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ABSTRACT
Objective: Correlate the cases of multidrug-resistant tuberculosis and its spatial patterns with 
the type of notification and sociodemographic variables. Method: Ecological study carried 
out in the municipality of Belém, with 77 cases of multidrug-resistant tuberculosis registered 
in the Special Treatment Information System for Tuberculosis, between 2012 and 2016. For 
analysis, the data was debugged followed by geo-referencing in ArcGis 10.3 and Terra View 
4.2.2. To relate the cases with the type of notification, the BioEstat 5.4 software was used, 
with a significance level of 95%. Results: Of the total, 40 (52%) were new cases; 27 (35%), 
relapses; and ten (13%) were re-enrolled after leaving. Multidrug-resistant tuberculosis was 
randomly distributed and related to income, household, territorial cluster and water supply. 
There was a concentration of cases in two administrative districts, corresponding to 28.5% 
and 27.3% of the total, with a median Sociodemographic Index. Conclusion: Behavior of 
multidrug-resistant tuberculosis influenced by sociodemographic indicators. 
Descriptors: Multidrug-Resistant Tuberculosis; Spatial Analysis; Geographic Information 
Systems; Epidemiology; Public Health.

RESUMO
Objetivo: Correlacionar os casos de tuberculose multirresistente e seus padrões espaciais com o 
tipo de notificação e variáveis sociodemográficas. Método: Estudo ecológico realizado no município 
de Belém, com 77 casos de tuberculose multirresistente registrados no Sistema de Informação 
de Tratamentos Especiais da Tuberculose, entre 2012 e 2016. Para análise, foi feita depuração 
dos dados seguida do georreferenciamento nos programas ArcGis 10.3 e Terra View 4.2.2. Para 
relacionar os casos com o tipo de notificação, utilizou-se o software BioEstat 5.4, com nível de 
significância de 95%. Resultados: Do total, 40 (52%) eram casos novos; 27 (35%), recidivas; e 10 
(13%) eram reingressos após abandono. A tuberculose multirresistente apresentou distribuição 
aleatória e relação com renda, aglomerado domiciliar, territorial e abastecimento de água. Houve 
concentração de casos em dois distritos administrativos, correspondentes a 28,5% e 27,3% do 
total, com Índice Sociodemográfico mediano. Conclusão: Foi constatado comportamento da 
tuberculose multirresistente influenciado pelos indicadores sociodemográficos. 
Descritores: Tuberculose Resistente a Múltiplos Medicamentos; Análise Espacial; Sistemas 
de Informação Geográfica; Epidemiologia; Saúde Pública.

RESUMEN
Objetivo: Correlacionar los casos de tuberculosis multirresistente y sus estándares espaciales 
con el tipo de notificación y variables sociodemográficas. Método: Estudio ecológico realizado 
en el municipio de Belém, con 77 casos de tuberculosis multirresistente registrados en el 
Sistema de Información de Tratamientos Especiales de la Tuberculosis, entre 2012 y 2016. Para 
análisis, ha sido realizada depuración de los datos seguida de la georreferenciación en los 
programas ArcGis 10.3 y Terra View 4.2.2. Para relacionar los casos con el tipo de notificación, 
se utilizó el software BioEstat 5.4, con nivel de significación de 95%. Resultados: Del total, 
40 (52%) eran casos nuevos; 27 (35%), recidivas; y 10 (13%) eran reingresos después del 
abandono. La tuberculosis multirresistente presentó distribución aleatoria y relación con 
la renta, aglomerado domiciliar, territorial y abastecimiento de agua. Hubo concentración 
de casos en dos distritos administrativos, correspondientes a 28,5% y 27,3% del total, con 
Índice Sociodemográfico mediano. Conclusión: Ha sido constatado comportamiento de la 
tuberculosis multirresistente influenciado por los indicadores sociodemográficos.  
Descriptores: Tuberculosis Resistente a Múltiplos Medicamentos; Análisis Espacial; Sistemas 
de Información Geográfica; Epidemiología; Salud Pública. 
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INTRODUCTION

