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Spatial analysis and epidemiological profile of deaths
by covid-19 in the paraiba valley

Analise espacial e perfil epidemioldgico de ocorréncias de 6bitos por covid-19 no vale do paraiba
Analisis espacial y perfil epidemiolégico de muertes por covid-19 en el valle del paraiba

RESUMO

Objetivo: Analisar e descrever o perfil epidemiologico e a tendéncia da distribuicao espacial de ocorréncia de 6bitos por COVID-19, nos primeiros 18
meses de pandemia na regido do Vale do Paraiba — Sao Paulo/ Brasil. Método: Trata-se de um estudo epidemioldgico, descritivo do tipo ecologico e
de base populacional, cujo grupo de variaveis elencadas incluem dados secundarios sobre a ocorréncia de 6bitos por COVID-19. Os dados sao pro-
venientes da plataforma Fundagao Sistema Estadual de Analise dos Dados, que alimenta as fichas de notificacao de Sindrome Respiratéria Aguda
Grave, cujos casos evoluiram para obito. Resultado: A taxa de 6bitos por populagao nos mostrou aproximadamente o percentual da populacao que
faleceu por COVID-19 nos ltimos 3 semestres. Conclusao: De forma similar ao cenario mundial, a infecgao por COVID-19 configura-se como um
problema de sadde piblica, sendo necessaria atencao a circulacao do virus no interior paulista, alerta aos grupos de risco e intervencgoes sanitarias
efetivas.

DESCRITORES: Distribuicio Espacial; Obitos; Infeccdes por Coronavirus; Estudos Ecolégicos; Epidemiologia descritiva.

ABSTRACT

Objective: To analyze and describe the epidemiological profile and trend of the spatial distribution of deaths from COVID-19 in the first 18 months of
the pandemic in the region of Vale do Paraiba — Sao Paulo/Brazil. Method: This is an epidemiological, descriptive, population-based, ecological stu-
dy, whose group of variables listed include secondary data on the occurrence of deaths from COVID-19. The data come from the Foundation State
System for Data Analysis platform, which feeds the notification forms for Severe Acute Respiratory Syndrome, whose cases progressed to death.
Result: The death rate per population showed us approximately the percentage of the population that died from COVID-19 in the last 3 semesters.
Conclusion: Similar to the world scenario, infection by COVID-19 is a public health problem, requiring attention to the circulation of the virus in the
interior of Sao Paulo, alerting risk groups and effective health interventions.

DESCRIPTORS: Spatial Distribution; Deaths; Coronavirus Infections; Ecological Studies; Descriptive epidemiology

RESUMEN

Objetivo: Analizar y describir el perfil epidemiolégico v la tendencia de la distribucion espacial de las muertes por COVID-19 en los primeros 18
meses de la pandemia en la region de Vale do Paraiba - Sao Paulo / Brasil. Método: Se trata de un estudio epidemioldgico, descriptivo, poblacio-
nal, ecolégico, cuyo grupo de variables enumeradas incluye datos secundarios sobre la ocurrencia de muertes por COVID-19. Los datos provie-
nen de la plataforma Foundation State System for Data Analysis, que alimenta los formularios de notificacion del Sindrome Respiratorio Agudo
Severo, cuyos casos progresaron hasta la muerte. Resultado: La tasa de mortalidad por poblacion nos mostré aproximadamente el porcentaje
de la poblacién que muri6 por COVID-19 en los Gltimos 3 semestres. Conclusion: Similar al escenario mundial, la infeccién por COVID-19 es un
problema de salud publica, que requiere atencion a la circulacion del virus en el interior de Sao Paulo, alertando a los grupos de riesgo e interven-
ciones de salud efectivas.

