this study. Unfortunately, the form used for compulsory notification
of Severe Acute Respiratory Syndrome cases in SIVEP-Gripe only con-
tains information on the presence or absence of chronic cardiovascular
disease as a personal history, without detailing the type of disease. This
prevents us from evaluating the variants according to the CVD group.

Conclusion

In Brazil, pregnant and postpartum women with CVDs in the Gamma
variant phase have higher morbidity and mortality than those affected
by the original variant of Coronavirus-19.

The higher prevalence of the Gamma variant in 2021 had a direct
impact on patients with CVDs, with an increase in symptoms, ICU admis-
sions, the need for invasive and non-invasive ventilatory support and,
above all, maternal mortality, making the first 17 epidemiological weeks
of 2021 the most lethal phase of the pandemic for the Brazilian obstetric
population with CVDs.

Supplementary materials
The following supporting information can be downloaded at: https://

github.com/observatorioobstetrico/COVID19_CVD_2020vs2021, Fig. S1:
title; Table S1: title; Video S1: title.

Conflicts of interest

The authors declare no conflicts of interest.

Declaration of generative Al and Al-assisted technologies in the
writing process

The authors did not use generative artificial intelligence or artificial
intelligence-assisted technologies in the manuscript writing process.

Data availability

The data that support the findings of this study are available in the
GitHub repository at https://github.com/observatorioobstetrico/COV-
ID19_CVD. These data were derived from the following resources avail-
able in the public domains: https://opendatasus.saude.gov.br/dataset/

Clinics 79 (2024) 100454

bd-srag-2020 and https://opendatasus.saude.gov.br/dataset/bd-srag-
2021, obtained on May 5, 2021.

Ethical approval

Ethical review and approval were waived for this study due to an
open-base study, according to Brazilian regulations.

Informed consent

Patient consent was waived due to it is a populational study in an
open anonymized database, according to Brazilian regulations.

Authors’ contributions

Conceptualization, C.B.T., L.G.G. and R.P.V.F; Data curation, C.B.T.,
L.G.G.; Formal analysis, C.B.T., L.G.G., N.A.J.M., M.R.F.L.B., A.S.R. and
R.P.V.F,; Funding Acquisition: A.S.R and R.P.V.F.; Investigation: C.B.T.,
L.G.G. and R.P.V.F; Methodology, C.B.T., L.G.G., M.R.F.L.B., A.S.R. and
R.P.V.F; Project administration, R.P.V.F. and A.S.R.; Supervision, R.P.V.
F.; Validation, L.G.G. and N.A.J.M; Visualization, M.R.F.L.B; Writing-
original draft, C.B.T.; Writing-review & editing, M.R.F.L.B., L.G.G., A.S.
R. and R.P.V.F. All authors have read and agreed to the published ver-
sion of the manuscript.

Funding

This research was funded by Bill & Melinda Gates Foundation, the
National Council for Scientific and Technological Development (CNPQ —
Brasilia, Brazil), and the Foundation for Research and Innovation Sup-
port of the State of Espirito Santo (FAPES - Espirito Santo, Brazil) are
funding source.

Role of funding sources

Funding has not been involved in the study design; in the collection,
analysis and interpretation of data; in writing the report; and in the deci-
sion to submit the article for publication.

References

1. Zaigham M, Andersson O. Maternal and perinatal outcomes with COVID-19: a system-
atic review of 108 pregnancies. Acta Obstet Gynecol Scand 2020;99(7):823-9.

2. Observatério Obstétrico Brasileiro. OOBr SRAG: sindrome respiratdria aguda grave
em gestantes e puérperas. retrieved from https://observatorioobstetrico.shinyapps.io/
covid_gesta_puerp_br.

3. Cantwell R, Clutton-Brock T, Cooper G, Dawson A, Drife J, Garrod D, et al. Saving
mothers’ lives: reviewing maternal deaths to make motherhood safer: 2006-2008. The
eighth report of the confidential enquiries into maternal deaths in the United King-
dom. BJOG: Int J Obstet Gynaecol 2011;118(1):1-203. Suppl.

4. Regitz-Zagrosek V, Roos-Hesselink JW, Bauersachs J, Blomstrom-Lundqvist C, Cifkova
R, De Bonis M, et al. 2018 ESC guidelines for the management of cardiovascular dis-
eases during pregnancy. Eur Heart J 2018;39(34):3165-241.

