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Abstract

Sepsis can be understood as a set of infections throughout the body. Worldwide, its incidence is estimated at around
15 to 19 million cases annually. Recently, deaths have decreased, reaching an estimated value of 20 to 40% of
reported cases. However, in Brazil, according to data from the Instituto Latino Americano de Sepsis (llas), death from
sepsis corresponds to 65% of all deaths, which is much higher than the world estimate. Thus, in this paper, we will
evaluate mortality from sepsis in the State of Pard from 2015 to 2019. An ecological observational study was carried
out using the data collected in the Mortality Information System and the Hospital Information System, made available
by the Department of Informatics of the Unified Health System in Brazil. During the period investigated, a total of
2,547 deaths from sepsis were recorded. The epidemiological profile of mortality from sepsis presented individuals
with the following characteristics: male, mixed race, 1 to 3 years of schooling, marital status: a married, place of
occurrence: hospital, and age group from 60 to 79 years. It is of fundamental importance to develop more targeted
prevention policies, prioritize educational and population awareness measures, and the continuous improvement of
health teams regarding the knowledge of sepsis about early identification and more effective care to reduce mortality
from sepsis in the state of Para, Brazil.

Keywords: Sepsis; Para; Epidemiology; Mortality.

Resumo

A sepse pode ser compreendida como um conjunto de infeccBes em todo o organismo. No mundo, sua incidencia é
estimada em torno de 15 a 19 milhdes de casos por ano. Recetemente o nimero de mortes diminui, alcangando uma
valor estimado de 20 a 40% dos casos relatados. Contudo, no Brasil, de acordo com os dados do Instituto Latino
Americano de Sepse (llas), a morte por sepse corresponde a 65% dos casos de morte, valor este muito superior a
estimativa mundial. Dessa forma, neste paper iremos avaliar a mortalidade por sepse no Estado do Para durante o
periodo de 2015 a 2019. Para isso, foi realizado um estudo observacional ecologico utilizando como informacdes 0s
dados coletados no Sistema de InformagGes sobre Mortalidade e do Sistema de Informacbes Hospitalares,
disponibilizados pelo Departamento de Informatica do Sistema Unico de Saude do Brasil. Durante o periodo
investigado, foram registrados um total de 2.547 6bitos por sepse. O perfil epidemiolégico da mortalidade por sepse
apresentou individuos com as seguintes caracteristicas: sexo masculino, cor/raca parda, escolaridade de 1 a 3 anos,
estado civil: casado, local de ocorréncia: hospital e faixa etaria de 60 a 79 anos. E de fundamental importancia a
elaboracdo de politicas de prevencdo mais direcionadas, priorizando-se as medidas educativas e de sensibiliza¢do
populacional, além de aperfeigoamento continuo das equipes de salde quanto ao conhecimento da sepse em relacdo a
identificacdo precoce e atendimento mais efetivo, a fim de reduzir a mortalidade por sepse no estado do Para, Brasil.
Palavras-chave: Sepsis; Para; Epidemiology; Mortality.

Resumen

La sepsis puede entenderse como un conjunto de infecciones en todo el organismo. A nivel mundial, su incidencia se
estima en alrededor de 15 a 19 millones de casos por afio. Recientemente, el nimero de muertes ha disminuido,
alcanzando un valor estimado de 20 a 40% de los casos notificados. Sin embargo, en Brasil, segin datos del Instituto
Latino Americano de Sepsis (llas), la muerte por sepsis corresponde al 65% de todas las muertes, muy por encima de
la estimacién mundial. Asi, en este articulo evaluaremos la mortalidad por sepsis en el Estado de Para durante el
periodo de 2015 a 2019. Para ello, se realizd un estudio observacional ecolégico utilizando como informacion los
datos recopilados en el Sistema de Informacion de Mortalidad y el Sistema de Informacion Hospitalaria. , puesto a
disposicion por el Departamento de Informética del Sistema Unico de Salud de Brasil. Durante el periodo investigado
se registraron un total de 2.547 muertes por sepsis. El perfil epidemiolégico de mortalidad por sepsis presento
individuos con las siguientes caracteristicas: masculino, mestizo, 1 a 3 afios de escolaridad, estado civil: casado, lugar
de ocurrencia: hospital y grupo etario de 60 a 79 afios. Es de fundamental importancia desarrollar politicas de
prevencion mas focalizadas, priorizando medidas educativas y de concientizacion de la poblacion, ademas de la
mejora continua de los equipos de salud en cuanto al conocimiento de la sepsis en relacién a la identificacion
temprana y una atencién mas efectiva, con el fin de reducir la mortalidad por sepsis. en el estado de Parg, Brasil.
Palabras clave: Septicemia; Para; Epidemiologia; Mortalidad.