DESCRIPTORES: Distribucion espacial; Fallecidos; Infecciones por coronavirus; Estudios ecolégicos; Epidemiologia descriptiva.
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INTRODUCTION

urrently, we are experiencing a situa-
Ction of health complexity, caused by

the emergence of a variable deter-
mined by the SARS-CoV-2 coronavirus,
in the same subgenus as the Severe Acute
Respiratory Syndrome (SARS) virus. The
SARS-Cov-2 variable was identified on De-
cember 1, 2019, through bronchial lavage
samples performed in patients with pneu-
monia of unknown origin, in Wuhan, Hu-
bei Province, People's Republic of China.
From there, the disease spread worldwide,
and on March 11, 2020, the World Health
Organization (WHO) declared the outbre-
ak a pandemic.

As of February 2,2021, according to the
World Health Organization, there were
102.1 million reported cases of the new co-
ronavirus and more than 2.2 million deaths
since the beginning of the pandemic. ¥

The International Committee on Taxo-
nomy of Viruses (ICTV) designated this
virus as SARS-CoV-2 and the disease as
COVID-19.®

We know that the period in which the
individual with COVID-19 can transmit
the disease is still unclear. “ However, it has
already been observed that the highest vi-
ral loads were presented in the first days of
infection. In addition, they were also iden-
tified in greater numbers in the nasal cavity
than in the oral cavity. The viral potential
in asymptomatic patients was also found
to be very similar to symptomatic patients,
indicating that potential transmission may

occur from both asymptomatic and mini-
mally symptomatic patients. *¢

It was also noted that the vast majority
of patients present symptoms of a mild flu-
-like syndrome, such as sudden-onset fever,
even if referred, accompanied by cough or
sore throat or respiratory difficulty, in addi-
tion to at least one of the following factors:
headache , myalgia or arthralgia. ”

In this sense, we understand that the
incidence of this virus revealed the com-
plexity of the epidemiological picture of
the health of the Brazilian population and
brought together problems of great diver-
sity at the level of determinants and at the
level of intervention, imposing enormous
challenges for the health system. @

Furthermore, in Brazil, the planning
of health actions is often not based on the
health-discase profile of the population,
which opens space for the action of Epide-
miology.

As for the space chosen for data analysis,
itis worth noting that, according to history,
the lands of Vale do Paraiba were cleared at
the time of discovery, encouraged by the
gold route, the creation of sugar cane mills
and the introduction of coffee culture,
passing to the predominance of extensive
pastures and culminating in the current sce-
nario of forest expansion (eucalyptus) and
urban-industrial consolidation. “”

In this context, it is justified to carry out
the research presented here, whose focus is
on spatial analysis to identify the epidemio-
logical profile of occurrences of deaths by
COVID-19, in Vale do Paraiba - SP. This

study seeks to understand comorbidities,
gender, age group and number of deaths, in
order to guide the population and frontline
health professionals in the fight against the
disease.

In this perspective, with the present
study, the objective was to analyze and des-
cribe the epidemiological profile and the
trend of the spatial distribution of deaths
by COVID-19, in the first 18 months of
the pandemic, in the region of Vale do Pa-
raiba - SP/Brazil. In addition to identifying
the areas with the highest frequency of no-
tification of deaths by municipality.

METHOD

This is an epidemiological, descriptive,
ecological and population-based study ",
whose groups of variables listed include the
occurrence of reported deaths from coro-
navirus.

Due to this historical context, it is un-
derstood that spatial analysis is considered
a methodology used in the field of public
health, especially to assist in monitoring
the environment and in strategies for he-
alth services. Recently, with the pandemic
situation, the spatial analysis tool allows
identifying areas of greater spread of the di-
sease, to adapt public health policies to be
adopted. "V

The data collected and the sample were
obtained from the cases of deaths confir-
med by coronavirus, notified and released
on the Fundagio Sistema Estadual de Ana-
lise dos Dados — SEADE platform, which
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has as its power source the Severe Acute
Respiratory Syndrome notification forms,
which evolved to death, as well as the no-
tifications of Influenza Syndrome positive
for COVID-19, being, the unit of analysis,
the region of Vale do Paraiba, in the inte-
rior of the state of Sao Paulo/ Brazil. *?

The population object of the study con-
sisted of individuals residing in that region,
considering its distribution among the 36
municipalities in the Vale do Paraiba that
had positive diagnoses of COVID-19 and
died. The cases reported in the period from
January 2020 to June 2021 were primarily
observed, for a total of 18 months.

