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GEOEPIDEMIOLOGICAL ANALYSIS OF COVID-19 CASES IN PREGNANT WOMEN: A DESCRIPTIVE STUDY

ABSTRACT

Objectives: To describe the clinical-epidemiological aspects and spatial distribution of
COVID-19 in pregnant women in a municipality in the state of Maranh&o, Brazil. Methods: A
descriptive and ecological study with a quantitative approach, based on cases notified to the
Notifiable Diseases Information System (SINAN) between May 2020 and October 2021. The
variables used were: age, skin color/ethnicity, healthcare professional status, municipality of
residence, street, neighborhood, signs and symptoms, comorbidities, tests performed, test
completion, and case outcomes. Data were tabulated, followed by descriptive analysis,
incidence calculation, and geoepidemiological analysis. The study was approved by the
Research Ethics Committee of the Federal University of Maranhdo under opinion No.
4,754,078. Results: 313 pregnant women were analyzed. The incidence was 64.40/1000
inhabitants. The age group most represented was 26 to 35 years, most pregnant women
identified as mixed-race, and 8 were healthcare professionals. Symptoms such as fever, cough,
sore throat, and dyspnea were prominent. The most frequent health conditions were diabetes
and decompensated chronic respiratory diseases. Five census tracts with a significant
occurrence of COVID-19 in pregnant women were identified in the municipality. Conclusions:
The group most affected by COVID-19 consisted of young adult women, mixed-race, and from
census tracts with low socioeconomic status. The research provides data that can assist
managers in formulating prevention and assistance strategies for future health crises.

Keywords: Pregnant women; COVID-19; Spatial analysis.

INTRODUCTION

Severe acute respiratory syndrome coronavirus (SARS-CoV-2), the etiological agent of
COVID-19, has spread rapidly worldwide. The World Health Organization (WHO) reported
that as of July 5, 2023, 767,726,861 confirmed cases and 6,951,677 deaths had been recorded
globally*. Nationally, according to the Ministry of Health Bulletin published on September 12,
2024, the number of confirmed cases reached 38,907,7672. Regarding pregnant and postpartum
women, the Brazilian Obstetric Observatory (OOBTr) confirmed 25,192 cases of COVID-19 as
of September 13, 20242,

Characterized by various forms of progression, COVID-19 can manifest as
asymptomatic, mild, moderate, or severe. In extreme outcomes, the virus can lead to multi-

organ failure and death, primarily in high-risk groups, such as the elderly, individuals with
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decompensated chronic respiratory diseases, obesity, smokers, immunocompromised
individuals, and pregnant women®.

Pregnancy is a period of natural immunological and physiological changes, such as the
suppression of adaptive immunity and alterations in pulmonary function, which may render
pregnant women more susceptible to severe complications from infections. This vulnerability
is supported by evidence from previous coronavirus epidemics, such as Severe Acute
Respiratory Syndrome (SARS) and Middle East Respiratory Syndrome (MERS), which were
associated with concerning outcomes, including miscarriages and maternal death. Therefore, it
is crucial to study the effects of COVID-19 in this group®~’.

A study conducted in New York revealed that pregnant women with COVID-19 tend to
remain asymptomatic or develop only mild symptoms, with a reduced risk of hospitalization
for moderate aggravation. Despite the preliminary nature of these data, the findings are
significant for guiding clinical management; it should be noted that this population, even if not
the most critical, requires continuous attention, especially when they present with other
comorbidities®.

An international multicenter study compared countries and regions to evaluate global
regional differences in the burden of SARS-CoV-2 infection on maternal and perinatal
outcomes, observing substantial differences between world regions regarding disease burden
and gestational outcomes. It pointed out that geographical heterogeneity may be related to
health systems, socioeconomic conditions, and pandemic response capacity, which would
determine local variations and disease severity?®.

Studies show that intrauterine transmission of SARS-CoV-2 is biologically possible but
clinically uncommon, and the risk may be increased with the severity of maternal infection.
Thus, even with studies corroborating the possibility of transmission, analyses often present
methodological biases; one is the difficulty in accurately classifying whether the transmission
occurred via the intrauterine or intrapartum route>21°,

National studies on pregnant women with COVID-19 in Brazil investigate how the
saturation of the healthcare system during the pandemic hindered access to prenatal care,
aggravating maternal and neonatal outcomes!!. These studies analyze everything from the
profile and racial disparities of the affected women'%2 to the clinical and psychological impacts
of the pandemic on this group3*4.

Within the context of Maranhdo, a qualitative investigation analyzed the social

representations of pregnant women who underwent prenatal care during the disease outbreak in
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S30 Luis, MA®; another study showed the progression of maternal deaths during this period in
the southern part of the state; and a study verified deaths related to maternal obstetric causes in
Maranh&o between 2011 and 2020, in which, although it does not specifically observe COVID-
19, it concludes that there was an increase in maternal mortality between 2019 and 2020 during
the pandemic, but it does not provide a specific analysis of COVID-19 as a cause or associated
factor, nor did it evaluate spatial changes in the mortality pattern during the pandemic®.
However, no research was found that conducted ecological studies including the spatial
distribution of pregnant women notified with COVID-19 in the state of Maranhao.

The Geographic Information System (GIS) has been widely used since the beginning of
the COVID-19 pandemic, as it is possible to deduce areas of high or low risk for virus
morbidity!’. Spatial distribution aids in understanding how COVID-19 spread among pregnant
women and, thus, assists in formulating planning, implementations, and strategies that can
contribute to future health crisis situations*®. According to Ordinance 1,631/201 of the Ministry
of Health, epidemiological studies can assist in the distribution of the minimum number of beds
and resources to be offered™®.

Furthermore, the study is justified by the gap in investigations focusing on pregnant
women affected by the disease based on regional contexts, which, in this case, is the Southwest
of Maranhdo. The scarcity of published investigations on the epidemiological profile of
pregnant women notified with COVID-19 in Maranhdo cities is interesting to verify to what
extent local data approach the national scenario, thus exploring the dynamics of the disease in
the region and improving the understanding of the geoepidemiological context in which the
disease is inserted.