Although treatment methods and techniques have evolved over 
the years, tuberculosis (TB) remains highlighted as an infectious 
disease that affects a large part of the world population and that, 
with the addition of an expressive number of cases of multidrug-
resistant tuberculosis (MDR-TB), it turns this disease into a global 
public health problem. The severity of TB has increased in recent 
decades due to its association with the human immunodeficiency 
virus (HIV), with multidrug resistance and the greater involvement 
of people in vulnerable situations. It is a disease also associated, 
in the social imagination, with stigma, fear and prejudice, factors 
that impact the control of transmissibility(1-2). 

The ability of TB-causing strains to acquire resistance is mainly 
due to the misuse of drugs, treatment abandonment and mutations. 
People with multidrug-resistant tuberculosis whose treatment is 
compromised are subject to drug poisoning processes, in addi-
tion to increased financial expenses. Treatment abandonment in 
drug-resistant TB cases presents the following main risk factors: 
re-entry after abandonment and/or being a drug user. And for 
death: reentry after abandonment, bankruptcy (case of TB with 
positive culture in the fifth month or after, during treatment), 
poly-resistance and extensive resistance(3).

For 2018, the World Health Organization (WHO) estimated 
about half a million (between 417,000 and 556,000) of new cases 
of rifampicin-resistant TB (RR TB), with 78% MDR-TB(4). In Brazil, 
in 2017, the incidence rate of MDR-TB and RR TB was 1.2 cases 
/ 100 thousand inhabitants, with an estimate of new cases for 
the country of 2,000 records of these forms of TB resistance(5).

The reduction in the number of MDR-TB cases is part of the 
TB control goals proposed by the National Plan for the End of 
Tuberculosis as a Public Health Problem, representing a public 
health challenge(6). The provision of incentives for social protection, 
associated with Directly Observed Treatment (DOT), enhances 
adherence to treatment, especially for people in situations of 
social vulnerability. However, the multi-causal profile of TB, the 
result of the social determination of the health-disease process, 
requires an effective social protection social construction, which is 
in line with effective proposals to combat vulnerabilities. In order 
to face TB, one must consider the importance of implementing 
health policies focused on vulnerable populations in Primary 
Health Care (PHC), in the reference counter-reference process 
and in the role of nurses in comprehensive care(7-9).

TB has a strong association with the social inequities of human 
groups who live in a situation of social exclusion and live in ter-
ritorial spaces that add greater poverty(8-9). The city of Belém has 
heterogeneous aspects of the population’s living conditions, given 
the presence of extensive poor areas in which health services do 
not function satisfactorily, being among the 181 priority Brazilian 
cities for TB control(10).

The use of technologies to identify the spatial patterns of 
MDR-TB cases enables greater accuracy and reliability to indicate 
the spatial location of these cases and relate to the potentializing 
variables for the occurrence of the phenomenon. In this sense, 
geoprocessing allows the systematization of data related to the 
distribution of MDR-TB, with the offer of results to support the 
implementation of the planning of disease control actions(11-12).

This study sought to answer the following question: What 
is the correlation of multidrug-resistant tuberculosis cases and 
their spatial patterns with the type of notification and sociode-
mographic variables?

OBJECTIVE

Correlate the cases of multidrug-resistant tuberculosis and 
its spatial patterns with the type of notification and sociode-
mographic variables.

METHOD

Ethical aspects

This study complied with what was established by Resolution 
NHC / MH No. 466/12, which provides for research involving human 
beings, being approved by the Research Ethics Committee and 
access to the database was done by signing the Authorization for 
Accessing the Database Term(AADBT) by the State Department 
of Public Health of Pará.

