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ABSTRACT
Objectives: to identify risk clusters for the occurrence of tuberculosis and its treatment 
outcomes. Methods: ecological study, in a city in Maranhão, using data from the Notifiable 
Diseases Information System. Point density analysis and isotonic scanning techniques were 
used to identify areas with the highest occurrence of treatment outcomes and identify 
risk areas for possible tuberculosis cases. Results: most tuberculosis cases occurred in the 
male, adult, brown-skinned population. Also, most of the reported cases were classified as 
pulmonary and as new cases that progressed to a cure. The areas with the highest density 
of cure, death and abandonment are located in the central region of the city. Conclusions: 
the central region of the urban area of the city, with high demographic density and poor 
sanitary and socioeconomic conditions, presented a greater cluster of tuberculosis cases.
Descriptors: Tuberculosis; Ecological Parameter; Spatial Analysis; Risk Factors; Nursing.

RESUMO
Objetivos: identificar aglomerados de risco para ocorrência da tuberculose e desfechos 
no tratamento. Métodos: estudo ecológico, realizado em município maranhense, usando 
dados do Sistema de Informação de Agravos de Notificação. Utilizou-se técnica de análise 
de densidade de pontos e de varredura isotônica, para identificação das áreas de maior 
ocorrência dos desfechos no tratamento e identificação das áreas de risco para os casos de 
tuberculose. Resultados: a maioria dos casos de tuberculose ocorreu em pessoas do sexo 
masculino, adultos, da raça parda. Também, a maior parte dos casos notificados classificou-
se como pulmonar e se referiu a casos novos, progredindo para a cura. As áreas com maior 
densidade de cura, óbito e abandono estão localizadas na região central do município. 
Conclusões: a região central da área urbana da cidade, com alta densidade demográfica e 
precárias condições sanitárias e socioeconômicas, apresentou maior aglomerado de casos 
de tuberculose.
Descritores: Tuberculose; Estudos Ecológicos; Análise Espacial; Área de Risco; Enfermagem. 

RESUMEN
Objetivos: identificar aglomerados de riesgo para ocurrencia de tuberculosis y desfechos 
en el tratamiento. Métodos: estudio ecológico, realizado en Maranhão, usando datos del 
Sistema de Información de Agravios de Notificación. Utilizó técnica de análisis de densidad 
de puntos y de barredura isotónica, para identificación de áreas de mayor ocurrencia de los 
desfechos en el tratamiento e identificación de áreas de riesgo para los casos de tuberculosis. 
Resultados: mayoría de los casos de tuberculosis ocurrió en personas del sexo masculino, 
adultos, de la raza parda. También, la mayor parte de los casos notificados se clasificó como 
pulmonar y se refirió a casos nuevos, progresando hacia la cura. Áreas con mayor densidad 
de cura, óbito y abandono están ubicadas en la región central del municipio. Conclusiones: 
la región central del área urbana de la ciudad, con alta densidad demográfica y precarias 
condiciones sanitarias y socioeconómicas, presentó mayor aglomerado de casos de tuberculosis.
Descriptores: Tuberculosis; Estudios Ecológicos; Análisis Espacial; Área de Riesgo; Enfermería.
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INTRODUCTION

The spatial distribution of endemic diseases, including tuber-
culosis, is currently the object of studies of geographic epidemi-
ology. Researches that link these diseases to geographic space 
has been of great value to the scientific community, since the 
dynamics of these spaces, as well as the changes resulting from 
human occupation, have an impact on the occurrence, incidence 
and/or maintenance of diseases, as well as on the effectiveness 
or failure of public health policies implemented(1-5).

The use of technologies based on geographic information 
systems can contribute to the understanding of the distribu-
tion dynamics of disease cases, including tuberculosis, since it 
can facilitate the identification of areas or places at risk(4). These 
technologies can also be an important tool for the management 
and planning of health policies or programs, supporting strate-
gies for tuberculosis control and prevention(5).

Thus, geographic information technologies are able to assist 
Health Surveillance Services. This national policy is responsible for 
actions of surveillance, prevention and control of communicable 
diseases, as well as for the analysis of the health situation of the 
Brazilian population(6).

In the field of nursing, researches involving health surveillance 
are of great relevance, considering that, during academic training, 
nurses are prepared to work in epidemiological research and for 
being at the forefront of health care(7). These professionals can 
actively participate in the population’s health-disease process, 
acting in direct contact with users, the community and the 
multidisciplinary team, in the conduct of public health actions(8).