Given the above, the present study aimed to describe the clinical-epidemiological
aspects and the spatial distribution of COVID-19 in pregnant women in a municipality in the

state of Maranhdo, Brazil.

METHODS

This descriptive, ecological, quantitative study used data collected from notified
COVID-19 cases among pregnant women in the municipality of Imperatriz, Maranhdo, from
May 2020 to October 2021. Data collection was carried out from November to December 2021.
The study followed the recommendations of the STROBE Statement (Strengthening the

Reporting of Observational Studies in Epidemiology)°.
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The municipality of Imperatriz, located in the state of Maranhdo, has a land area of
1,369.039 km?, is situated on the banks of the Tocantins River, and is 629.5 km from the capital,
Sao Luis. With an estimated population of 259,980 inhabitants, it is considered the second-
largest city in the state and the second-largest political, cultural, and population center, also
serving as a university, commercial, and health hub (Figure 1).

According to data from the Imperatriz Municipal Government, the city has about 160
neighborhoods. The municipality has 218 census tracts (CT) in the urban area, according to the

distribution of the last census?!.
Figure 1 - Map of the State of Maranhdo, highlighting the municipality of Imperatriz-MA.
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< i Maranhao

Source: Adapted from geographic database

Data were obtained from the municipal epidemiological surveillance via the Notifiable
Diseases Information System (SINAN) (COVID-19 notification forms), which contains
information on notified pregnant women. The variables used were: age, skin color (yellow,
white, mixed-race, black, not reported), healthcare professional status (yes, no), municipality
of residence, street, neighborhood, signs and symptoms (coryza, dyspnea, diarrhea, headache,
sore throat, taste disorders, olfactory disorders, fever, cough, others, asymptomatic),
comorbidities (yes, no), types of comorbidities (diabetes, chronic heart disease, decompensated

chronic respiratory disease, advanced chronic kidney disease [stages 3, 4, or 5],
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immunocompromised, chromosomal diseases or immune fragility, obesity), tests performed
(rapid antigen test, antibody test, RT-PCR), and case outcomes (death, recovery, not reported).

COVID-19 notification parameters are distinguished based on clinical-epidemiological,
laboratory, and clinical-imaging criteria. Clinical criteria were considered based on the
assessment of acute respiratory conditions, characterized by the presence of at least two (2) of
the following signs and symptoms in the last 7 days: fever (even if referred), chills, sore throat,
headache, cough, coryza, olfactory disorders, or taste disorders.

Therefore, all pregnant women who met the notification criteria were included. After
extraction, the database was analyzed by two researchers from the team, and a decision was
made to exclude notifications with incomplete data and those in duplicate.

Variables were tabulated and organized in an electronic spreadsheet using Microsoft
Excel 2019 software (Version 2208 Build 16.0.15601.20072), which was also used to perform
the proposed descriptive analyses. Initially, the database consistency stage was performed,
including the identification and exclusion of duplicate records, verification of mandatory fields,
standardization of categorical variables, and checking for possible inconsistencies between
related variables. Records with missing essential information for analysis, chronological
discrepancies (such as incompatible or invalid dates), and values outside expected ranges for
numerical variables were considered inconsistent. When possible, inconsistencies were
corrected by verifying against the original epidemiological surveillance database; in cases
where the inconsistency persisted, the record was excluded from the respective analysis.

After data quality verification, descriptive statistical analysis was performed by
calculating absolute and relative frequencies of the patients' sociodemographic, clinical, and
laboratory characteristics.

To calculate incidence, the number of pregnant women monitored monthly in the
municipality during the study period was retrieved via the Health Information System for
Primary Care (SISAB), using the indicator “Pregnant women with the first prenatal care visit.”
The total number of pregnant women monitored monthly in the municipality of Imperatriz-MA
between May 2020, and October 2021 was 4,860. The formula used was: the number of
pregnant women with COVID-19 divided by the number of pregnant women in the
municipality, multiplied by 1,000.

The survey of cases notified during the proposed period was performed via remote
mapping, in which addresses were geocoded using the online platform BatchGeo
(https://pt.batchgeo.com/). Prior to geocoding, addresses from the municipal epidemiological
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surveillance underwent a textual standardization process, correcting orthographic
inconsistencies, standardizing street names, and verifying information completeness to reduce
location errors. Only records containing sufficient minimum information to identify the
residence spatially were used. In cases where the street number was absent or ambiguous, the
location was assigned to the centroid of the street or the reported reference area, with such
situations subjected to manual verification. Records whose addresses remained indeterminate
after verification were excluded from the spatial analysis.

The generated geocodes were exported to QGIS (version X.X), free software used for
visualization, management, editing, and analysis of spatial data, as well as for creating thematic
maps. The SIRGAS 2000 geodetic reference system was adopted, ensuring compatibility with
official cartographic bases. Visual validation of point positioning was performed, identifying
potential spatial discrepancies and making adjustments, when necessary, as a form of quality
control for georeferencing.

Geocoded cases (represented by points) were distributed within the census tract (CT)
grid of the municipality of Imperatriz, based on the 2010 Demographic Census from the
Brazilian Institute of Geography and Statistics (IBGE). This spatial unit was chosen because
the municipality lacks an official division of neighborhoods and, above all, because it is a
territorial division with well-defined boundaries and a smaller area compared to neighborhoods,
which provides greater analytical precision and reduces the spatial aggregation effect in rate
calculations.

In compliance with Resolutions 466/12 and 510/2016 of the National Health Council
(CNS), the research protocol was approved by the Research Ethics Committee of the Federal

University of Maranh&o under opinion No. 4,754,078.

