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Abstract

This study analyzes the association of incidence and mortality rates by COVID-19 in the municipalities of the state of
Sergipe, Brazil with indicators of social vulnerability and human development used in the country, as well as with the
rate of RT-PCR exams for the diagnosis of the disease performed by each municipality. This is an ecological study of
COVID-19 cases and deaths accumulated from March 2020 to March 2021, which occurred in the State of Sergipe
by municipality; and its correlation with the Social Vulnerability Index (SVI), Municipal Human Development Index
(MHDI), and number of RT-PCR tests performed to diagnose the disease, using Spearman's correlation (p). Contrary
to our hypotheses and the scientific literature, municipalities with higher rates of social vulnerability and lower human
development had fewer cases of the disease and deaths per inhabitant, while testing less for the diagnosis of COVID-19.
The study points to inequity as a factor to be overcome in the face of the pandemic, as it impairs a proper diagnosis of

the scenario closer to reality, compromising the planning and implementation of collective health measures.
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INTRODUCTION

Since the characterization of COVID-19 as
a pandemic on March 11, 2020 by the World
Health Organization, health systems around the
world have been facing the greatest challenge
of our generation, which will unprecedentedly
affect the quality of life of people of all nations'.

The first diagnosed case of COVID-19 in Sou-
th America was registered in Brazil on February
26, 2020, in the city of S3o Paulo? In Sergipe,
the smallest state in the Brazilian federation, the
first case was diagnosed on March 14, 2020°.

According to the Epidemiological Report pu-
blished on March 31, 2021 (https://todoscontra-

DOI: 10.15343/0104-7809.202246301310

ocorona.net.br/boletim-covid-19-31-03-2021/),
the panorama of the disease in Sergipe had
174,600 cases of the disease and 3,501 subse-
quent deaths.

Studies show that the COVID-19 pandemic,
like other pandemics, disproportionately affected
the most vulnerable population in different parts
of the world, whether due to economic, geogra-
phic, and cultural difficulties in accessing health
services, or even issues related to prejudice*°.

Brazil is a country with high regional inequa-
lities. The 134 municipalities with the lowest Hu-
man Development Indexes (HDI) are located in

0 Mundo da Saide 2022,46:301-310, e11572021

< 2l


https://orcid.org/0000-0001-8642-9868
https://orcid.org/0000-0001-5425-1380
https://orcid.org/0000-0002-4509-0623
https://orcid.org/0000-0001-5244-5843
https://orcid.org/0000-0001-9047-5875
https://orcid.org/0000-0003-0953-9320

302

REVISTA

O MUNDO DA
SAUDE

the North and Northeast regions of the country.
Among the members of the Organization for Eco-
nomic Co-operation and Development (OECD)
is Brazil with the third highest concentration of
income and this depletes material conditions for
the survival of an important part of the popula-
tion, contributing to social vulnerability”.

The economic disparity of the Northeast Re-
gion of Brazil is also characterized by higher
Social Vulnerability Indexes (SVI) and lower Mu-
nicipal Human Development Indexes (MHDI)?.
The state of Sergipe is located in the Northeast
Region and according to Andrade et al.’, in a stu-
dy analyzing the Atlas of Social Vulnerability of
Brazilian Municipalities'®, most municipalities in
the state of Sergipe have high social vulnerability.

Equity in health - as equal access to services
and care for health needs regardless of gender,

METHODS

Study design

race, social, and economic situation of individu-
als or any other factor that can generate exclu-
sion - is one of the pillars of the Brazilian Uni-
fied Health System''. The term iniquity is used
here as the antonym of equity. Inequities can
generate differences between the health indica-
tors of the analyzed populations, to the detri-
ment of the most vulnerable individuals.

This study is part of a series of analyses on
the first year of the COVID-19 pandemic in the
state of Sergipe and aimed to analyze the cor-
relation of the incidence rate and mortality rate
from the disease in its 75 municipalities with in-
dicators of social vulnerability and human deve-
lopment used in the country; as well as the rate
of diagnostic tests performed by RT-PCR (rever-
se transcription polymerase chain reaction) for
COVID-19 detection.

This is an ecological study of the
incidence and mortality rates by CO-
VID-19 accumulated in the period from
March 2020 to March 2021, which oc-
curred in the State of Sergipe, in asso-
ciation with social indicators of human
development and social vulnerability,
considering the municipalities as units
of analysis. These indices were also as-
sociated with the rate of RT-PCR exams
performed by municipalities.

Sergipe is the smallest state in Brazil
in terms of territory (except the Federal
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District) with 21,938,184 km2 (Figure
1); and the 22nd in population size, es-
timated at 2,318,822 people in 2020
(https://cidades.ibge.gov.br/brasil/se/
panorama).
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Techniques and Procedures for Data Pro-
duction

Population data were extracted from the we-
bsite of the Brazilian Institute of Geography and
Statistics (https://cidades.ibge.gov.br/brasil/se/
panorama).