As for the number of inhabitants per
municipality, the website of the Brazi-
lian Institute of Geography and Statistics
(IBGE) was consulted to obtain the epide-
miological profile of the cases of reported
deaths. ¥

'The variables from the notification/con-
clusion sheet (age, sex, race/color, city of
residence, final classification (confirmed)
and comorbidities) and pre-existing dise-
ases were also added and included. Notifi-
cations with incomplete data, not finalized
and with duplicate data in more than one
municipality were excluded from the study.

Data were summarized in electronic
spreadsheets, analyzed and later arranged
in tables, according to descriptive statistical
analysis with the aid of Microsoft Office
Excel 2016 software. Then, the georeferen-
cing technique of specific cases by reference
municipality was applied.

This study was approved by the Research
Ethics Committee (CEP) of Centro Uni-
versitdrio Teresa D’Avila — UNIFATEA
— through Plataforma Brasil. It obtained
opinion number 4,752,457 and the Certi-
ficate of Presentation of Ethical Assessment
(CAAE) 45546221.6.0000.5431, respec-
ting the principles of resolution 510/2016
of the National Commission on Ethics and
Research involving human beings. It is wor-
th mentioning that the Free and Informed
Consent Term (ICF) was waived, as it is a
research with secondary sources.

RESULTS
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In order to elucidate the results of our
study, it is worth pointing out the mu-
nicipalities that make up part of the first
sub-region: Sao Jos¢ dos Campos, Caca-
pava, Igaratd, Jacarei, Jambeiro, Monteiro
Lobato, Paraibuna and Santa Branca; the
municipalities that are part of the second
sub-region are: Campos do Jordio, Lagoi-
nha, Natividade da Serra, Pindamonhanga-
ba, Santo Anténio do Pinhal, Sio Bento do
Sapucai, Sao Luiz do Paraitinga, Taubaté,
Tremembé and Redengio da Serra. As for
the third sub-region, there are the munici-
palities of Aparecida, Cachocira Paulista,
Canas, Cunha, Guaratinguetd, Lorena,
Piquete, Potim and Roscira. To the four-
th sub-region belong the cities of Arapei,
Areias, Bananal, Cruzeiro, Lavrinhas, Sio
José do Barreiro and Silveiras. The fifth re-
gion, which was not included in this study,
is composed of the municipalities on the
North Coast: Caraguatatuba, Ilhabela, Sao
Sebastiio and Ubatuba.

The epidemiological surveillance group

(ESG) of Sao José dos Campos is respon-
sible for the municipalities of sub-region 1,
while the ESG of Taubaté is responsible for
the municipalities of sub-regions 2, 3 and
4. 'There is also a subgroup (ESSG) in Gua-
ratinguetd in charge of coordinating the
Epidemiological Surveillance of the muni-
cipalities of the Historic Valley, as shown in
Figure 1 below:

In the Vale do Paraiba region, the regio-
nal headquarters affected in greater pro-
portion with cases of COVID-19 were one
and four, represented by the Sao Jos¢ dos
Campos and Taubaté Region, a sub-region
of the Historic Valley. The most affected
city in the region was the municipality of
Igaratd, a small town with a population of
9,583 inhabitants. It is a tourist city rich in
resorts that receives tourists throughout the
year.

In order to calculate the standard devia-
tion of the death rate per case, the value of
the municipality of Sio Luis do Paraitinga
was excluded, since it is estimated that this

Figure 1: Geographical and spatial distribution of the Epidemiological

Surveillance Groups in the Vale do Paraiba region — Sao Paulo - Brazil. 2021.

ao Bento,

Metropolitan Region of Vale do Paraiba

I sub-Region1

Sub-Region 2

Sub-Region 3
- Sub-Region 4
- Sub-Region 5

Source: EMPLASA, 2018. Elaboragdo: Geo Brasilis, 2018.



value was three times above the calculated
standard deviation, when it was included in
the analysis.