RESULTS

During the analyzed period, 681 pregnant women with COVID-19 were notified in
Imperatriz-MA, with 176 cases in 2020 and 505 cases in 2021. Using the adopted criteria, 342
pregnant women (50.2%) were excluded from the analysis because they presented non-
reactive/non-detectable laboratory results and/or did not meet the confirmed clinical criteria, in
addition to 26 (3.8%) duplicate notifications. No imaging exams were used as a notification
criterion. Therefore, considering the adopted criteria, the analysis corpus is composed of 313
pregnant women (45.9%) notified with COVID-19 (Table 1).
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Table 1. Number of pregnant women by year of notification for COVID-19 via SINAN. Imperatriz,
Maranhdo, Brazil, May to December 2020 and January to October 2021.

2020 2021

Variable N % N %
Reagent/Detectable tests 31 17.6 125 24.7
Non-reagent/Non-detectable tests 63 35.8 279 55.2
Clinical criteria 70 39.7 87 17.2
Discarded cases 12 6.8 14 2.7
Imaging criteria 0 0 0 0
Total 176 100 505 100

Source: Research data. Municipal epidemiological surveillance and SINAN. Imperatriz — MA, Brazil,
May 2020 to October 2021.

Table 2 highlights the sociodemographic characteristics, indicating that the predominant
age group was 26 to 35 years (41.5%) and 18 to 25 years (37.1%). Results show that 2.5% of
the pregnant women were minors, and 1.60% were aged 56 years or older.

Regarding skin color/ethnicity, the research found the highest percentage of pregnant
women identified as mixed-race (76.3%). As for symptoms, the most frequent were cough
(59.7%), fever (46.1%), sore throat (44.1%), and dyspnea (33.2%). Asymptomatic cases
represented 4.4% of the total.

In the diagnosis of pregnant women with COVID-19, serological tests for antibodies
(22.7%), rapid antigen tests (23.0%), and molecular biology or RT-PCR tests (4.1%) were
performed. In other words, 50.2% of the pregnant women were notified based on the assessment
of signs and symptoms.

Of the 313 pregnant women notified by positive test or clinical criteria, 18 had some factor
associated with a higher health risk. The most prevalent health conditions were diabetes and
decompensated chronic respiratory disease (both at 1.9%).

Of the total number of pregnant women, 2.6% were healthcare professionals across various
categories. Regarding case outcomes, most lacked this information (99.7%); however, one
pregnant woman (0.3%) recovered, and one resulted in maternal death (a 24-year-old with

obesity).
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Table 2. Distribution of clinical-epidemiological and laboratory variables of COVID-19 cases notified in the
municipality of Imperatriz-MA (March 2020 to January 2021). Imperatriz, Maranh&o, Brazil, 2022.

Variable N %
Age group - -
<17 8 2.6
18-25 116 37.1
26-35 130 41.5
36-45 49 15.6
46-55 5 1.6
>56 5 1.6
Ethnicity - -
Asian 29 9.3
White 30 9.6
Mixed-race 239 76.3
Black 3 1.0
Not reported 12 3.8
Associated comorbidity - -
Yes 18 5.7
No 295 94.3
Types of comorbidities - -
Diabetes 6 1.92
Chronic heart disease 1 0.3
Decompesated chronic respiratory 6 1.9
disease
Advanced chronic kidney disease 1 0.3
(stages 3.4 or 5)
Immunocompromised 1 0.3
Chromosomal diseases or immune 2 0.6
fragility
Obesity 1 0.3
Tests completed - -
Rapid antigen test 72 23.0
Rapid antibody test (IgM/1gG) 71 22.7
RT-PCR 13 4.1
Symptoms* - -
Coryza 56 17.9
Dyspnea 104 33.2
Diarrhea 12 3.8
Headache 94 30.0
Sore throat 138 44.1
Taste disorders 39 12.5
Olfactory disorders 36 115
Fever 146 46.6
Cough 187 59.7
Others 54 17.2
Asymptomatic 14 45
Healthcare professional - -
Community health agent 2 0.6
Nurse 2 0.6
Physiotherapist 1 0.3
Nurse technician 1 0.3
Others 2 0.6
Case outcome - -
Death 1 0.3
Recovery 1 0.3
Not reported 311 99.7

Source: Municipal epidemiological surveillance and SINAN. Imperatriz — MA, Brazil, May 2020 to October 2021.
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The incidence of COVID-19 among pregnant women in the analyzed municipality was

64.4/1,000 inhabitants, being 47.0/1,000 in 2020 and 78.1/1,000 in 2021. Of the 313 cases of

pregnant women notified during this interval, 298 were georeferenced, representing 95.2% of
total cases.

Figure 2A illustrates the distribution of cases in the urban area of Imperatriz, MA, and

Figure 2B represents a map with the number of cases of pregnant women with COVID-19 by

census tract. The maps reveal a heterogeneous distribution of the health condition which,

despite being present across nearly the entire municipality, shows a higher concentration in

certain census tracts.

Figure 2A - General map of the distribution of cases of pregnant women with COVID-19 in the municipality of
Imperatriz (May 2020 to October 2021). Imperatriz-MA, Brazil. 2023.
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Figure 2B - Map of the distribution of cases of pregnant women with COVID-19 by census tract in the
municipality of Imperatriz-MA (May 2020 to October 2021). Imperatriz-MA, Brazil. 2023.
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The highest concentration of COVID-19 cases in pregnant women was found in census
tracts belonging to the Bom Jesus, Parque Alvorada I, Vila Lobdo, Sdo José, and Ouro Verde
neighborhoods, where five to six cases were notified. There was also an occurrence of three to
four cases in some census tracts encompassing Parque Santa Lucia, Vila Airton Sena, Vilinha,
Vila Nova, and Bacuri.