Data on COVID-19 cases and deaths by
each city of Sergipe, by date, considering the
residence of the notified individual, were ex-
tracted from the Epidemiological Bulletins for
Update on COVID-19, made available daily by
the Sergipe State Department of Health. The
consolidated database until March 31, 2021 is
available at https://todoscontraocorona.net.br/
boletim-covid-19-31-03-2021/. Data were tabu-
lated using the Microsoft Excel 2019 program.

The values of the Social Vulnerability Index
(SVI) and Municipal Human Development In-
dex (MHDI) are constructed by the Institute of
Applied Economic Research, calculated from
variables from the last Brazilian Demographic
Census carried out by IBGE in 2010, and made
available on its website. The values of the Social
Vulnerability Index (SVI) were obtained from
http://ivs.ipea.gov.br/index.php/pt/planilha,
while the values of the Municipal Human De-
velopment Index (MHDI) were obtained from
http://www.atlasbrasil.org.br/consulta/planilha.

The Social Vulnerability Index (SVI) is a syn-
thetic index composed of 16 indicators structu-
red in three dimensions: urban infrastructure,
human capital, and income and work. It allows
for a diagnosis of exclusion and social vulnerabi-
lity for Brazilian municipalities. The index varies
between 0 and 1 and the closer to 1, the greater
the social vulnerability of a municipality is'.

Inspired by the Global Human Development
Index (HDI) developed by the United Nations
Development Program (UNDP), the Municipal
Human Development Index (MHDI) adjusts the
dimensions of health, education, and income as
well as the HDI methodology to the Brazilian
context, incorporating indicators that make it

more adequate to the reality of Brazilian muni-
cipalities. The MHDI is an index that varies be-
tween 0 and 1 and the closer to 1, the greater
the human development of a municipality is'2.

RT-PCR is the gold standard method for diag-
nosing COVID-19. This method basically con-
sists of genetically testing the disease-causing
virus using a reverse transcription polymerase
chain reaction (RT-PCR) kit.

The RT-PCR data for SARS-CoV-2 were ex-
tracted from the state bank of the Laboratory
Environment Manager (LEM), considering the
individual's municipality of residence. The LEM
is a computerized system developed for Public
Health Laboratories whose functions include ge-
nerating production reports.

Data on incidence, mortality and rate of RT-
-PCR tests were obtained by dividing the abso-
lute number of cases and deaths by the number
of inhabitants in each municipality. For the three
data analyzed, the rate was calculated for every
1,000 inhabitants.

Data analysis

The study indicators, considering the 75 mu-
nicipalities in the state of Sergipe, were analy-
zed using the BioEstat Software (version 5.3,
Instituto de Desenvolvimento Sustentavel Ma-
mirauda, Belém, Pard, Brazil), obtaining the ma-
ximum and minimum values, average, median,
and standard deviation per indicator.

The Spearman correlation ( p ) was perfor-
med with the BioEstat Software -version 5.3
to test the correlation of the vulnerability and
development indices described - in addition to
the rate of RT-PCR exams performed - with the
incidence and mortality rates by COVID-19 per
municipality of Sergipe. Correlations with statis-
tical significance were considered those with p
< 0.05. As for the classification of the degree of
correlation, a weak correlation was considered
when 0 < p < 0.4; moderate when 0.4 < p<0.7;
and strong when 0.7 < p < 1.0.
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The Spearman correlation coefficient was cho-
sen because it is a non-parametric alternative that
is more suitable for variables that do not have a
two-dimensional normal distribution, with asym-

RESULTS

On March 31, 2021, Brazil had an inciden-
ce of 6.07 cases/100 inhabitants, a mortality
of 0.15 deaths/100 inhabitants, and a case
fatality rate of 2.52% (https://covid.saude.
gov.br/).

In the period from March 14, 2020 to Mar-
ch 31,2021, according to official reports, Ser-
gipe recorded 174,600 cases of COVID-19
and 3,501 deaths as a result of the disease.
Mortality in the state was 0.15 deaths/100
inhabitants and a case fatality rate of 2.0.

Analyzing the incidence of COVID-19 by
municipality of Sergipe in the period, the
average incidence was 50.31 cases per thou-
sand inhabitants, with a median of 46.69 and
a standard deviation of 25.1. The lowest in-
cidence was observed in the municipality of
Itabi, with a population estimated at 4,972
people by the IBGE in 2021 (https://cida-
des.ibge.gov.br/brasil/se/itabi/panorama),
with 12.89 cases per 1000 inhabitants. The
highest incidence was found in Barra dos Co-
queiros (144.75 cases per 1000 inhabitants),
a city located in the metropolitan region of
Aracaju - the state capital - which has an
estimated population of 31,439 inhabitants
(https://cidades.ibge.gov.br/brasil/se/barra-
-dos-coqueiros/panorama).