The overall mean of cases per population
of the municipalities was 5.09% (8.13%
~2.05%). The municipalities with the hi-
ghest rate of cases per population were:
Igaratd with 18%, Roseira with 10.8%, Sio
José dos Campos with 9.3% and Bananal
with 8.2%. The cities with the lowest num-
ber of cases per population were the mu-
nicipalities of Sao Luiz do Paraitinga with
0.4% and, at the lower limit, Natividade da
Serra with 0.2%.

Regarding the percentages of deaths
per case, the general average obtained was
2.48% (1.53%~3.40%). The municipalities
that had the highest rate of deaths from
causes were: S3o Luiz do Paraitinga with
26.53%, Igaratd with 14.05%, Piquete with
3.74%, Paraibuna with 3.46% and Apare-
cida with 3.44%. On the other hand, the
municipalities that had the lowest rate of
deaths per case were: Bananal with 0.22%,
Areias with 0.42%, Tremembé with 0.59%,
Cunha with 1.04%, Roseira with 0.85% ,
Redengio da Serra with 1.13%, Lagoinha
with 1.18%, Cruzeiro with 1.5%, Cachoei-
ra Paulista with 1.53% and, at the limit of
our standard deviation, the municipality of
Sio José do Barreiro with 1.57%.

Evaluating the death rate per popula-
tion, in which the general average obtained
was 0.09% (0.03%~0.15%), we observed
that the municipalities that presented the
highest rates were: Guaratinguetd with
0.15%, Santa Branca and Campos do Jor-
dao with 0.16%, Sao Jos¢ dos Campos and
Roseira with 0.18%, Cagapava with 0.19%,
Paraibuna and Aparecida with 0.20%, Ja-
caref with 0.21% and Igaratd with 0 .27%.
Conversely, the municipalities that had the
lowest death rate per population were the
municipalities of: Tremembé, Areias and
Bananal with 0.02% and Redencio da Ser-
ra and Cunha with 0.03%. What appears
to be common among these municipalities
is that, in all cases, the prevalence of deaths
was among male individuals.

In the criterion of deaths per 100,000
inhabitants, our average was 110.36 dea-
ths/100,000 inhabitants (46.59~174.14).
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The municipalities that had the highest
rate of deaths per 100,000 inhabitants
were: Aparecida with 201.74 and Roseira
with 185.17 deaths/100,000 inhabitants.

It is worth emphasizing
the importance of
endorsing non-
pharmacological
measures, in order to
reduce the number

of people with the
disease. It is important
to emphasize that

a good part of the
infected population
was in the economically
active range, “"which
reinforces the adoption
of socioeconomic
measures against the
new coronavirus (SARS-

CoV-2).

Obtaining the lowest rates were the muni-
cipalities of: Tremembé with 25.15, Areias
with 25.67, Bananal with 18.4, Redencio
da Serra with 26.05, Cunha with 32.00, La-

goinha with 40.91 and Natividade da Serra
with 45.17 deaths/100,000 inhabitants.

The municipalities of Cunha, Arcias,

Tremembé, Reden¢io da Serra and Bana-
nal drew attention for being outside our
standard deviation in three criteria: deaths
per case, deaths/population and deaths per
100,000 inhabitants. These values below
the average showed the low rate of notifica-
tion in these municipalities.

The municipality of Igaratd is above the

rates in all criteria, with a rate of 18% ca-
ses/population, as it presented: 18971.09
cases/100,000 h, 14.05% deaths/cases,
0.27% deaths/population and 271.31 dea-
ths/100,000 h. These high values showed
us that the public health measures adopted
in the municipality have not yet reflected in
the number of cases and deaths. A similar
situation occurred in the municipalities of
Sao José dos Campos and Roseira, where
only the percentage of deaths per case is not
above average.

In the municipality of Sio Luiz do Pa-

raitinga, the death rate per case is 26.5%,
the highest until May 2021, which led us to
think about the possibility that the rate is
high due to underreporting of cases of flu
syndrome . In that municipality, the num-
ber of cases in the second quarter of 2021
was equivalent to the number of cases in all
pandemic quarters.