DISCUSSION

The physiological and immunological changes that occur during pregnancy may lead to
functional impairment when pregnant women are infected by upper respiratory tract pathogens,
such as the COVID-19 virus, where there is a tendency to progress to more severe clinical
conditions”?°,

In Brazil, there is no universal testing policy; however, the Recommendations Manual
for Assistance to Pregnant and Postpartum Women facing the COVID-19 Pandemic (2021)
states that all women at the time of clinical or surgical admission, or for vaginal delivery, should
undergo an RT-gPCR test for SARS-CoV-2, provided they have not had a previous positive

diagnosis. If the result is delayed, a rapid test is recommended322,
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In the analyzed municipality, there was a significant increase in the total number of
cases of pregnant women notified with COVID-19 between May 2020 and October 2021. This
increase may be attributed to the phase in which COVID-19 had high transmissibility, but it is
also important to highlight the greater availability of diagnostic tests, which may increase the
number of notifications and reactive/detectable cases®.

Despite this, a portion of the pregnant women was excluded from the proposed analyses
after applying the study's inclusion/exclusion criteria. Early in the pandemic, pregnant women
with characteristic signs and symptoms of COVID-19 would seek healthcare, but they did not
meet the defined clinical criteria or were not within the timeframe of at least 7 days from the
onset of symptoms for serological testing to be performed and infection confirmed. Some
returned to the health service for post-symptomatic testing, which may be one of the reasons
for the exclusion of some pregnant women at the onset of infection. It is important to highlight
that structural and care-related weaknesses may have contributed to failures in case
identification and notification, as well as influencing maternal outcomes*2,

During data analysis and considering the exclusion criteria, a number of duplicates was
observed, similar to a study conducted in Wuhan, China?®. Occasionally, duplications in this
study's notifications are due to the fact that reactive/detectable pregnant women sought the same
or another health service on the same day or 12 days after the first test. Another factor is that
some pregnant women tested non-reagent/non-detectable in one location and repeated the exam
in another service to confirm the previous result.

It is also interesting to note the high number of pregnant women who obtained a non-
reagent/non-detectable laboratory result (342; 50.2%) or who did not present clearly established
clinical criteria. In this sense, the exclusion of data in the analysis is justified by the inclusion
and exclusion criteria previously established in the study, yet they may indicate a limitation in
the sample's representativeness. Data analysis indicates great concern among pregnant women
regarding COVID-19, as they are part of one of the disease's risk groups®.

Regarding the age group variable, a predominance of notifications for young adult
pregnant women aged 18 to 35 was observed in the municipality of Imperatriz. This result is
expected, as this is the peak reproductive age group, and aligns with national research that has
evidenced the prevalence of pregnant women affected by COVID-19 between the ages of 20
and 39 years'®'?24 This finding was also verified in the international scenario, where an
investigation in China, Italy, and Iran found a higher frequency of infection in pregnant women
in the age group between 25 and 34 years’.
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Regarding ethnicity, the majority of pregnant women identified as mixed-race (76.36%),
a result similar to national studies. The population of Imperatriz, MA, is predominantly mixed-
race according to IBGE data, which points to a racial characteristic of the region®-,

Despite these results, the National Health Council (CNS) has recognized that the Black
population experiences greater vulnerability to COVID-19 exposure. In Recommendation No.
004, of March 30, 2021, the CNS highlights that Black individuals may face unfavorable
socioeconomic conditions that hinder social isolation and access to healthcare services.
Furthermore, they face precarious working conditions, contributing to higher susceptibility to
the disease?*. Another essential point refers to the prevalence of pathologies more common to
this racial group, which increase the chance of aggravation by COVID-19, such as arterial
hypertension, diabetes mellitus, and kidney disease, which worsen the clinical picture, resulting
in a hospitalization and death rate nearly twice as high among Black pregnant women compared
to White pregnant women'4-16,

According to research data, the most prominent comorbidities were Diabetes Mellitus
and decompensated chronic respiratory disease. A study conducted in Iran highlights that
pregnant women with comorbidities had more severe outcomes, demonstrating that the
presence of these conditions worsens pregnancy outcomes in women infected with COVID-
19%,

The overload of health systems during the pandemic hindered access to prenatal care,
especially for women with habitual and high-risk pregnancies, contributing to worse maternal
and neonatal outcomes®. Therefore, it is essential that pregnant women be monitored
appropriately to ensure access to necessary care within the Unified Health System (SUS),
especially in sanitary crisis situations.

The signs and symptoms of COVID-19 in pregnant women are similar to those in the
general population®?’. In this research, cough, fever, sore throat, and dyspnea were the most
frequent. National®?*?8 and international®®?® studies confirm these findings, varying only in
percentage. It is emphasized that the early and correct identification of symptoms, especially
the most severe ones, is crucial for rapid intervention and to reduce the risk of negative
outcomes.

Regarding the diagnosis of COVID-19 in pregnant women in Imperatriz, MA, it can be
verified that in 2020 the percentage of notifications by clinical criteria was higher than testing,

which may be related to the low quantity of tests available during that period?. In 2021, there
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was a significant advance in the number of tests, and consequently, notifications by clinical
criteria decreased.

Still regarding laboratory exams, two cases were recorded where exams were collected,
but they were not completed. Furthermore, analysis of the notification form identified that 59
exams were requested but not collected. Difficulties in obtaining tests, the number of people
waiting, and the testing sites may have contributed to this number of requests without collection
and completion®.

It is worth noting that there was no notification by clinical-imaging criteria in the
analyzed pregnant women. It is important to emphasize that at the beginning of the COVID-19
pandemic, the Ministry of Health recommended CT scans in cases of flu-like syndrome that
could not be confirmed by laboratory criteria. However, this type of exam does not present
specificity in relation to COVID-19 and is also high-cost. In Technical Note No. 14/2022-
CGGRIPE/DEIDT/SVS/MS of 2022, the clinical-imaging criterion was discontinued due to the
low sensitivity of this parameter, since changes in imaging exams in patients with COVID-19
can be found in patients with other pulmonary conditions*3L.,

A national study conducted in 2020 identified 124 deaths of pregnant or postpartum
women, a number 3.4 times higher than the total maternal deaths from COVID-19 reported
globally??. In Brazil, in 2020, maternal deaths from COVID-19 represented about 10% of total
deaths caused by the disease®?2.