Mortality ranged from 0.20 deaths to 2.20
deaths per thousand inhabitants among the
75 municipalities in the state, with a median

metric data such as those observed in this study'.

The study was approved by the Research Ethi-
cs Committee of the Federal University of Sergipe
under Opinion No. 4.404.280.

of 1.2 and standard deviation of 0.43. The
city of Itabi, as well as the incidence, had the
lowest mortality per 1000 inhabitants, while
the city of Cedro de S3o Jodo, with an estima-
ted population of 5,929 inhabitants (https://
cidades.ibge.gov.br/brasil/se/cedro-de-sao-
-joao/panorama), had the highest mortality
rate.

Regarding vulnerability and human develop-
ment indicators, Sergipe has an average SVI of
0.439 (0.287 - 0.605) - considered an average
of high social vulnerability 10 - with a median
of 0.44 and standard deviation of 0.06; and an
average MHDI of 0.597 (0.529 - 0.770), which
places the state in the classification of low mu-
nicipal human development, with a median of
0.59 and standard deviation of 0.04.

When analyzing the relationship between
the incidence of COVID-19 and the SVI and
MHDI indicators of the municipalities of Ser-
gipe, a weak negative correlation was found
between the incidence of the disease and the
SVI (p =-0.3468; p = 0.0023) and weak positi-
ve correlation with the MHDI (p =0.3655; p =
0.0012) (Figure 2).

Analyzing the relationship between CO-
VID-19 mortality with the same indicators, a
weak negative correlation was found with SVI
(p=-0.2872; p=0.0124) and a moderate posi-
tive correlation with the MHDI (p = 0.5003; p <
0.0001) (Figure 2).
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Figure 2 - The relationship between COVID-19 incidence and mortality rates and vulnerability and develop-
ment indicators in cities in the state of Sergipe. (A) Correlation between incidence rate and SVI; (B) Correla-
tion between mortality rate and SVI; (C) Correlation between incidence rate and MHDI; and (D) Correlation
between mortality rate and MHDI.

Seeking explanations for this scenario, this
study analyzed and correlated the number of
RT-PCR exams performed by municipality with
the vulnerability and development indices (Figu-
re 3).

Evidence of a relationship was found betwe-
en the number of RT-PCR tests performed and

A)

the vulnerability and development indices of
the municipalities. The municipalities with the
highest index of social vulnerability tested less
(weak negative correlation; p = - 0.2778; p =
0.0158) and those with the highest index of mu-
nicipal human development tested more (weak
positive correlation; p = 0.3104; p = 0.0067).
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Figure 3 - Relationship between the number of RT-PCR tests performed and vulnerability and development
indicators in cities in the state of Sergipe. (A) Correlation between the number of tests per one thousand
inhabitants per municipality and SVI; (B) Correlation between the number of tests per one thousand inhab-

itants per municipality and MHDI.

DISCUSSION

The statistical analysis of the association be-
tween the social vulnerability and human deve-
lopment indices and the incidence and morta-
lity rates by COVID-19 in the state of Sergipe
showed that, in the first year of the pandemic,
the least vulnerable municipalities and with
greater human development had more cases
and more deaths from the disease.

National and international studies have de-
monstrated the influence of social inequality on
the numbers of COVID-19 cases and deaths,
causing greater morbidity and mortality in the
most vulnerable populations®'>=7. Our analysis
found an inverse relationship, while demons-
trating that municipalities with greater social
vulnerability and less human development per-
formed fewer diagnostic tests for COVID-19.

Bambra et al.® published an essay to dispel
the myth that the COVID-19 pandemic affects

everyone equally, citing evidence from studies
and official reports in the United States, Spain,
and the United Kingdom'-2°, They reinforce
that social issues such as socioeconomic ine-
qualities, inequalities in access to health ser-
vices, and structural racism are related to the
severity of diseases and risk of mortality.

The great social inequality in Brazil, ampli-
fied by the pandemic, causes millions of Brazi-
lians to live in unsanitary conditions, clustered
in the worst housing conditions, without basic
sanitation, fighting for their livelihood, someti-
mes crowding into inefficient public transport,
unable to follow basic protection guidelines
with social distancing and proper hand hygie-
ne'. The lack of a coordinated, effective, and
equitable response by the Brazilian govern-
ment?! likely contributed to the inequity.