Study design and study site

This is an epidemiological study, of the ecological type, devel-
oped in the municipality of Belém-PA, which has 71 neighbor-
hoods, grouped into eight Administrative Districts for health 
management purposes, being: Belém Administrative District 
(DABEL), Bengui Administrative District (DABEN), Entroncamento 
Administrative District (DAENT), Guamá Administrative District 
(DAGUA), Icoaraci Administrative District (DAICO), Mosqueiro 
Administrative District (DAMOS), Outeiro Administrative District 
(DAOUT) and Sacramenta Administrative District (DASAC).

Population, sample; inclusion and exclusion criteria

The study population consisted of 77 cases of MDR-TB re-
ported on the TB SITE by the State Department of Public Health 
of Pará (SESPA), referring to the period from 2012 to 2016. All 
cases of MDR-TB from people living in the city of Belém with full 
addresses obtained from the compulsory notification form were 
included. Two cases that had the address filled in incompletely 
were excluded.

Study protocol

The first stage of the study took place from obtaining second-
ary epidemiological data referring to cases of MDR-TB in TB-SITE, 
a public and restricted database, composed of the following 
variables: year of notification, age, sex, education, address and 
type of notification or type of entry into the system. The type of 
notification or type of entry corresponds to the classification of 
the patient’s entry into the system: new cases (had never treated 
TB before or had done it for up to 30 days), relapse (falling ill again 
after healing) and re-entry after abandonment (when treatment 
was interrupted for more than 30 days)(13).

In the second stage, the data was debugged using the Mi-
crosoft Office Excel®2010 program, with the organization of the 
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variables to eliminate possible redundancy and obtain a more 
consistent and complete database. The third stage consisted of 
obtaining the digital meshes referring to the cartographic base 
of the municipality of Belém, available on the website of the 
Brazilian Institute of Geography and Statistics (IBGE); and the 
use of geographic coordinates of latitude and longitude for geo-
referencing patients with MDR-TB based on their addresses. The 
fourth stage took place from the acquisition of population data 
with the number of the population living in Belém, obtained from 
the 2010 Census database, made available by IBGE. 

Data analysis

Descriptive analysis was carried out with measures of disper-
sion, frequency distribution (mean, fashion and median) and 
epidemiological indicators. Pearson’s chi-square non-parametric 
statistical test was used to estimate the factors associated with 
the cases, in addition to the Anderson-Darling normality test. 
The 95% significance level was adopted, and the processing was 
done using the BioEstat 5.4 program. The data was grouped and 
analyzed according to the administrative districts of Belém and 
organized in tables, graphs and thematic maps.

The geographic coordinates (latitude and longitude) were 
obtained using the Freegeocoding and Google Maps tools, as 
well as the database of the Development and Administration 
Company of the Metropolitan Area of Belém (CODEM) for the 
creation of the georeferenced database (GDB). GDB gave rise to 
two files: (1) file of georeferenced points of MRD-TB cases; and 
(2) polygon file of the neighborhoods, which was derived from 
the census sectors of the 2010 IBGE Census.

The socio-demographic variables of the census sectors were 
used: income up to two minimum wages (income); five or more 
people per household (people); form of water supply not con-
nected to the network or well (water); form of sewage not con-
nected to the network or septic tank (sewer); and information on 
the presence of subnormal agglomerations at IBGE to create the 
Sociodemographic Index [(income + people + water + sewage + 
subnormal) / 5]. The following classification was considered for 
the Sociodemographic Index (Sdi): Low Sdi (0-0.25); Average Sdi 
(0.26-0.5); High Sdi (0.51-0.75); and Very High Sdi (0.76-1). GDBs 
(points and neighborhoods) were imported into ArcGIS software 
(https://www.arcgis.com), version 10.4, for the construction of the 
map of location, distribution, choropleth and risk of MDR-TB cases.