In addition, it is emphasized that the use of these technologies 
can both promote better control of tuberculosis, assisting in the 
search or fulfillment of goals, as well as facilitating the observa-
tion of the commitment of the federated entities in relation to 
tuberculosis, depending on the time. This should be carried out 
by state and city administrative agents in the management of 
public resources, and by the Union(9).

Regarding the global epidemiological panorama, tuberculosis 
is still seen as a serious public health problem in the world, being 
strongly related to poverty and poor income distribution(10). It has 
a high mortality rate, being one of the biggest causes of morbidity 
and mortality in the world(11). It is essentially urban, associated 
with social determinants of health and the population and/or 
individual living conditions, which contributes to demonstrate 
the complex reality linked to the disease(12-13).

In 2018, Brazil had an incidence coefficient of 34.8 cases per 
hundred thousand inhabitants. In the Northeast Region, with 
33.1 cases per 100 thousand inhabitants, being classified as one 
of the Brazilian regions with the highest incidence coefficient for 
this disease. In the state of Maranhão, the coefficient of incidence 
of cases was approximately 30.3 cases per hundred thousand 
inhabitants: in the capital, São Luís, it reached 62.3 per hundred 
thousand inhabitants(14); in the city of Imperatriz, according to 
data from the State Health Plan, in the period from 2016 to 2019, 
it was of 10.2 cases per hundred thousand inhabitants(15).

The city of Imperatriz can be considered one of those that in-
tegrate scenario 1 of the classification of the National Plan for the 
End of Tuberculosis as a Public Health Problem. The municipality 

reported an average of 25% to 27.8% of new tuberculosis cases, 
in addition to having demonstrated that it is an endemic disease 
concentrated in vulnerable populations, justifying the develop-
ment of studies to understand the spatial distribution of cases(16).

In addition, it is believed that the dissemination of informa-
tion obtained in this research should contribute to the actions 
of tuberculosis control in that municipality by public agents, 
subsidizing measures for socioeconomic and sanitary improve-
ments of the population. It should also serve as an instrument of 
articulation with the Family Health Strategy teams, guiding their 
actions for health promotion in the municipality.

In this context, the following question is necessary: What 
are the spatial clusters at risk for the development of tubercu-
losis and what are the treatment outcomes in a municipality in 
Northeast Brazil?

OBJECTIVES

To identify the spatial clusters at risk for the occurrence of tu-
berculosis and the treatment outcomes in a Brazilian municipality.

METHODS

Ethical aspects

The study was approved by the Research Ethics Committee 
of the Ribeirão Preto School of Nursing, University of São Paulo, 
following the ethical recommendations of the National Health 
Council, according to Resolution 466/2012.

Study design, period and location

This is an ecological study conducted in 2019, in the city of Im-
peratriz. According to data from the Brazilian Institute of Geography 
and Statistics (IBGE) for the year 2019, Imperatriz has an estimated 
population of 258.016 people, with a demographic density of 
180.79 per km² and a territorial area of 1.368.988 km2(16). Regarding 
socioeconomic indicators, the city has an illiteracy rate of 9.7%, life 
expectancy at birth of 73.2 years, Municipal Human Development 
Index (MHDI) of 0.73, social exclusion index of 0.6, poverty incidence 
of 55.28% and Gini coefficient of 0.46. Regarding basic sanitation, 
23% of the city has a sewage system; and 86% a clear water supply(17).

EQUATOR guidelines were followed, using the Strengthen-
ing the Reporting of Observational Studies in Epidemiology 
(STROBE) instrument.

Population or sample, inclusion and exclusion criteria

Tuberculosis cases obtained in the Notifiable Diseases Information 
System (Sinan), with dates of diagnostic from 2013 to 2018 were 
considered. The variables selected were: race, sex, age group, form 
of tuberculosis, start of treatment, outcome and home address.

Secondary data were collected at the Health Surveillance 
Service of the Imperatriz Regional Health Management Unit, of 
the Maranhão state government, in February 2019. In the data 
collection process, the information was tabulated in Microsoft® 
Office Excel 2013 spreadsheets, going through the database 
validation process and removing duplicate notifications. Cases 
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in the “treatment outcomes” field that were filled in as “change 
of diagnosis” were excluded from the analyses, as they did not 
correspond to tuberculosis cases(18). The ecological analysis units 
of the study were the 218 Imperatriz urban census sectors.