Although Brazil has a public, free and uni-
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versal health system; with a lot of experience
in the management of epidemics and with a
National Immunization Program recognized
for its efficiency, the deep political and eco-
nomic crisis experienced by the country in re-
cent years and the approval of constitutional
amendment 95, which established a cap on
government spending in some sectors, inclu-
ding health, weakened the system. There was
a shortage of tests at first and there is still a
structural dependence on the import of diag-
nostic components??.

The negative correlation, even if weak, of
the SVI with the incidence and mortality by
COVID-19 and the weak positive correlation
of the MHDI with the incidence and a mode-
rate correlation with the mortality observed in
Sergipe generate hypotheses about the spread
of the disease in the Brazilian territory.

In the state of Ceard, a positive correlation
was found between the incidence rate of CO-
VID-19 and the MHDI?*. As in Sergipe, the
first case in the state was reported in a nei-
ghborhood with lower vulnerability and higher
MHDI in the state capital, in people who had
returned from a trip abroad.

Analyzing the spread pattern of the dise-
ase, Castro et al.?’ showed that, despite the
varied pattern between the states, the highest
percentage of cases and deaths in the capi-
tals of Brazilian states - which have less social
vulnerability and greater human development
- persisted until the 20 (May 10 to 16, 2020)
and 22 (May 24 to 30, 2020) epidemiological
weeks.

Municipalities with less vulnerability and
greater development tend to have a higher
proportion of elderly people, due to longer life
expectancy. Admittedly, advanced age is a risk
factor for severity or death from COVID-19242>,

With greater or lesser rigor, states and mu-

nicipalities have been adopting social distan-
cing measures. However, this process was
hampered by the lack of national coordination
and the pressure for commercial and econo-
mic activities to continue to take place, to the
detriment of the ongoing pandemic?®; espe-
cially in places with the highest MHDI.

The World Health Organization (WHO) has
recommended countries to expand their tes-
ting programs as a strategy to face the pande-
mic. Countries with different levels of develo-
pment have been successful with this strategy,
such as Vietnam, Rwanda, South Korea, and
Thailand*2.

Our study also showed inequality in the
performance of exams, where municipalities
with greater human development and less
social vulnerability performed more tests for
diagnoses, which can directly affect incidence
rates: the greater the access to services and
diagnostic tests, the more cases of the disease
reported. It should be noted that mortality is
less susceptible to this bias?’.

This study has limitations inherent to the
use of secondary data, subject to inaccuracies,
especially in the records of the beginning of
the pandemic, due to the lack of definitions of
flows and protocols. The SVI and MHDI data
were constructed based on the 2010 census -
due to the Brazilian government not carrying
out the 2020 census until May 2022 - not con-
sidering the socioeconomic changes of the
period. Furthermore, the inherent limitations
of ecological studies make them vulnerable to
aggregation bias or ecological fallacy?®.

Despite these limitations, the results made
it possible to characterize the correlation of
human development and vulnerability indica-
tors with the rates of diagnostic tests, inciden-
ce and mortality by COVID-19, contributing to
the scenario analysis.
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CONCLUSION

Municipalities with greater human develo-
pment and greater social vulnerability gene-
rally have a higher percentage of elderly peo-
ple - who are more susceptible to the severity
of illness and death from COVID-19 -; greater
access to the health system for assistance and
diagnosis; and they suffered more pressure
to keep their economic and commercial ac-
tivities active, in a period when social distan-
cing was the indicated measure to prevent the
spread of the disease.

This scenario, associated with the begin-
ning of the spread of the COVID-19 pandemic
in state capitals - cities with better indicators
of social vulnerability and human develo-
pment - helps us to understand the positive
correlation of the MHDI and the negative cor-
relation of the SVI found in our study.

COVID-19 has a broad clinical spectrum,
probably with many asymptomatic cases and
others with mild symptoms. Difficulty in ac-
cessing health services for assistance or diag-

CRediT author statement

nostic tests has likely impacts on incidence ra-
tes, which are lower in mortality rates. When
verifying the correlation between the rate of
performance of RT-PCR and SVI and MHDI,
we observed that the most vulnerable and le-
ast developed cities tested less, which impairs
a clear diagnosis of the scenario’s reality and
compromises the planning and implementa-
tion of collective health measures.

New studies will be needed to analyze
elements that may influence the scenario, in-
cluding addressing inequality within the muni-
cipality's territory, which has neighborhoods
and sectors with discrepancies between indi-
cators of social vulnerability.

The study carried out points to the need
to overcome inequities as a way of facing the
COVID-19 pandemic, ensuring the popula-
tion's access to care and diagnosis, regardless
of socioeconomic conditions or place of resi-
dence, as a principle of the Brazilian Unified
Health System.
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