1. Introduction

Sepsis, formerly known as septicemia, is a set of severe manifestations throughout the body of a systemic
inflammatory response with organ dysfunction due to an inadequate reaction to an infection (Santos et al., 2019). Thus, with
the impairment of the function of several organs, the patient may not support it and, consequently, die, characterizing sepsis as
one of the leading causes of late hospital mortality (ILA, 2019).

Sepsis has an estimated 15 to 19 million cases per year worldwide, thus characterizing a severe public health problem.

Even though mortality has reduced in recent decades, the percentage value remains high, from 20% to 30%, depending on the
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diagnosis speed and the treatment quality (Schuetz et al., 2019). However, public awareness related to sepsis is still
insufficient.

Therefore, the early diagnosis of sepsis and the identification of the infectious origin leads to immediate and more
appropriate treatment, considerably reducing mortality (Jorge et al., 2002).

In Brazil, sepsis corresponds to about 13% of all hospitalizations in Intensive Care Units (ICU), generating high costs
in public and private sectors due to the need to use sophisticated equipment and highly high-cost drugs, in addition to requiring
a lot of caution from the health team (Morello et al., 2018).

In addition, the number of deaths from sepsis in Brazil increased by around 6% from 2000 to 2010. Data made
available by the Instituto Latino Americano de Sepsis (ILAS) show that the mortality rate in Brazil's private and public health
facilities varies from 30% to 70%, respectively (Satriano, 2017).

Mortality statistics represent a relevant subsidy for most health indicators, even in so-called developed countries.
However, in these countries, it is easier to obtain data on morbidity. Still, the data on mortality is characterized as one of the
most important components of these analyses (Jorge et al., 2008).

Thus, epidemiological data on mortality from sepsis in different scenarios point to differences considered necessary
between developed countries and countries with limited resources, thus facilitating the understanding of this scenario (ILAS,
2015). Therefore, the investigation and explanation of epidemiological data related to sepsis are of fundamental importance
(Pires et al., 2020; Ranzato Filardi et al., 2018).

In this context, the work is justified by the presence of relevant data that characterize mortality from sepsis in the state
of Parj, the northern region of Brazil, in a predetermined period (2016 to 2019), in addition, we also have as objectives (i) To
characterize the epidemiological profile of morbidity and mortality from sepsis in the state of Para, Brazil, during the study
period; (ii) Present the temporal distribution of the mortality rate from sepsis over the years in the state of Para and (iii)
Understand the spatial distribution of the mortality rate from sepsis in the microregions of the state of Para. Thus, this study
can guide the understanding of mortality trends and indicators and, consequently, the planning and elaboration of public

policies.

2. Methodology
2.1 Types of Studies

This is an ecological observational study on mortality caused by sepsis in the state of Para, northern region of Brazil,
during the period from 2015 to 2019 (Alves et al., 1999; Lima-Costa & Barreto, 2003).

Data on death cases were collected at the Mortality Information System (SIM) and Hospital Information System of the
Unified Health System (SIH/SUS), Department of Informatics of the Unified Health System (DATASUS).

Data were collected through virtual access to SIM and SIH/SUS, made available by DATASUS, through Tablet, with
the theme Sepsis/Septicemia, coded by the International Classification of Diseases (CID 10) in CID 10 — A40 and A41 in May
and June 2021 (DATASUS - Ministério da Salde, 2021).