The Kernel Density Estimator (KDE) was used in the TerraView 
software (http://www.obt.inpe.br/OBT/assuntos/projetos/terralib-
terraview), version 4.2.2, with the parameters: quadratic function, 
density calculation and adaptive radius. KDE analyzed the number 
of MDR-TB cases per area and the incidence rate of MDR-TB per 
100 thousand inhabitants, expressing the results through a set 
of colors, namely: the Low Risk category was associated with the 
color green; the Medium Risk category, yellow in color; the High 
Risk category, in orange; and the Very High Risk category, in red. 
The incidence rate of MDR-TB was calculated using the number 
of MDR-TB cases in each census sector in the 2010 IBGE Census, 
divided by the population in the census sector.

Pearson’s correlation between the cases and the incidence 
rate of MDR-TB was performed with Sdi and its variables (income, 

people, water, sewage, subnormal), using software R (https://
www.r-project.org/).

RESULTS

Among the 77 cases studied, the types of entry, according to 
the notification, were identified as follows: 40 (52%) new cases, 
27 (35%) relapses and ten (13%) re-entry after abandonment 
(Table 1).

According to Table 1, MDR-TB cases in the municipality of 
Belém are more concentrated in DASAC neighborhoods, with 
23 cases; DAGUA, with 21 cases; and DABEN, with 15 cases. In 
DASAC, a higher proportion of new cases was identified, with 13 
(32.5%), and the cases of recurrence were equally distributed in 
DASAC and DAGUA, with 7 (25.9%) in each district. Re-entry after 
abandonment was predominant in DABEN, with 4 (40%) cases; 
followed by DASAC, with 3 (30%) cases. 

Tabela 1 – Distribuição dos casos de tuberculose multirresistente, segundo 
o tipo de notificação e o distrito administrativo de origem do paciente, 
Belém, Pará, Brasil, 2012-2016

Variável

Tipo de Notificação

Valor 
de p(1)

Caso novo
(n = 40)

Recidiva
(n = 27)

Reingresso
após abandono

(n = 10)
n % n % n %

Distrito              
DASAC 13 32,5 7 25,9 3 30,0

0,8583

DAGUA 10 25,0 7 25,9 4 40,0
DABEN 9 22,5 5 18,5 1 10,0
DAENT 4 10,0 3 11,1 2 20,0
DABEL 2 5,0 2 7,4 - -
DAICO 1 2,5 2 7,4 - -
DAMOS 1 2,5 - - - -
DAOUT - - 1 3,7 - -

Fonte: SITE-TB / SESPA / PA (2017).
Nota:  (1) Teste qui-quadrado de Pearson para correlação (p < 0,05); H1: Existe correlação signifi-
cativa entre as frequências (p < 0,05).

It was identified that the monthly average of cases was 1 (µ = 
1.28; σ = ±1.09), ratified by the median, with 50% of the months 
recording at least one case. The variance indicated a homogeneous 
series without high variability in the frequency of cases over the 
months. t was possible to identify a higher concentration in the 
initial phase of the series, characterizing abnormal distribution 
according to the Anderson-Darling normality test (p <0.05), 
indicating, therefore, that the distribution is of the leptocurtic 
and positive asymmetric type (K> 0 and As> 0).

The descriptive profile analysis, in Table 2, showed that the 
types of entry “new case” and “reentry after abandonment” were 
predominant in the age group 36 to 45 years old, with ten (25%) 
and five (50%) cases , respectively. In the “relapse” group, eight 
(29.6%) patients were aged between 26 and 35 years, and these 
frequencies were not correlated with the type of notification. 
There was predominance among younger people in the DAGUA 
district (5 / 62.5%), while in DASAC, the illness was more expressive 
among young adults and adults: age between 26 and 35 years 
(6 / 31.6%); 36 and 45 years old (7 / 31.8%); and 46 and 55 years 
old (7 / 46.7%). There was no significant correlation (p> 0.05) 
between the frequencies of MDR-TB cases with the age group 
in the different districts of Belém. 
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Regarding gender, likewise, there was no significant trend with 
the type of notification, with the male gender being the majority 
in the three groups: 25 (62.5%) new cases, 18 (66.7%) relapses and 
7 (7%) reentry after abandonment (Table 2). At DASAC, ten (37%) 
cases were female and 13 (26%) male. At DAGUA, ten (37%) were 
female and 11 (22%) were male; and in DABEN, five (18.5%) were 
female and ten (20%) were male. These differences do not show 
a significant relationship between the distribution of MDR-TB 
cases in the districts and the patient’s gender (p> 0.05).