It is interesting to observe that the number of deaths among pregnant women nationwide
was 1,365 from 2020 to 2022, while in Maranhdo, in the same period, the number of deaths was
50 according to OOBr data (2024)3. In Imperatriz, MA, one death was notified, in which the
pregnant woman was 24 years old, presented with sore throat, cough, fever, and dyspnea, and
had a comorbidity.

According to the study's findings, a small portion of the pregnant women presented
some comorbidity, among which Systemic Arterial Hypertension, Obesity, and Diabetes
Mellitus stood oct. National®? and international® literature also highlights these comorbidities
as more prevalent, even if not following the same percentage sequence. According to
Hantoushzadeh et al.?®, in a study conducted in Iran, pregnant women with comorbidities had
more severe outcomes, showing that the association worsens pregnancy results in women with
COVID-19.

During the COVID-19 pandemic, hospitals, basic health units, and clinics became
centers of high demand for diagnosis and treatment, which represents a significant risk of
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contagion, both for the pregnant women seeking these services and for the professionals
working in these environments®. The research highlighted the healthcare professionals most
affected during the pandemic, evidencing the need for public policies that protect them in
sanitary emergency situations.

It is worth noting that during the analyzed period, COVID-19 vaccinations were being
integrated gradually in Brazil. Following the determination by the Ministry of Health, pregnant
women were not included in the first stage of vaccination in the state of Maranhdo, which
justifies the absence of this data®. Only in July 2021 did the Ministry of Health include pregnant
women as a priority group in the National Immunization Program in Brazil®®. Siqueira et al.%,
in a study of maternal mortality from COVID-19, highlights the need for vaccination in the
obstetric population due to the group's high mortality rates.

Census tracts can be used to plan, collect, and disseminate the results of Censuses and
Statistical Surveys and thus direct health actions that can benefit the population at highest risk
and prevent complications?>®, Thus, despite the heterogeneous distribution of cases in the
urban area, on the map of cases of pregnant women with COVID-19 by census tract, a higher
concentration was observed in some tracts of the Bom Jesus, Parque Alvorada I, Vila Lobéo,
Sdo José, Ouro Verde, Parque Santa Lucia, Vila Airton Sena, Vilinha, Vila Nova, and Bacuri
neighborhoods.

It is highlighted that the previously cited neighborhoods have a higher number of
residents per household, which favors the dissemination of the disease through interpersonal
contact. Furthermore, they are characterized by intense socio-spatial inequalities, accompanied
by a lack of care from public administrations. It is also noted that the Vila Lobdo and Bacuri
neighborhoods, besides having low socioeconomic indicators, have open-air markets/fairs,
which may have contributed to the virus's circulation, as they presented gatherings of people®®-
41.

An ecological study using spatial analysis techniques and time series carried out in the
state of Maranh&o brought findings that corroborate those of this research, emphasizing that
during the first wave of COVID-19, space-time clusters of deaths from the disease were
detected in the western region of Maranhdo, where the Imperatriz Health Region is located, the
city with the highest number of deaths. They also highlight that the fact that Imperatriz has
reference hospitals for the treatment of COVID-19 patients may increase the risk of infection

due to the overload of health services and equipment*2,
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Another relevant piece of information refers to the fact that the municipality of
Imperatriz has a High-Risk Maternity (MARI), which is the largest medium and high-
complexity maternity hospital in the region and has the capacity to attend to 650 to 700 women
per month, offering support to 42 municipalities in the states of Maranhdo, Pard, and
Tocantins®®. This data justifies the significant number of pregnant women with COVID-19 who
were attended to in the municipality during the highlighted period.

Although the World Health Organization declared the end of the public health
emergency of international concern related to COVID-19, marking the transition from the
emergency pandemic scenario to a phase of continuous disease management in health systems,
there is still no consensus on the best approach to deal with COVID-19 during pregnancy and
childbirth44. In addition to clinical and epidemiological factors, it is crucial to consider
organizational, social, and political aspects. It is also fundamental that health professionals
remain updated on studies addressing the health of pregnant women, in order to offer complete
care to the mother and newborn, implementing evidence-based strategies to promote, recover,
and qualify assistance>*®. Thus, the study brought pertinent information on sociodemographic
and clinical characteristics, transmission, and distribution of COVID-19 in a risk population,
highlighting the importance of spatial analysis within a geographical region with different
realities.

Nevertheless, it is important to point out that this research has limitations, especially
regarding the completion of notification forms!®, such as reported outcomes and case
progression. It is emphasized that failures in the quality control of epidemiological information
can make results subject to ecological fallacy*®. The presented results and the pointing out of
such limitations indicate the need to allocate resources to census tracts and neighborhoods with
higher risk, that is, those that showed a higher number of cases, especially when involving
diseases transmitted via respiratory routes.

Although these problems did not directly compromise the results, they highlight the
need to implement training for health professionals, in order to guarantee accurate information,
which will benefit both research and the formulation of public health policies.

Another limitation to be highlighted consists of the denominator used for the incidence
calculation, which was based on data from the Health Information System for Primary Care
(SISAB), which records predominantly the follow-up carried out within the scope of the Unified
Health System. As there is no public database that integrates in a systematic way the prenatal

care of the private network in the municipality, it was not possible to estimate with precision
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this portion of the population. Such a characteristic may lead to the underestimation of the total
number of resident pregnant women; results were interpreted in light of this limitation inherent
to national health information systems. Still, the use of SISAB ensures methodological
standardization, data traceability, and comparability with similar epidemiological
investigations conducted in the context of Primary Care.

Furthermore, for future studies, we point out the need to include strategies that can
improve data completeness and thus enable the inclusion of more robust inferential and spatial

analyses, which explore associations, causalities between factors, or temporal trends.

CONCLUSIONS

Pregnant women belong to one of the high-risk groups for COVID-19. Therefore, this
research is relevant for contributing to national results by deepening the discussion on the
profile of pregnant women most affected by the disease and for better understanding the
pathology's behavior in the analyzed municipality.