2.2 Inclusion and Exclusion Factors
2.2.1 Inclusion Criteria

- Male and female subjects were included in our study; including variables cataloged only as follows: individuals of
both sexes (male and female), color/race (white, black, yellow, brown, indigenous, and unknown), education (illiterate, 1 to 3
years, 4 to 7 years, 8 to 11 years, 12 years and over, and unknown), marital status (single, married, widowed, legally separated
and other), place of occurrence (hospital, other health establishments, domicile, public road, others) and age group in age group

(less than 1 year, 1 to 9 years, 10 to 14 years, 15 to 19);
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- All cases of death that occurred during the period from 2015 to 2019;
- Only cases obtained in the microregions of the state of Para were considered;
- All male and female subjects were included.

2.2.2 Exclusion Criteria

- Cases of death due to sepsis outside the state of Para were not considered in our analyzes

- Individuals older than 20 years of age were ignored.

- Deaths occurring after the year 2019 were disregarded, as well as those obtained before the year 2015

- Data that do not refer to the microregions of the state of Para established by the IBGE and data from individuals with
variables such as sex, color/race, schooling, marital status, place of occurrence, and age grouped into age groups that are

inconsistent with the catalogs previously established for analysis.

2.3 Statistical Analysis

Data were analyzed using statistical procedures (comparisons and associations) to correlate them to analyze the space-
time distribution of mortality from sepsis. The tables and graphs were processed using the Excel 2013 spreadsheet, and the
maps were processed using the Arcgis 10.5 software. The results expressed in the tables were statistically analyzed using the

chi-square test of adherence, and for statistical decision criteria, a significance level of 5% was adopted (Hayat et al., 2017).

3. Results
In the state of Pard, during the period from January 2015 to December 2019, a total of 2,547 deaths from

sepsis were registered in SIM, according to the data presented in Table 1.
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Table 1. Epidemiological profile of mortality from sepsis (p-value <0.0001).

Variables n=2547 %
Sex Male 1376 | 54.02
Feminine 1171 | 45.98
color/race White 478 18.77
black 177 6.95
Yellow 7 0.27
brown 1809 | 71.02
Indigenous 14 0.55
ignored 62 2.43
education Iliterate 569 22.34
1to 3 years 632 |24.81
4107 years 393 | 1543
8to 11 years 224 8.79
12 years and over 67 2.63
ignored 662 | 25.99
marital status Single 623 | 24.46
Married 663 26.03
Widower 451 17.71
Judicially separated 64 251
Other 235 | 9.23
ignored 511 | 20.06
place of occurrence Hospital 2216 | 87.00
Another health facility
171 6.71
Residence 119 4.67
Public highway 15 0.59
Others 26 1.02
Age Group under 1 year 246 | 9.66
1to 9 years 79 3.10
10 to 14 years 32 1.26
15 to 19 years 29 1.14
20 to 39 years 236 9.27
40 to 59 years 442 17.35
60 to 79 years 866 34.00
80 years and over 612 24.03
age unknown 5 0.20

Source: Authors.

From January 2015 to December 2019, a total of 2,422,429 confirmed cases of sepsis were registered in the
SIH/SUS. The epidemiological profile of morbidity due to sepsis in Para during the period established for the study is
composed of: female sex, mixed-race, and age group from 20 to 39 years (variables of the epidemiological profile of

morbidity statistically significant, with p-value < 0.05). As seen in Table 2.
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Table 2. Epidemiological profile of morbidity from sepsis, from 2015 to 2019, in the State of Par4, Brazil (p-value <0.0001).

Variables n=2422429 %

Sex Male 919983 37.98
Feminine | 1502446 62.02
color/race White 50557 2.09
black 22561 0.93
Yellow 31271 1.29
brown 1478093 61.02
Indigenous 10491 0.43
ignored 829456 34.24

Age Group under 1
year 138969 5.74

1to 9 years

271029 11.19

10to 14
years 87643 3.62

1510 19
years 262796 10.85

20to0 39
years 916833 37.85

40 to 59
years 384797 15.88

60to 79
years 283344 11.70

80 years
and over 77018 3.18

Source: Authors.

The analysis of mortality from sepsis in the microregions of the Lower Amazon reveals that the municipality of
Obidos had the highest mortality rate in 2015 (0.86), Santarém in 2016 (1.21), and Almeirim in 2018 (0.67) (Figure 1).
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Figure 1. Historical series of the mortality rate from sepsis, from 2015 to 2019, by microregions of the Lower Amazon, in the
State of Para, Brazil. Rates are displayed for 100,000.