5. Painel de monitoramento de Mortalidade Materna por CID 10. Datasus 2021. Avali-
able Online http://svs.aids.gov.br/dantps/centrais-de-conteudos/paineis-de-monitor-
amento/mortalidade/materna/ Accessed date 26 June.

6. Testa CB, Godoi LG, Bortolotto M, Monroy NAJ, Mattos BR, Rodrigues AS, et al. Car-
diovascular diseases worsen the maternal prognosis of COVID-19. PLoS One 2023;18
(2):e0266792.

7. Mehra MR, Desai SS, Kuy S, Henry TD, Patel AN. Cardiovascular disease, drug therapy,
and mortality in COVID-19. N Engl J Med 2020;382(25):e102.

8. Dong E, Du H, Gardner L. An interactive web-based dashboard to track COVID-19 in
real time. Lancet Infect Dis 2020;20(5):533-4.

9. Brasil. Ministério da Satide. Informes semanais COVID-19. Avaliable Online https://
www.gov.br/saude/pt-br/coronavirus/informes-semanais-covid-19/covid-19-situa-
cao-epidemiologica-do-brasil-ate-a-se-27-de-2023. Accessed date 27 September 2023.

10. Vieira RP. Obstetric Observatory BRAZIL-COVID-19: 1031 mater-nal deaths because
of COVID-19 and the unequal access to health care services. Avaliable Online https://
opendatasus.saude.gov.br/. Accessed date 11 October 2021

11. Castro MC, Kim S, Barberia L, Ribeiro AF, Gurzenda S, Ribeiro KB, et al. Spatiotempo-
ral pattern of COVID-19 spread in Brazil. Science (1979) 2021;372(6544):821-6.


https://github.com/observatorioobstetrico/COVID19_CVD_2020vs2021
https://github.com/observatorioobstetrico/COVID19_CVD_2020vs2021
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0001
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0001
https://observatorioobstetrico.shinyapps.io/covid_gesta_puerp_br
https://observatorioobstetrico.shinyapps.io/covid_gesta_puerp_br
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0004
http://svs.aids.gov.br/dantps/centrais-de-conteudos/paineis-de-monitoramento/mortalidade/materna/
http://svs.aids.gov.br/dantps/centrais-de-conteudos/paineis-de-monitoramento/mortalidade/materna/
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0008
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0008
https://www.gov.br/saude/pt-br/coronavirus/informes-semanais-covid
https://www.gov.br/saude/pt-br/coronavirus/informes-semanais-covid
https://opendatasus.saude.gov.br/
https://opendatasus.saude.gov.br/
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0011

C.B. Testa et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Jr Sabino EC, Buss LF, Carvalho MPS, Prete CA, Crispim MAE, Fraiji NA, et al. Resur-
gence of COVID-19 in Manaus, Brazil, despite high seroprevalence. Lancet 2021;397
(10273):452-5.

Rodrigues A, Lacerda L, Francisco RPV. Brazilian obstetric observatory. arXiv preprint
arXiv:210506534.

World Health Organization. Tracking SARS-CoV-2 variants. Avaliable Online https://
www.who.int/en/activities/tracking-SARS-CoV-2-variants/.

Robinson J, Banerjee I, Leclézio A, Sathian B. COVID-19 and mutations a threat level
assessment. Nepal J Epidemiol 2021;11(1):983-7.

Brasil. Ministério da Saide. Departamento de informdtica. Open data SUS system.
Avaliable Online https://opendatasus.saude.gov.br/dataset/bd-srag-2020.

Brasil. Ministério da Satude. Departamento de. Open data SUS system. Available
Online https://opendatasus.saude.gov.br/dataset/bd-srag-2021.

Brasil. Ministério da Satide. Defini¢ao de caso e notificagao. Definicao de caso e
notificagao. Avaliable Online https://coronavirus.saude.gov.br/definicao-de-caso-e-
notificacao.

Core Team R. R: a language and environment for statistical computing. Vienna, Aus-
tria: R Foundation for Statistical Computing; 2018.

Austin PC. An introduction to propensity score methods for reducing the effects of con-
founding in observational studies. Multivariate Behav Res 2011;46(3):399-424.

Noah G. Weightlt: weighting for covariate balance in observational studies. R package
version 0. retrieved 16 November 2023 from https://CRAN.R-project.org/package = -
Weightlt.

Ellington S, Strid P, Tong VT, Woodworth K, Galang RR, Zambrano LD, et al. Charac-
teristics of women of reproductive age with laboratory-confirmed SARS-CoV-2 infec-
tion by pregnancy status - United States January 22-June 7, 2020 MMWR Morb
Mortal Wkly Rep 2020;69(25):769-75.