Regarding education, it was found that complete secondary 
education was more frequent among the types of notification: 
eight (20%) new cases, eight (29.6%) relapses and three (30%) 
re-entry after dropping out. None of the variables showed to 
be correlated with the type of notification of cases (p> 0.05). 
The highest frequency occurred in the DASAC district, namely: 
6 (46.2%) patients with incomplete education between the 5th 
and 8th grades of elementary school; and seven (36.8%) patients 
completed high school. There was no significant correlation (p> 
0.05) between the frequencies of MDR-TB cases with schooling 
in different districts (Table 2). 

In Figure 1, it is possible to see the spatial distribution of MDR-
TB cases (Figure 1b) according to the administrative districts 
(Figure 1a) and the region’s Sdi (Figure 1c). There was a higher 
occurrence of cases in central regions of the municipality, but 
MDR-TB is identified in other geographical areas of the capital of 
Pará, although to a lesser extent. In relation to Sdi, DAICO, DABEN 
and DAMOS had the highest rates - and are districts furthest from 
the central area. Figures 1b and 1a show that DABEL is a district 
with few cases and low Sdi, while DASAC and DAGUA stand out 
with many cases and average Sdi. 

Figure 2 (A, B, C) refers to the distribution of MDR-TB cases in the 
geographical space according to the type of notification. It is noted 
that the new cases, recurrences and re-entry after abandonment, 
respectively, presented the highest distribution densities in DASAC 
and DAGUA (A); in DABEN, DAENT and DASAC (B); at DASAC, DABEN 

Table 2 – Distribution of new cases of multidrug-resistant tuberculosis, according to the type of entry and the sociodemographic profile, Belém, Pará, Brazil, 2012-2016

Variable

Type of entry

p value(1)New case
(n = 40)

Relapse
(n = 27)

Re-entry after abandonment
(n = 10)

n % n % n %

Age group            
16-25 5 12.5 3 11.1 - -

0.5600

26-35 8 20.0 8 29.6 3 30.0
36-45 10 25.0 7 25.9 5 50.0
46-55 9 22.5 4 14.8 2 20.0
56-65 5 12.5 3 11.1 - -
66-75 3 7.5 2 7.4 - -

Sex              
Female 15 37.5 9 33.3 3 30.0 0.8805Male 25 62.5 18 66.7 7 70.0

Education            
Illiterate - - 1 3.7 - -

0.8562

1st to 4th incomplete grades of elementary school 5 12.5 2 7.4 2 20.0
Complete 4th grade of elementary school 3 7.5 2 7.4 1 10.0
5th to 8th incomplete grade elementary school 8 20.0 3 11.1 2 20.0
Complete elementary school - - 1 3.7 - -
Incomplete high school 7 17.5 3 11.1 - -
Complete high school 8 20.0 8 29.6 3 30.0
Incomplete higher education 1 2.5 1 3.7 - -
Complete higher education 2 5.0 1 3.7 - -
Ignored 6 15.0 5 18.5 2 20.0

Source: TB SITE / SESMA / PA (2017).
(1) Pearson’s chi-square test for correlation (p <0.05); H1: There is a significant correlation between frequencies (p <0.05).