In the municipality of Trememb¢, the

death rate per case is 0.59%, which is far
below the general average. This allowed us
to think about the underreporting of dea-
ths and the failure to close the notification
of severe acute respiratory syndrome in the
system. This failure can be circumvented
through adequate training of the employe-
es who supply the system. The same occur-
red in the municipality of Cunha.

In the municipality of Arapei, there

were two notifications in the age group
from 70 to 79 years, however, there was no
information about the comorbidities, whi-
ch leads us to think that perhaps they were
not filled in correctly. This intercurrence
showed us once again the need to reinforce
training in filling out the forms in hospital
care and in feeding the system.

Regarding the second wave of the virus,
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the increase in case notifications in the first
quarter of 2021 was evident. This increase
was not seen in the municipalities of Sao
Bento do Sapucai, Sio Luiz do Paraitinga
and Redengio da Serra, as shown below.

Analyzing the graph above, we can see
the curve of the increase in cases over the
third quarter of 2020. This curve shows the
first wave of cases, followed by a decrease, in
the fourth half of the same year, and a new
rise in the first quarter of 2021, characte-
rizing the second wave of COVID-19 in
Vale do Paraiba — Sio Paulo/Brazil.

DISCUSSION

With regard to the high incidence of
cases in the Vale Histdrico sub-region, such
facts may be related to the case of transmis-
sibility of the disease in the regional head-
quarters due to the large flow of individu-
als in places of agglomeration, such as bus
terminals, which offer mobility to nearby
regions, such as surrounding cities, and also
connection with other states.

This region is known as Fundo do Vale
and is responsible for converging three lar-
ge states of the Southeast region: Sio Pau-
lo, Minas Gerais and Rio de Janeiro. Due
to this strategic location, transfers in near-
by cities are very large, which means that
contact between potentially contaminated
individuals can occur indiscriminately.

Considering the outcomes of CO-
VID-19 cases and the increasing number
of cases of the disease, which causes greater
demand for health services in all regions,
it is clear that there was an increase in the
number of beds. In particular, the number
of beds for intensive care exclusively for the
treatment of COVID-19 was significant,
according to Ordinance No. 568 of the
Ministry of Health, of March 26, 2020,
(14) through which vacancies for hospita-
lizations have already been made available
throughout the Vale do Paraiba region. At
times when the bed occupancy rate was clo-
se to 100%, the municipality of Cruzeiro,
for example, expanded its number of beds
from 10 to 16 and then to 28 beds. In ad-
dition, field hospitals were opened across
the country, including the Vale do Paraiba
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Figure 2: Spatial Distribution of New COVID-19 Cases for every 100,000,000

Inhabitants. VVale do Paraiba — Sao Paulo — Brazil, from January 2020 to June 2021.
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Figure 3: Distribution of the number of confirmed cases of COVID-19 deaths in

the Vale do Paraiba region- Sao Paulo- Brazil, 2020/2021.
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region.

Regarding the analysis of the sex of indi-
viduals diagnosed with the disease, there is
a predominance of male cases. This finding
was also observed in a study carried out in
the state of Mato Grosso, ¥ in which 56%
of the cases were male.

In this scenario, it is assumed that wo-
men seck health services more frequently
than men. Possibly, due to this, there may
be underreporting of cases in the male
population, since, historically, men seck
health services less, which can lead to ag-
gravation of the disease, late treatment and
evolution to death.

Regarding the age group, there was a
predominance of cases of patients between
70 and 79 years of age. These findings are
similar to those found in a study “? carried
out in Wenzhou, China, which presented
58.9% of confirmed cases in individuals in
this age group. With regard to deaths, the
predominant age group of patients was 60
years or older.

Historically, data on general mortality
in the Vale do Paraiba region show a pre-
dominance of cases of patients in the age
group from 9 to 19 years of age and of dea-
ths related to diseases of the circulatory sys-

17 These diseases can entail morbidity

tem.
of vital/target organs such as kidneys, lungs
and immune system. In the recent scenario
of a pandemic, among these diseases, many
affect people who die due to their associa-
tion with the infection caused by the new
coronavirus (SARS-CoV-2).