Regarding the behavior of COVID-19 among pregnant women in the municipality of
Imperatriz-MA, the incidence was 64.40 per 1,000 inhabitants, being 47.04 per 1,000 in 2020
and 78.14 per 1,000 inhabitants in 2021. The group of women most affected was aged 18 to 35,
identified as mixed-race, and resided in census tracts with low socioeconomic profiles.

As a proposal for future studies, it is necessary to expand analyses on COVID-19
behavior among pregnant women to all municipalities in the state of Maranh&o, including more
robust inferential and spatial analyses. This would contribute to a greater understanding of the
associations between risk factors and the analyzed outcomes, thereby increasing the practical
and scientific applicability of the study.

This study reinforces the need for public policies that strengthen territorialized
epidemiological surveillance by directing resources and intensifying universal prenatal testing
in these priority census tracts. Furthermore, it is necessary to invest in the training of primary
care professionals for the early identification of symptoms and the qualified notification of
cases. Thus, the integration of these actions with intersectoral urban planning and the formal
inclusion of pregnant women as a priority group in vaccination and protection campaigns during
future health emergencies constitute strategic measures to reduce inequities and protect

maternal and infant health.

Revista Contexto & Saude - Editora Unijui — ISSN 2176-7114 — V. 26 — N. 51 — 2026 — 16604



18
GEOEPIDEMIOLOGICAL ANALYSIS OF COVID-19 CASES IN PREGNANT WOMEN: A DESCRIPTIVE STUDY

REFERENCES

1. World Health Organization. WHO Coronavirus (COVID-19) dashboard [Internet].
Geneva: WHO,; [cited 2023 Jul 5]. Available from: https://covid19.who.int

2. Brazil. Ministry of Health. Panel of cases of coronavirus disease 2019 (COVID-19) in
Brazil [Internet]. Brasilia: Ministry of Health; 2024 [cited 2023 Sep 12]. Awvailable
from: https://covid.saude.gov.br

3. Brazil. Ministry of Health. Brazilian Obstetric Observatory [Internet]. Brasilia: Ministry
of Health; 2024 [cited 2023 Sep 13]. Available
from: https://observatorioobstetrico.shinyapps.io/covid_gesta_puerp_br

4. Brazil. Ministry of Health. Secretariat of Health Surveillance. Epidemiological
surveillance guide: public health emergency of national importance due to coronavirus disease
2019 — COVID-19. Brasilia: Ministry of Health;2022.

5. Parenti ABH, Cruz CS, Berzuini GA, Bernardo LS, Silva TGM, Clapis MJ, et al.
Maternal health in the context of a public health emergency: reflections on the COVID-19
pandemic.. Res Soc Dev. 2022;11(4):€59811427647. doi:10.33448/rsd-v11i4.27647.

6. Abou Ghayda R, Li H, Lee KH, Lee HW, Hong SH, Kwak M, et al. COVID-19 and
adverse pregnancy outcome: a systematic review of 104 cases. J Clin Med. 2020;9(11):3441.
doi:10.3390/jcm9113441.

7. Barcelos IDES, Penna IA, Soligo AG, Costa ZB, Martins WP. Vertical transmission of
SARS-CoV-2: a systematic review. Rev Bras Ginecol Obstet. 2021;43(3):207-215.
d0i:10.1055/s-0040-1722256.

8. Sutton D, Bertozzi-Villa C, Lasky J, Fuchs K, Friedman A. Outcomes and epidemiology
of COVID-19 infection in the obstetric population. Semin Perinatol. 2020;44(7):151283.
doi:10.1016/j.semperi.2020.151283.

Q. Junaid Sheikh, Lawson H, Allotey J, Yap M, Balaji R, Kew T, Stallings E, Coomar D,
Gaetano-Gil A, Zamora J, Thangaratinam S; PregCOV-19 Living Systematic Review
Consortium. Global variations in the burden of SARS-CoV-2 infection and its outcomes in
pregnant women by geographical region and country's income status: a meta-analysis. BMJ
Global Health. 2022 Nov;7(11):e010060. doi:10.1136/bmjgh-2022-010060. PMID:36368768;
PMCID:PMC9659713.

10. Nogueira CMC, Alcantara JR, Costa HMG, Morais FRR, Bezerra KP, Fialho AVM.
National analysis of the profile of pregnant women affected by COVID-19. Braz J Health Rev.
2020;3(5):14267-14278. doi:10.34119/bjhrv3n5-228.

11. Roberton T, Carter ED, Chou VB, Stegmuller AR, Jackson BD, Tam Y, et al. Early
estimates of the indirect effects of the COVID-19 pandemic on maternal and child mortality in
low-income and middle-income countries: a modelling study. Lancet Glob Health.
2020;8(7):€901-e908. doi:10.1016/S2214-109X(20)30229-1.

Revista Contexto & Saude - Editora Unijui — ISSN 2176-7114 — V. 26 — N. 51 — 2026 — 16604


https://covid19.who.int/
https://covid.saude.gov.br/
https://observatorioobstetrico.shinyapps.io/covid_gesta_puerp_br

19
GEOEPIDEMIOLOGICAL ANALYSIS OF COVID-19 CASES IN PREGNANT WOMEN: A DESCRIPTIVE STUDY

12. Peres GP, Ferraz JG, Matos AFM, Zo6llner MSA. Epidemiological profile of pregnant
women infected with COVID-19. Braz J Infect Dis. 2022;26:102587.
doi:10.1016/j.bjid.2022.102587.

13. Francisco RPV, Lacerda L, Rodrigues AS. Obstetric Observatory BRAZIL — COVID-
19: 1031 maternal deaths because of COVID-19 and the unequal access to health care services.
Clinics (Sao Paulo). 2021;76:€3120. doi:10.6061/clinics/2021/e3120.

14, Ferreira RBS, Camargo CL, Sousa AR, Whitaker MCO. Morbidity and mortality of
pregnant women due to COVID-19 and racial biases: an intersectional analysis. Online Braz J
Nurs. 2022;21(suppl 2):€20226553. doi:10.17665/1676-4285.2022.6553.