• Cases of MDR-TB

	 Neighborhoods

Administrative Districts (DA)

	 DABEL (DA of Belém)
	 DABEN (DA of Benguí)
	 DAENT (DA of Entrocamento)
	 DAGUA (DA of Guamá)
	 DAICO (DA of Icoaraci)
	 DAMOS (DA of Mosqueiro)
	 DAOUT (DA of Outeiro)
	 DASAC (DA of Sacramenta)

Nº of Cases 
of MDR-TB

	 0
	 1 - 3
	 4 - 6
	 7 - 8

ISD

	 Low
	 Medium
	 High
	 Very High

Projection: Geographic
Datum: SIRGAS 2000

Source: SINAN, CODEM and IBGE.

Figure 1 – Administrative Health Districts (A); Number of cases of multidrug-
resistant tuberculosis (B) and Classes of Sociodemographic Index (C), Belém, 
Pará, Brazil, 2012-2016
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and DAGUA (C). And when the analysis is done using the incidence 
rates (E, D, F) standardized by district, the highest densities are 
observed in DASAC for new cases (D); in DAICO, DABEN, DAENT, 
DASAC, DABEL and DAGUA for cases of recurrence (E); and DASAC, 
DABEL and DAGUA for cases of re-entry after abandonment (F). 

DISCUSSION

Through the descriptive analysis of the study, it was possible to 
verify the proportion of cases of MDR-TB and socioeconomic factors. 
The profile of the cases studied shows a predominance of males, 
possibly due to the tendency to spread the disease twice as much 
in men as in women, as well as the lack of self-care being greater 
among men, in addition to their greater exposure to risk factors(14-17). 

According to the study’s findings, there was a greater involve-
ment of economically active adults, which may be related to the 
lifestyle of this population, which does not have a regular meal 
schedule, who drinks alcohol and, thus, does not continue the 
Directly Observed treatment (DOT). uch a situation can have a 
negative impact on the evolution of treatment and on the family 
economy, due to the consequent unemployment, reduction of 
hours worked and difficulty to perform paid activities, resulting in 
income impairment, essentially when it comes to cases of MDR-TB 
in which treatment is different from standard, with higher cost 
and time to take anti-TB drugs(14-15,18-19).

The low educational level identified confirms previous find-
ings and has been associated with non-adherence to specific 
treatment for TB, due to the possible difficulty presented by the 
patient to understand the details involving the treatment and 
control of TB(20-21). The interruption of the therapeutic regimen 
hinders the success of the treatment and contributes to the oc-
currence of MDR-TB, both in the patient himself and in people 
without a history of illness(14).  

In this sense, the expressive number of new cases notified in 
the period draws attention because they are patients who had not 
previously had contact with anti-TB drugs, configuring primary 
resistance. These cases appear concentrated in districts whose 
social and demographic characteristics are of higher population 
density and greater poverty(22). Such findings were found in 
other studies in which TB is related to poor indicators, such as: 
low household income; low HDI; low per capita income; low life 
expectancy at birth; and high unemployment rates. All of this 
strengthens the thesis that TB is related to social inequality(18,23).

The high number of MDR-TB among people who had never 
previously treated TB is a cause for concern and suggests think-
ing about flaws in drug-sensitive TB control, with inadequate 
treatments, leading to therapeutic failure and contributing to 
the spread of resistant strains among people who have never 
been previously treated(24). In this context, the high dropout rate 
that has been identified in the capital of Pará may be affecting 
primary MDR-TB, since the WHO target for the dropout rate of 
treatment is <5% of cases, but, in the last three years, this rate 
was above the recommended(7-8). 

Table 3 – Pearson’s Correlation Test between cases and the incidence rate of multidrug-resistant tuberculosis with Sociodemographic Index and its 
variables (income, people, water, sewage, subnormal), Belém, Pará, Brazil, 2012-2016

Sdi Income People Water Sewage Subnormal

Cases Pearson 0.0741 0.0828 0.0827 -0.0274 0.0020 0.0876
p value 0.0070 0.0026 0.0026 0.3197 0.9419 0.0014

Rate Pearson 0.0697 0.0769 0.0834 -0.0206 -0.0045 0.0851
p value 0.0113 0.0051 0.0024 0.4542 0.8693 0.0019

Source: IBGE.
Note: Sdi - Sociodemographic Index.