Zambrano LD, Ellington S, Strid P, Galang RR, Oduyebo T, Tong VT, et al. Update:
characteristics of symptomatic women of reproductive age with laboratory-confirmed
SARS-CoV-2 infection by pregnancy status - United States January 22—October 3,
2020 MMWR Morb Mortal Wkly Rep 2020;69(44):1641-7.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Clinics 79 (2024) 100454

Sentilhes L, De Marcillac F, Jouffrieau C, Kuhn P, Thuet V, Hansmann Y, et al. Corona-
virus disease 2019 in pregnancy was associated with maternal morbidity and preterm
birth. Am J Obstet Gynecol 2020;223(6). 914.e1-15.

Broberg CS, Kovacs AH, Sadeghi S, Rosenbaum MS, Lewis MJ, Carazo MR, et al.
COVID-19 in adults with congenital heart disease. J Am Coll Cardiol 2021;77
(13):1644-55.

Alizadehsani R, Eskandarian R, Behjati M, Zahmatkesh M, Roshanzamir M, Izadi NH,
et al. Factors associated with mortality in hospitalized cardiovascular disease patients
infected with COVID-19. Immun Inflamm Dis 2022;10(3):e561.

Li X, Guan B, Su T, Liu W, Chen M, Bin Waleed K, et al. Impact of cardiovascular dis-
ease and cardiac injury on in-hospital mortality in patients with COVID-19: a system-
atic review and meta-analysis. Heart 2020;106(15):1142-7.

Zhang J, Lu S, Wang X, Jia X, Li J, Lei H, et al. Do underlying cardiovascular diseases have
any impact on hospitalized patients with COVID-19? Heart 2020;106(15):1148-53.
Dessie ZG, Zewotir T. Mortality-related risk factors of COVID-19: a systematic review
and meta-analysis of 42 studies and 423,117 patients. BMC Infect Dis 2021;21(1):855.
Raj K, Vyas V, Yeruva K, Gangu K, Majeed H, Desai A, et al. Mortality and complica-
tions of COVID-19 among adult congenital heart disease patients: a retrospective
cohort study using the national inpatient sample database. Curr Probl Cardiol
2023;48(6):101644.

Mullins E, Evans D, Viner RM, O’Brien P, Morris E. Coronavirus in pregnancy and
delivery: rapid review. Ultrasound Obstet Gynecol 2020;55(5):586-92.

Kasraeian M, Zare M, Vafaei H, Asadi N, Faraji A, Bazrafshan K, et al. COVID-19 pneu-
monia and pregnancy; a systematic review and meta-analysis. J Matern Fetal Neonatal
Med 2022;35(9):1652-9.

Gongalves BMM, Franco RPV, Rodrigues AS. Maternal mortality associated with
COVID-19 in Brazil in 2020 and 2021: comparison with non-pregnant women and
men. PLoS One 2021;16(12):e0261492.

Kadiwar S, Smith JJ, Ledot S, Johnson M, Bianchi P, Singh N, et al. Were pregnant
women more affected by COVID-19 in the second wave of the pandemic? Lancet
2021;397(10284):1539-40.


http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0012
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0012
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0012
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0013
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0013
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0015
https://opendatasus.saude.gov.br/dataset/bd-srag-2020
https://opendatasus.saude.gov.br/dataset/bd-srag-2021
https://coronavirus.saude.gov.br/definicao-de-caso-e-notificacao
https://coronavirus.saude.gov.br/definicao-de-caso-e-notificacao
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0020
https://CRAN.R-project.org/package=WeightIt
https://CRAN.R-project.org/package=WeightIt
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0024
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0024
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0024
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0025
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0025
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0025
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0026
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0026
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0026
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0027
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0027
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0027
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0028
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0028
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0029
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0029
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0030
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0030
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0030
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0030
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0031
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0031
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0032
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0032
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0032
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0033
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0033
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0033
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0033
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0034
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0034
http://refhub.elsevier.com/S1807-5932(24)00131-5/sbref0034

	Impact of Gamma COVID-19 variant on the prognosis of hospitalized pregnant and postpartum women with cardiovascular disease
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Supplementary materials
	Conflicts of interest
	Declaration of generative AI and AI-assisted technologies in the writing process
	Data availability
	Ethical approval
	Informed consent
	Authors´ contributions
	Funding
	Role of funding sources

	References