Analysis of results and statistics

Descriptive analysis of the variables of the cases was performed, 
with the calculation of absolute and relative frequencies and rates, 
according to subgroups of each variable. In the calculation of the 
rates, for the variables “age group” and “sex”, the denominator was 
the municipal population for each subgroup, that is, population 
stratified according to the age groups (under 15 years old; 15 to 
59 years old; and over 60 years old), and men and women, for 
the variable “sex”. For the variables “form of tuberculosis”, “cause 
of entry” and “outcome of treatment”, the coefficients were not 
calculated, as there is exclusively information about the total 
population, and not about these categories. For the calculation, 
the municipal population of Imperatriz in 2010 (year correspond-
ing to the last Brazilian census) and the number of years of study 
(6 years) were considered, with the multiplication factor being 
one hundred thousand (inhabitants).

Tuberculosis cases were geocoded based on the geographic 
coordinates of latitude and longitude of the residential addresses 
of each case. The free access software Google Maps® was used to 
identify geographic coordinates; and the ArcGis® 10.6 software, with 
the construction of a file containing the geographical coordinates 
of each case in SIRGAS2000 projection for georeferencing. Cases 
whose addresses were located in a rural area, without an address 
and/or were incomplete were excluded from this stage. Thus, of the 
434 total cases, 413 remained after applying the exclusion criteria.

To identify the areas with the highest occurrence of the out-
comes “death”, “cure” and “abandonment” of tuberculosis cases, 
the technique of point density analysis, defined as the Kernel 
density estimator, was used. It is very useful to provide an overview 
of the distribution of sample points, as well as an indication of 
the occurrence of clusters, suggesting spatial dependence(19-21). 
It is important to highlight that the Kernel estimator has, as a 
basic parameter, the radius of influence(20-21) which defines the 
neighborhood of the point to be interpolated and controls the 
smoothness of the surface generated(20-21). Small radii of influence 
can generate the representation of discontinuous and oscillating 
areas (surfaces); at the same time, if they are too large, the surface 
can become very smooth and wide, not representing the event 
of interest in a real way(20).

In this sense, to avoid the problem with the use of very small 
or large rays, we used the tool provided by the ArcGis® 10.6 soft-
ware, called Incremental Spatial Autocorrelation (ISA), which, by 
measuring the spatial autocorrelation of distances, defines the 
best conformation of the spatial grouping (risk areas), indicating 
the best influence radius(21-22).

Considering the radius of influence of one thousand meters 
defined by the ISA tool, thematic maps of the density distribution 
of the outcomes “cure”, “death” and “abandonment”, according 
to home address, were generated in the ArcGis® 10.6 software.

To identify the risk areas related to the cases of the disease, the 
technique of isotonic scanning statistics, or scan statistics, proposed 

by Kulldorff and Nagarwalla in 1995(23-25) was used. This analysis 
technique allows the gradual visualization of the spatial risk intensity 
within the cluster(26). Considering the maximum size of the cluster 
equal to 50% of the exposed population, the spatial statistics of 
isotonic scanning were performed using SaTScan ™ 9.6 software. 

In the next section, the results from the statistical methods 
used will be presented, as well as the descriptive analysis of the 
case variables.

RESULTS

Most cases of tuberculosis were in males (260; 62%), aged 
15 to 59 years (328; 78%) and of brown skin color (263; 62.6%). 
There were four cases of tuberculosis in children under 2 years 
old, two cases in 2014, one in 2015 and one in 2016.

Regarding the form of tuberculosis, most were classified as 
pulmonary (368; 87.6%), as well as most of the cases reported 
were new cases (374; 89.0%) that progressed to a cure (342; 
81.4%) (Table 1).

Regarding treatment outcomes for cure, new cases and aban-
donment, Imperatriz presented rates of 81.4%, 89.0% and 1.6%, 
respectively. Concerning the spatial distribution of tuberculosis 
cases, 21 cases out of 434 were disregarded due to incomplete 
addresses, with 9 cases without a house number (2%) and 5 cases 
with a blank address (1.1%), in addition to 7 cases (1.6%) classified 
as “change in diagnosis”, totaling 413 georeferenced cases (95.1%).