1,40

120

020 b \ ..-’
. o

0,60 \\ %

0.40 No—

020

o
e 2013 2016 2017 2018 2019
== Obidos 0.86 0.33 0,64 0,38 0,67
<~ Santarém 1,12 1,21 0,86 0,46 0,89
== Almemim| 0,28 028 0,14 0,67 0,27

Source: Authors.

Regarding the analysis of mortality from sepsis in the microregions of Marajd, Portel shows a considerable
increase in the pattern of the mortality rate of the five years of studies in the year 2019 (1.17), Furious de Breves
obtained a higher mortality rate in the year of 2016 (0.85) and Arari also in 2019 (0.79) (figure 2).

Figure 2. Historical series of the mortality rate from sepsis, from 2015 to 2019, by microregions of Marajé, in the
State of Pard, Brazil. Rates are displayed for 100,000 inhabitants.
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Source: Authors.

About the microregions of the Metropolitan Region of Belém, the capital and the Municipality of Castanhal

had the peak mortality rate from sepsis in 2015 (0.79 and 1.08, respectively), as shown in Figure 3.
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Figure 3. Historical series of the mortality rate from sepsis, from 2015 to 2019, by microregions of the Metropolitan Region

of Belém, in the State of Par4, Brazil. Rates are displayed for 100,000 inhabitants.
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Source: Authors.
The mortality rate from sepsis in the microregions of Northeast Para shows that Salgado and Bragantina had the

highest rate in 2018 (0.82 and 1.26, respectively), Camet4 in 2016 (0.63), Tomé-Agu in 2018 (0. 48) and Guama in 2019

(0.70), as shown in

Figure 4. Historical series of the mortality rate from sepsis, from 2015 to 2019, by microregions of the Northeast, in the State

of Para, Brazil. Rates are displayed for 100,000 inhabitants.
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Source: Authors.

In the Southwest of Par, there was a progressive increase in the mortality rate in both Itaituba and Altamira, from

2017 onwards, both with a peak in 2019 (0.81 and 0.94, respectively), as shown in Figure 5.
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Figure 5. Historical series of the mortality rate from sepsis, from 2015 to 2019, by microregions of the Southwest, in the State

of Para, Brazil. Rates are displayed for 100,000 inhabitants.
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The analysis of mortality from sepsis in the microregions of Southeast Pard shows that Tucurui had the highest rate in

2015 (0.63), Paragominas in 2016 (0.60), Sdo Félix do Xingu in 2018 (0.47), Parauapebas in 2018 (0.79), Maraba in 2016
(0.66), Redencéo and Conceicéo do Araguaia in 2017 (0.78 and 0.57, respectively) (Figure 6).

Figure 6. Historical series of the mortality rate from sepsis, from 2015 to 2019, by Southeast microregions, in the State of Par3,

Brazil. Rates are displayed for 100,000. inhabitants.
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Source: Authors.

The study area is composed of the 6 mesoregions of the state of Pard (Baixo Amazonas, Marajo, Metropolitan Region
of Belém, Northeast of Para, Southeast of Pard, and Southwest of Pard), which are subdivided into 22 microregions
(GOVERNO DO PARA, 2014). The division was used as a spatial delimitation to analyze the number of cases, several deaths,

incidence rate, and mortality rate from sepsis in the state of Parg, from 2015 to 2019 (Figure 7).
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Figure 7. The study area is divided into mesoregions and subdivided into microregions in the state of Par4, Brazil.
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Regarding the analysis of the number of deaths from sepsis in the mesoregions of the state of Pard, the Metropolitan

Region of Belém has the highest rate, with 886 deaths, followed by Northeast Pard (587 deaths), Southeast Para (430 deaths),
Baixo Amazonas (309 deaths), Southwest (169 deaths) and Marajo (164 deaths) (Figure 8).
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Figure 8. A number of deaths from sepsis in the mesoregions of the State of Para, Brazil, from 2015 to 2019.
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In the period from 2015 to 2019, there were more cases of sepsis in the Metropolitan Region of Belém, with 6,284
cases, followed by Baixo Amazonas (3,005 cases), Southeast Para (2,439), Northeast Para (1,494), Southwest Paré (1,241) and
Marajo (566) (Figure 9).
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Figure 9. A number of sepsis cases in the mesoregions of the State of Pard, Brazil, from 2015 to 2019.
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In the Lower Amazon mesoregion, the highest mortality rate from sepsis in the study period was in Santarém
(4.52), in the Marajo mesoregion it was in Furos de Breves (3.13), in the Metropolitan Region of Belém it was in