15.  Sousa IMO. Social representations of pregnant women regarding prenatal care during
the COVID-19 pandemic [dissertation]. S&o Luis: Federal University of Maranh&o;2023.

16. Rocha APN, Almeida JS, Miranda MRC. Epidemiological profile of maternal mortality
in the state of Maranhdo, 2011 to 2020. Int J Dev Res. 2022;12(10):59475-59479.
doi:10.37118/ijdr.25438.10.2022.

17.  Alves de Oliveira R, Santos Neto M, Pascoal LM, Bezerra JM, Santos FS, Brito PS, et
al. Severe acute respiratory syndrome by COVID-19: clinical-epidemiological profile and
spatial distribution of deaths in Brazilian federative units. Mundo Saude. 2022;46:620-635.
doi:10.15343/0104-7809.202246620635p.

18. Ibiapina E, Bernardes A. The health map and the contemporary visibility regime. Saude
Soc. 2019;28(1):322—-336. doi:10.1590/S0104-12902019170982.

19. Brazil. Ministry of Health. Ordinance No. 1,631/GM, of October 1, 2015. Approves
criteria and parameters for the planning and programming of health actions and services within
the scope of the SUS (Unified Health System). Brasilia: Ministry of Health;2015

20. von EIm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC, Vandenbroucke JP;
STROBE Initiative. The STROBE Statement: guidelines for reporting observational studies.
PL0S Med. 2007;4(10):e296.

21. Brazilian Institute of Geography and Statistics. 2010 Demographic Census: results of
the universe by census tract. [Internet]. Rio de Janeiro: IBGE; 2010 [cited 2023 Jul 5]. Available
from: https://cens02010.ibge.gov.br

22. Takemoto MLS, Menezes MO, Andreucci CB, Nakamura-Pereira M, Amorim MMR,
Katz L, et al. The tragedy of COVID-19 in Brazil: 124 maternal deaths and counting. Int J
Gynaecol Obstet. 2020;151(1):154-156. doi:10.1002/ijgo.13300.

23. Wang Z, Wang Z, Xiong G. Clinical characteristics and laboratory results of pregnant
women with COVID-19 in Wuhan, China. Int J Gynaecol Obstet. 2020;150(3):312-317.
doi:10.1002/ijgo.13265.

24.  Godoi APN, Bernardes GCS, Almeida NA, Melo SN, Belo VS, Nogueira LS, et al.
Severe acute respiratory syndrome by COVID-19 in pregnant and postpartum women. Rev Bras
Saude Mater Infant. 2021;21(Suppl 2):461-469. doi:10.1590/1806-93042021005200008

Revista Contexto & Saude - Editora Unijui — ISSN 2176-7114 — V. 26 — N. 51 — 2026 — 16604


https://censo2010.ibge.gov.br/

20
GEOEPIDEMIOLOGICAL ANALYSIS OF COVID-19 CASES IN PREGNANT WOMEN: A DESCRIPTIVE STUDY

25. Brazil. National Health Council. Recommendation No. 004, of March 30, 2021.
Brasilia: CNS; 2021.

26. Hantoushzadeh S, Shamshirsaz AA, Aleyasin A, Seferovic MD, Aski SK, Arian SE, et
al. Maternal death due to COVID-19. Am J Obstet Gynecol. 2020;223(1):109.e1-109.e16.
d0i:10.1016/j.ajog.2020.04.030.

27.  Oppenheimer D, Fernandes MT, Mesquita NL. COVID-19 and pregnancy: main clinical
and laboratory manifestations and possible complications. Res Soc Dev.
2022;11(12):e279111234427. doi:10.33448/rsd-v11i12.34427.

28. Huntley BJF, Huntley ES, Di Mascio D, Chen T, Berghella V, Chauhan SP. Rates of
maternal and perinatal mortality and vertical transmission in pregnancies complicated by
SARS-CoV-2 infection: a systematic review. Obstet Gynecol. 2020;136(2):303-312.
d0i:10.1097/A0G.0000000000004010.

29. Lopes de Sousa AF, Carvalho HEF, Oliveira LB, Schneider G, Camargo ELS,
Watanabe E, et al. Effects of COVID-19 infection during pregnancy and neonatal prognosis:
what is the evidence? Int J Environ Res Public Health. 2020;17(11):4176.
doi:10.3390/ijerph17114176.

30. Magno L, Rossi TA, Mendonca-Lima FW, Santos CC, Campos GB, Marques LM, et
al. Challenges and proposals for expanding COVID-19 testing and diagnosis in Brazil. Cien
Saude Colet. 2020;25(9):3355-3364. doi:10.1590/1413-81232020259.17812020.

31. Brazil. Ministry of Health. Technical Note No. 14/2022-CGGRIPE/DEIDT/SVS/MS
[Internet]. Brasilia: Ministry of Health; 2022 [cited 2023 Jul 5]. Available
from: https://www.gov.br/saude

32.  Takemoto MLS, Menezes MO, Andreucci CB, Nakamura-Pereira M, Amorim MMR,
Katz L, Knobel R. The tragedy of COVID-19 in Brazil: 124 maternal deaths and
counting. International Journal of Gynecology & Obstetrics. 2020 Oct;151(1):154-156.
doi:10.1002/ijgo.13300.

33. Barja-Ore J, Valverde-Espinoza N, Campomanes-Pelaez E, Alaya Rodriguez N,
Sanchez Garavito E, Silva Ramos J, et al. Caracteristicas epidemioldgicas y complicaciones
obstétricas en gestantes con diagndstico de COVID-19 en un hospital publico. Rev. cuba. med.
mil [Internet]. November 15, 2021 [cited 9 mar 2026];50(4):e02101644. Available from:
https://revmedmilitar.sld.cu/index.php/mil/article/view/1644

34. Hantoushzadeh S, Shamshirsaz AA, Aleyasin A, Seferovic MD, Aski SK, Arian SE, et
al. Maternal death due to COVID-19. American Journal of Obstetrics and Gynecology. 2020
Jul;223(1):109.e1-109.e16. doi:10.1016/j.ajog.2020.04.030.