The average annual incidence rate of MDR-TB in Belém, during 
the study period, was 1.1 cases per 100 thousand inhabitants, with 
higher rates in DASAC, corresponding to 8.5 / 100 thousand inhabit-
ants. This was the district that showed the highest density in new 
cases (D) and in recurrences (E), as well as low density in re-entry 
after abandonment (F).

Table 3 presents the result of the correlation test between the cases 
and the incidence rate of MDR-TB with Sdi and its variables (income, 
people, water, sewage, subnormal). It became evident that there is a 
correlation between MDR-TB and Sdi in the variables income, people 
and subnormal, that is, MDR-TB in the municipality of Belém is related 
to people who have an income of up to two minimum wages, residing 
in houses with five or more people, located in subnormal agglomerates 
(slum or stilt regions). The other variables studied were not significant.

• MDR-TB Cases

	 Neighborhoods
	 Districts

Kernel

	 High
	 Low

• MDR-TB Cases

	 Neighborhoods
	 Districts

Kernel

	 High
	 Low

• MDR-TB Cases

	 Neighborhoods
	 Districts

Kernel

	 High
	 Low

• MDR-TB Cases

	 Neighborhoods
	 Districts

Kernel

	 High
	 Low

• MDR-TB Cases

	 Neighborhoods
	 Districts

Kernel

	 High
	 Low

• MDR-TB Cases

	 Neighborhoods
	 Districts

Kernel

	 High
	 Low

Projection: Geographic - Datum: SIRGAS 2000 Source: SINAN, CODEM and IBGE.

D - New Case

A - New Case

E - Relapse Case

B - Relapse Case

F - Re-entry After Abandonment
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Figure 2 – Application of Kernel Density Estimator by the number of cases 
of multidrug-resistant tuberculosis (A, B, C) and by the incidence rate (D, E, 
F), respectively, in the concentration of new case, recurrence and re-entry 
after abandonment, Belém, Pará, Brazil, 2012-2016
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The abandonment of treatment is doubly harmful, and may 
result in MDR-TB in the patient who interrupted the therapeutic 
regimen, as well as, once multi-resistant, infecting people who have 
never been sick with TB, with strains already resistant to the drugs. 
In India, the country with the largest number of multidrug-resistant 
patients in the world, catastrophic expenses are generated for the 
private sector, referring to the need for financial support from the 
public sector for patients undergoing MDR-TB treatment(25).

In this study, 13% of the cases reported in the period had 
previously abandoned TB treatment, because of possible failures 
in the service, and this corroborates the findings in a study car-
ried out in reference hospitals in Ethiopia, which showed poor 
knowledge and practice of health professionals in the prevention 
and control of MDR-TB(26). Another determinant factor for bacterial 
resistance is the unsuccessful treatments that allow the patient 
to return in the condition of relapses - in this study, correspond-
ing to 35% of the total notified in the period. Relapse may result 
from non-compliance with therapeutic rigor or exposure to a 
new source of contagion after healing; and is 2.7 times more 
likely to manifest resistance(22).

In addition, there is evidence that municipalities with cases of 
MDR-TB have less primary care coverage and adherence to DOT, 
confirming the need for greater attention by health professionals, 
in the monitoring and control of patients, since DOT is a funda-
mental strategy for achieving cure, as it promotes adequate intake 
of anti-TB drugs, when accompanied by trained professionals(23).