Castanhal (3.52), in the mesoregion of Northeast Para was Guama (2.71), in Southeast Para it was Parauapebas (2,554)
and in Southwest Par4, it was Altamira (3.48) (Figure 10).
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Figure 10. The mortality rate from sepsis in the microregions of the State of Para, Brazil, from 2015 to 2019.
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Regarding the incidence rate of sepsis during the study period, in the Lower Amazon mesoregion, the highest rate was
in Santarém (44.16), in the Marajé mesoregion it was in Arari (12.46), in the Metropolitan Region of Belém it was Belém

(24.87), in the mesoregion of Northeast Pard it was Bragantina (19.71), in the mesoregion of Southeast Para it was Séo Félix
do Xingu (33.78). In the mesoregion of Southwest Parg, it was Altamira (30.64) (Figure 11).
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Figure 11. The incidence rate of sepsis in the State of Para, Brazil microregions, from 2015 to 2019.
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3. Discussion

In the field of health promotion, knowledge of epidemiological data and the profile involved in deaths plays a
significant role not only in terms of controlling diseases and their vectors but also in improving the health of the population in
general, especially in studies focused on the approach to public health issues. Which are predominantly focused on
investigating how social characteristics influence and, above all, determine the health-disease process of populations (Ramos
et al., 2016).

Tables 1 and 2, referring to the epidemiological profile of mortality and morbidity from sepsis in Para, from 2015 to
2019, demonstrate that the gender variable differs in the percentage of affected individuals and deaths caused by the
complication. 62.2% of the affected individuals were female and 37.98% male. On the other hand, 54.02% of fatalities
correspond to males and 45.98% to females.

According to a study carried out by Levorato et al., 2014, in which the objective was to identify the factors
associated with the demand for health services and differences between the sexes, the authors obtained as a result that female
individuals sought health services 1.9 times more compared to males, thus considering the female sex a predictor of the most
prevalent search for health care, which also allows us to infer that the search for health care may be related to the outcome
morbidity and mortality (Levorato et al., 2014).

In addition, in a cross-sectional study carried out by Moretti et al., (2019), in which part of the objective was to
identify the population's knowledge of the term "sepsis"”, the authors observed that there was a more significant predominance
of understanding of the term in females (76.1%). Furthermore, it was also observed that the participants who had a higher
level of education were able to answer about knowledge on the subject. Thus, the study also showed that the education
variable is one of the most relevant characteristics that influence the understanding of sepsis.
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In this context, the results obtained in the current study about the education variable (Table 1) demonstrate that the
highest percentage of deaths is characterized by individuals whose education level was not recorded, that is, ignored
education (25.99%). , this is due to the failure to complete the forms in the health information systems in Brazil, with the
filling of variables such as education still low (Guimardes & da Cunha, 2020).

However, of the data that were recorded, the education variable (Table 1) stands out for individuals who had 1 to 3
years of schooling (24.81%), followed by illiterates (22.34%). These results suggest that there is an association between the
level of education and morbidity and mortality from sepsis in the population. Therefore, this is due to the role of education in
the prevention, identification, and understanding of the health-disease process, as well as the convenient search for health
care and, sequentially, early diagnosis and treatment (Lages et al., 2019).

However, it is essential to highlight that such data are fundamental in conducting research since data users depend
on the integrity and reliability of the record so that their findings are valid and allow decision-making, and resource
allocation, in addition to the identification of groups. Subject to greater risk and a better understanding of the origin of the
injuries. Therefore, knowledge of the educational level of individuals is essential for understanding the role of social
inequality in the risk of illness (Guimarédes & da Cunha, 2020).

The color/race variable for both mortality and morbidity of brown individuals (71.02% and 61.02, respectively)
(Tables 1 and 2) shows a statistically significant difference from the others. However, this can be justified by the fact that
most of the Brazilian population self-declares as brown, according to data from the 2019 National Household Sample Survey
(PNAD), in which the research findings showed that 42.7% of the population Brazilian population declares itself white,
46.8% brown, 9.4% black and 1.1% yellow or indigenous (IBGE, 2019).