Table 1 - Sociodemographic and clinical-epidemiological characteristics of 
tuberculosis cases and respective rates per hundred thousand inhabitants 
in the period 2013-2018, Imperatriz, Maranhão, Brazil, 2020

Variable n (%)
Rate

(per hundred  
thousand inhabitants)

Gender
Male 256 (61.9) 35.4
Female 157 (38.0) 20.1

Skin color
Brown 259 (62.7) 22.9
white 94 (22.8) 42.7
Black 50 (12.1) 60.4
Yellow 10 (2.3) 18.5

Age group, years
< 15 17 (4.0) 4.23
15-59 324 (78.4) 33.3
> 60 72 (17.4) 58.3

Tuberculosis form
Pulmonary 363 (87.8) *
Extrapulmonary 40 (9.7) *
Pulmonary and extrapulmonary 10 (2.4) *

Type of entry
New casa 370 (89.6) *
Relapse 22 (5.3) *
Re-entry 5 (1.1) *
Transfer 16 (3.9) *

Treatment outcome
Cure 342 (81.4) *
Abandonment 7 (1.6) *
Death from tuberculosis 1 (0.2) *
Death from other causes 13 (3.0) *
TB drug resistant 4 (0.9) *
Primary Abandonment 1 (0.2) *
Not evaluated 45 (10.6) *

Note: *Rates have not been calculated.
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Using isotonic scanning statistics, it 
was possible to identify a cluster of sta-
tistically significant risk for cases of the 
disease, with a p-value of 0.0013, relative 
spatial risk of 1.41 (confidence interval 
1.14-1.73), with 129 cases, incidence rate 
of 38.5 per hundred thousand inhabitants 
and log likelihood of 14.1. Seven Steps in 
Risk Function were also identified, whose 
relative spatial risk ranged from 8.52 (in 
step 1) to 1.16 (in step 7).

The spatial risk cluster comprised the 
neighborhoods Boca da Mata, Bacuri, 
Cafeteira, Vila Lobão, Parque Alvorada II, 
Beira Rio, and Nova Imperatriz. The Health 
Districts that provide assistance to these 
neighborhoods are: Cafeteira, Bacuri and 
Santa Rita (Figure 2). Distant from the noble 
areas of the city, whose infrastructure is 
well favored, these neighborhoods are 
characterized by precarious conditions of 
infrastructure and basic sanitation.

It can be observed, then, that the 
neighborhoods, which make up the spatial cluster of risk men-
tioned above, are located far from the areas considered noble 
of the city - whose infrastructure is well favored - and, therefore, 
present precarious conditions of infrastructure and basic sanitation.

DISCUSSION

Of the cases surveyed, 97% were geo-referenced, which is 
satisfactory, since this proportion indicates good completeness of 
coverage and quality of the information recorded in SINAN regard-
ing the addresses of the cases notified in the health information 
systems(27). Areas of low risk for the occurrence of tuberculosis need 
to be analyzed with due parsimony, since they may be the result 
of underreporting of the cases of the disease, a phenomenon still 
common in Brazil and which requires investment in surveillance(27).

According to gender, the male predominance follows the 
worldwide distribution of tuberculosis cases. Regarding the 
treatment outcomes, the percentage of the “cure” outcome in 
Imperatriz is higher than the national one, while the “abandon-
ment” and “new cases” outcomes had lower percentages, also 
compared to national results(14).

A possible explanation for the treatment outcomes discussed 
above is found in the effectiveness of services to combat tuber-
culosis by municipal health managers. However, this statement 
needs further studies to assess the effectiveness and impact of 
the municipality’s health actions.

Still, the area that has the largest spatial agglomeration of 
urban risk has had, in the last decades, a disorderly population 
growth, characterized by precarious housing and sanitary condi-
tions. This area still has low family income, low purchasing power, 
low education, insufficient medical resources, a high number of 
inhabitants per household (intra-domiciliary transmission) and 
a large cluster of homes with poor ventilation and light, factors 
that can increase the risks for tuberculosis transmission(4-5).

Figure 1 - Areas with the highest density of cure, death and abandonment outcomes due to tuber-
culosis in the period 2013-2018, Imperatriz, Maranhão, Brazil, 2020
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Note: RR – Relative Risk; 95% CI – 95% confidence interval.
Figure 2 - Spatial clusters of high risk for tuberculosis in the period 2013-
2018, Imperatriz, Maranhão, Brazil, 2020

Through the Kernel density estimation, it was possible to identify 
that the areas with the highest density of cure, death and abandon-
ment were located in the central region of the municipality (Figure 1). 
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Such determinants are called social determinants of health and 
comprise socioeconomic, cultural, ethnic-racial, psychological 
and behavioral factors, which influence the occurrence of health 
problems and their risk factors in the population(28-31).