In view of this, one can infer the impor-
tance of care aimed at the elderly popula-

tion. This care must occur through the

application of protective public measures

1.Peeri NC, Shrestha N, Rahman S, Zaki R, Tan Z, Bibi S, et. Al. A
SARS, MERS e a nova epidemia de coronavirus (COVID-19), as
novas e maiores ameacas globais: quais licdes aprendemos? Int
Epidemiol [Internet]. 2020 Feb [cited 2020 Nov 3].49(3):717-26.
Available from: https:/doi.org/10.1093/ije/dyaa033

2.Atualizacdo Epidemiolégica Semanal da OMS — 2 fevereiro
de 2021. Available from: https:/www.who.int/publications/m/
item/weekly-epidemiological-update---2-february-2021
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that reinforce the need for social and heal-
th assistance.

This fact raises concerns about the heal-
th care available, since early diagnosis is an
important mechanism for detecting new
cases. This diagnosis strengthens health
surveillance for decision-making in the in-
vestigation, confirmation and disposal of
cases.™?

It is worth emphasizing the importan-
ce of endorsing non-pharmacological me-
asures, in order to reduce the number of
people with the disease. It is important to
emphasize that a good part of the infected
population was in the economically active
range, "” which reinforces the adoption of
socioeconomic measures against the new
coronavirus (SARS-CoV-2).

Among the comorbidities related to
deaths recorded by COVID-19, there was
a higher occurrence of chronic diseases of
the cardiovascular and immune system.
Chronic non-communicable diseases, such
as diabetes, cardiovascular diseases and
others, maximize the risks related to clini-
cal complications, which makes affected
patients more vulnerable. ®**"

The limitations of the study are related
to the constant updating of the data being
processed, which shows that the transmis-
sion dynamics occurs in a mutable way.

In this sense, it is necessary to continue
the epidemiological studies to assess the
longitudinal age of the pandemic, as well
as the constant changes in the epidemio-
logical and social scenarios in the Vale do
Paraiba region.

CONCLUSION

In a similar way to the world scenario,
the infection by COVID-19, in the state of
Sao Paulo, is configured as a public health
problem, requiring attention to the circula-
tion of the virus in the interior of Sio Paulo,
alert to risk groups and effective health in-
terventions. As for the reported cases, the
information evaluated was consistent with
the expected profile and showed the simila-
rity of other regions of Brazil.

Regarding underreporting, it was found
that it occurs in most municipalities throu-
gh the analysis of the number of inhabi-
tants and the number of notifications. The-
se underreporting prevent a real dimension
of the number of cases in the Valley, in ad-
dition to interfering in the study of the co-
morbidities that most lead to death in the
population of the Vale do Paraiba region.

It is also concluded that the epidemio-
logical profile of COVID-19 in Vale do
Paraiba is constituted by the elderly aged
between 70 and 79 years, male, carrier of
circulatory system comorbidity and re-
sident of the Vale do Paraiba sub-region,
with emphasis on the higher frequency of
notification of deaths by COVID-19 for
the municipalities of Sio Jos¢ dos Campos
and Guaratinguetd that are part of the sub-
-region 1 and 4. Recognizing this profile
allows us, as health agents, to take more ef-
fective measures in the care of patients with
these characteristics.

In view of this, we understand that pu-
blic health measures are aimed at the pre-
vention, monitoring and control of cases,
which gives rise to the need for investments
in new health technologies and innovation
to respond to contemporary needs.

3.Pald IA. A VIROLOGIA DO SARS-COV-2: Entendendo a im-
portancia da estrutura do virus causador da nova doenga por
coronavirus (COVID-19). Connectionline n.25 — 2021.

4\Wu'Y, Chen C, Chan Y. O surto de COVID-19: uma visao geral. |
Chinese Med Assoc. 2020 Nov. 3. 217-20. [Internet]. Available
from: https:/doi.org/10.1097/JCMA.0000000000000270

5.McIntosh K, Hirsch M, Bloom A. Doenca de coronavirus
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