In addition, the highest percentage of deaths during the period established for analysis refers to married and single
individuals (26.03% and 24.46%, respectively). However, according to IBGE data, most of the population, not only in Brazil
in general but also in Parda, aged 10 years or older, is single or married, not being considered a causal factor for mortality due
to sepsis (IBGE, 2018).

Regarding the place of death, the hospital environment stood out for the highest percentage, characterizing 87.00%
of deaths (Table 1). In this sense, it is known that sepsis requires hospitalization for promising treatment of complications and
organic dysfunctions, which, consequently, configures the finding in the present study. Therefore, sepsis is one of the main
conditions that generate burdens for the public and private sectors due to the need for expensive therapies and drugs (Barreto
et al., 2016).

Therefore, it is worth noting that, in Brazil, the data show high lethality, especially in public hospitals linked to the
SUS. In 2016 alone, there were 108,259 cases of hospitalization for sepsis, with a mortality rate of 46.36%. At the same time,
approximately R$ 17.3 billion annually is used for the treatment of septic patients, with R$ 10 billion of this total intended for
patients who die, generating a negative economic impact (Conde et al., 2013; Menezes et al., 2019).

The age group most affected by sepsis in the present study was 20 to 39 years old, representing 37.85% of cases
(Table 2), but there were more deaths of individuals aged 60 to 79 years old (34.00%), followed by 80 years old. and more
(24.03%), representing more than half of the deaths. In this context, similar results were found in the analysis of the study by
Santos et al., 2019, which demonstrates that the age group with the highest attribution of deaths from sepsis was 70 to 89
years.

Furthermore, in a retrospective multicenter cohort study conducted in 2018, the authors found that patients who died
from sepsis tended to be older adults. In this case, sepsis disproportionately affects elderly individuals with impaired
functionality and associated severe comorbidities. However, some of these elderly patients may receive optimal treatment
according to guidelines but still die due to severe sepsis or underlying disease, thus corroborating the findings of the present
study (Rhee et al., 2019).
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As for the historical series of the mortality rate from sepsis in the microregions of Parg, from 2015 to 2019 (Figures
1, 2, 3, 4,5, and 6), it is observed that there is no pattern of decline and/or progression of rates, but a significant fluctuation
over the years. However, only in Bragantina and Guama (Microregions of Northeast Pard), is it possible to observe an
increase in the mortality rate over the analyzed period.

Furthermore, with the number of deaths and cases of sepsis in the period 2015-2019, as well as the distribution of
mortality and incidence rates, it was possible to understand the distribution of sepsis in the state of Para. This mapping made
it possible to discriminate the places with the highest index of trivialized factors. Thus, this identification signals the urgent
need to intensify measures to combat sepsis (Jorge et al., 2002).

Therefore, it is essential to improve the population's knowledge for the rapid identification of signs and symptoms,
in addition to seeking assistance in health services. However, there is also a need to have qualified professionals to serve this
population, with early identification and effective treatment of the septic patient, so that, in this way, it is possible to prevent
an increase in cases of sepsis in these municipalities and, consequently, deaths (Moretti et al., 2019).

However, it is worth noting that the accelerated aging of the population has been the most important demographic
variant observed in developing countries, such as Brazil. Thus, aspects such as the gradual and continuous aging of the people,
the elderly segment identified as the most growth in the country, and the number of older adults at high values, make the
country the sixth largest elderly population in a global context. Because of this, this reality has a direct impact on the increase
in the demands of health care services throughout the country and, consequently, on the control of essential complications,
such as sepsis (Jorge et al., 2008).

4. Conclusion

Considering the findings of the present study, it can be inferred that the spatial and temporal distribution, as well as
the marked instability in the control of mortality from sepsis in Para. Therefore, it is concluded that it is of fundamental
importance to develop more targeted prevention policies, prioritizing educational measures and population awareness, in
addition to the continuous improvement of health teams regarding the knowledge of sepsis about early identification and more
effective care to reduce mortality from sepsis in the state of Para, Brazil.
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