Supporting the approach to social determinants means un-
derstanding the value that health has for society and admitting 
that it depends on socioeconomic and health actions, which often 
have no direct relationship with the health sector. Without the 
implementation of actions regarding social determinants, the 
sustainable development objectives (SDOs), directly linked to 
the health area, will not be met(13).

From this perspective, public policies have a central impor-
tance — for example, transporting and housing policies, at the 
local level; fiscal, environmental, educational and social policies 
at the national level; and financial, commercial and agricultural 
policies at the global level(13).

Furthermore, it is also important to think about basic sanitation 
not only as a prevention of endemic diseases, but also as health 
promotion. Basic sanitation must take place in order to prevent 
and control diseases and provide well-being for the population. 
Considering this logic, health is the result of conditions of nutrition, 
housing, education, income, environment, work, transportation, 
employment, leisure, freedom and access to health services(12).

On the other hand, recent studies claim that the increase 
in the poorest populations in community areas, living under 
unsanitary conditions and overcrowding in households with 
sanitary deficiencies, facilitates the proliferation of tuberculosis 
worldwide(4-5,14). These populations, said to be vulnerable, are more 
susceptible to tuberculosis, as well as those living with HIV/AIDS, 
diabetes, or other chronic comorbidities; populations deprived 
of their liberty; people residing in border regions; indigenous 
populations; people subjected to social and economic depriva-
tion; among others(31-33).

Health, therefore, is not just the absence of disease, since it 
encompasses several aspects interrelated to the individual/society 
and requires the elaboration, planning and implementation of 
intersectoral actions, focusing on the needs of the population.

Study Limitations

The limitations of this research refer to the fact that the 
study presents a succinct mapping of areas at risk for cases of 
tuberculosis and treatment outcomes. In addition, there is the 
possibility of underreporting in areas considered to be of low 
risk and errors in the information related to the addresses of 
the cases, since the information collected was through second-
ary data(27).

However, the spatial scan statistics contributed to expose 
both the tuberculosis scenario in Imperatriz and the presence 
of geographic areas of the municipality that are more suscep-
tible to illness and lack specific actions to control the disease(27).

Contributions to the area of Nursing, Health or Public Policy

For a disease of a social nature, such as tuberculosis, it is of 
fundamental importance that there is a health education capable 
of empowering sick citizens, so that they can achieve improve-
ments in their quality of life(32).

Educational practices, which must be implemented primarily 
by teams in health services and health strategies, must be devel-
oped at the individual and collective levels, promoting healing 
and rehabilitation, with the user and the community as allies and 
protagonists of the therapeutic process and mobilizations for the 
expanded right to health(32).

The proposal to identify the probable clusters of risk for 
tuberculosis strengthens the fight against this disease and the 
achievement of the goals established in the National Plan for 
the End of Tuberculosis as a Public Health Problem. It subsidizes 
the strengthening of health services and care and prevention 
actions among individuals, based on the early detection of cases 
in places that are possible sources of infection(31).

Although this study does not aim to evaluate the access to 
health services, it is important to highlight that the heterogeneous 
distribution of risks for tuberculosis could be influenced both by 
the location of these services and by the quality with which they 
are offered to populations(27).

CONCLUSIONS

The central region of the urban area of the city showed a greater 
cluster of tuberculosis cases. It is an area with high demographic 
density and poor sanitary and socioeconomic conditions. Cases 
were recorded throughout the urban area of the city, but the 
largest number of cases occurred in the central urban region of 
the municipality, with emphasis on the “cure” outcome.

Other studies with analytical designs that are able to verify, with 
greater precision, possible associations between the areas of greatest 
risk for tuberculosis and the treatment outcomes are indispensable, 
and relating those results with social vulnerability is very important, 
since this research did not establish such a relationship, since it maps 
only of areas at risk for tuberculosis, composing an exploratory study. 
However, with regard to social and health aspects, it is believed that 
this work can contribute to the population of Imperatriz, assisting 
public managers in planning, developing and implementing mea-
sures to combat, control and prevent future cases of tuberculosis.

Other, more robust studies should be conducted, using other 
analyzes and more advanced statistical models, aiming, for ex-
ample, to analyze the spatial and spatial-temporal relationship 
of tuberculosis cases in the municipality.
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