35. State Secretariat of Health of Maranhdo — (SES/MA). Regional Health Units. Available
from: https://www.saude.ma.gov.br/unidades-regionais-de-saude/. Cited: 01 oct. 2023

36. BRAZIL. Services and Information from Brazil. Government recommends Covid-19
vaccination for pregnant and postpartum women without comorbidities. Available from:
https://encurtador.com.br/cgNR8. Cited: 01 oct. 2023.

Revista Contexto & Saude - Editora Unijui — ISSN 2176-7114 — V. 26 — N. 51 — 2026 — 16604


https://www.gov.br/saude
https://revmedmilitar.sld.cu/index.php/mil/article/view/1644

21
GEOEPIDEMIOLOGICAL ANALYSIS OF COVID-19 CASES IN PREGNANT WOMEN: A DESCRIPTIVE STUDY

37.  Siqueira TS, de Souza EKG, Martins-Filho PR, Silva JRS, Gurgel RQ, Cuevas LE, et
al. Clinical characteristics and risk factors for maternal deaths due to COVID-19 in Brazil: a
nationwide population-based cohort study. Journal of Travel Medicine. 2022 May
31;29(3):taab199. doi:10.1093/jtm/taab199.

38. Porto Neto LB, Ribeiro GO, Sousa MHF, Gontijo CC, Machado DGS, Moreira MH, et
al. The importance of active case finding as a strategy in leprosy screening. Res Soc Dev.
2022;11(9):e24711931827. doi:10.33448/rsd-v11i9.31827.

39. Gordon ASA, Gomes JMS, Costa ACPJ, Serra MAAO, Neto MS, Xavier MB.
Incidence of leprosy in children under 15 years of age in Imperatriz, Maranhdo. Arq Cienc
Saude UNIPAR. 2017;21(1). doi:10.25110/argsaude.v21i1.2017.6072.

40.  Silva JC, Santos LFS, Santos FS, Pascoal LM, Dias ICCM, Costa ACPJ, et al. Spatial
and spatiotemporal clusters of tuberculosis in a municipality in Northeast Brazil. Saude Pesqui.
2021;14(3). doi:10.17765/2176-9206.2021v14n3e8493.

41.  Lopes FC, Sousa GGS, Silva WM, Costa ACPJ, Santos FS, Pascoal LM, et al. Spatial-
temporal analysis of leprosy in a priority Brazilian municipality. Rev Bras Enferm. 2021;74(3).
d0i:10.1590/0034-7167-2020-1101.

42.  da Silva JC, de Sousa GGDS, de Oliveira RA, Santos LFS, Pascoal LM, Santos FS, et
al. Spatiotemporal risk assessment and COVID-19 trend estimation in a federative unit in
northeastern Brazil. Transactions of the Royal Society of Tropical Medicine and Hygiene. 2023
Aug 3;117(8):580-590.

43. Maranhdo. Government of Maranhdo. Government delivers new wing of the Regional
Maternal and Child Hospital (HRMI) in Imperatriz. Official website of the Government of
Maranh&o.Available from: https://encurtador.com.br/klJS4. Cited: 01 oct. 2023.

44,  World Health Organization. Statement on the fifteenth meeting of the IHR (2005)
Emergency Committee regarding the coronavirus disease (COVID-19) pandemic. Geneva:
World Health Organization; 2023.

45.  Ochiai D, Kasuga Y, lida M, lkenoue S, Tanaka M. Universal screening for SARS-
CoV-2 in asymptomatic obstetric patients in Tokyo, Japan. Int J Gynaecol Obstet.
2020;150(2):268-269. doi:10.1002/ijgo.13252.

46. Mirahmadizadeh A, Ghelichi-Ghojogh M, Vali M, Jokari K, Ghaem H, Hemmati A, et
al. Correlation between human development index and COVID-19 indices: a global ecological
study. BMC Public Health. 2022;22(1). do0i:10.1186/s12889-022-13698-5.

Submitted: October 24, 2024
Accepted: March 16, 2026
Published: July 16, 2026

Revista Contexto & Saude - Editora Unijui — ISSN 2176-7114 — V. 26 — N. 51 — 2026 — 16604



22

GEOEPIDEMIOLOGICAL ANALYSIS OF COVID-19 CASES IN PREGNANT WOMEN: A DESCRIPTIVE STUDY

Authors’ Contributions

Estefane Nascimento de Sousa:

Pablinny da Silva Santos:

Maria Luiza Vieira Araujo:

Janiel Conceicéo da Silva:

Giana Gislanne da Silva de Sousa:

Marcelino Santos Neto:

Ariadne Siqueira de Aradjo Gordon:

Janaina Miranda Bezerra:

Formal analysis, investigation, data presentation design, original

manuscript writing.

Original manuscript writing, writing — revision and editing.
Original manuscript writing.

Methodology, investigation, writing — revision and editing.
Formal analysis, data presentation design.

Conceptualization, investigation, data and experiment validation,

writing — revision and editing, data presentation design.
Supervision, data and experiment validation, writing — revision and
editing.

Conceptualization, project administration, supervision, data and
experiment validation, data presentation design, writing — revision

and editing.

All authors approved the final version of the text.

Conflicts of interest: There is no conflict of interest.

Funding:

This study received financial support from the Maranhdo Foundation for

Research and Scientific and Technological Development.

Corresponding author: Janaina Miranda Bezerra
Federal University of Maranhdo — UFMA

Av. da Universidade, s/n, Dom Afonso Felipe Gregory

janaina.mb@ufma.br

Editor: Matias Nunes Frizzo. PhD

This is an open access article distributed under the terms of the Creative Commons license. L-H:

Revista Contexto & Saude - Editora Unijui — ISSN 2176-7114 — V. 26 — N. 51 — 2026 — 16604



mailto:janaina.mb@ufma.br
https://creativecommons.org/licenses/by/4.0/