DOT is seen as a challenge to reduce MDR-TB, as operational 
factors and the geopolitical context are barriers to the implemen-
tation of this treatment modality. It is known that managers must 
promote the adherence and decentralization of DOT, essentially 
nursing, which has a prominent role in the implementation of 
therapy(27-28). Therefore, measures aimed at specific care become 
necessary, including the co-responsibility of the actors involved 
and the strengthening of the bond between professional and 
person undergoing treatment for TB in order to combat and 
control TB more effectively(27). 

In addition to the personal and institutional factors that trigger 
multi-resistance, some socioeconomic and environmental con-
ditions also influence the worsening of MDR-TB. This is because 
TB is closely related to the population’s living conditions, being 
one of the main causes of morbidity and mortality in developing 
countries, which exhibit strong social inequality, which reflects 
on the health of individuals, especially those most vulnerable(29).

Regarding sociodemographic variables, the analysis of correla-
tion with cases and rates shows how MDR-TB is directly related to 
inequality and social inequities(30). Among the characteristics of 
the municipality of Belém, we highlight the presence of socially 
and economically deprived areas, which do not have adequate 
health services, which suffer from periodic flooding, without 
sanitation and without access to treated water. In addition, it has 
a high population density, great social heterogeneity, which may 
justify the random distribution of MDR-TB in the municipality(10).

In this sense, the association of Sdi with cases of MDR-TB is also 
demonstrated in other studies(31), because the gathering of people 
facilitates the transmission of the bacillus. In DASAC, low-income 
population predominates, living in houses without necessary 
ventilation and excessive humidity, justifying the average Sdi and 

the possible high number of cases. Likewise, the districts DAGUA 
AND DAICO, also located in peripheral areas, have a large concen-
tration of people, with low purchasing power and the presence 
of irregularly arranged dwellings in the territory, classifying it as 
a subnormal area(32). Localities whose homes are poor, and lack 
basic sanitation, are prone to poorly functioning health services. 
The absence of minimum conditions for a dignified life - such 
as low income, absence of drinking water, deficient sanitation, 
environmental disorder and human settlement - configures social 
exclusion, making it a potential geographical space for the illness 
of TB and, consequently, MDR-TB(8-9,33).

The application of the KDE allowed us to visualize that the 
cases of MDR-TB studied are located in geographically close 
districts, characterized as territories with greater poverty and 
violence, far from the urban center of the city, where people with 
less education reside. A previous study identified that the people 
most affected by TB have low income, low education level and 
high level of poverty(18).

The clusters of more intense points in the DASAC district can 
be explained by the fact that the analysis of the kernel density 
is based on the count of points per km2 in influential circulation 
areas, weighted by the distance of each of the locations of interest, 
without considering the population of areas(34-35). It was at DASAC 
that the highest incidence of MDR-TB was identified, a region of 
the city with medium socio-demographic indicators, typically 
characterized as an area around the city. It is a highly populated 
territory, with 18.41% of the population of the municipality, with 
monthly income below the minimum wage(36). These data show 
that the incidence of MDR-TB is related to sociodemographic 
factors, which therefore play an important role in the impact of 
TB on the social environment. 

Study limitations 

As a limitation, the use of secondary databases was identified, 
since health information systems should be analyzed with caution 
because they are records made in the service routine, therefore, 
subject to underreporting and incompleteness of data.

Contributions to the area of Nursing, Health or Public Policies

The study advanced as to the location of people with MDR-
TB, explaining its correlation with social inequities, highlighted 
here in the sociodemographic indexes. It is observed that, even 
with all the accumulated knowledge, TB is still a concern and 
has presented itself with more complicated forms for treatment 
and control, such as MDR-TB. Thus, it is hoped that the results 
of this research can assist nurses and other health professionals 
to implement health surveillance measures aimed at achieving 
the goals of the National Plan for the End of Tuberculosis as a 
Public Health Problem. 

CONCLUSION

MDR-TB was configured as an issue directly related to the 
socioeconomic variables of the study: low income, five or more 
people per household, irregular water supply and subnormal 
agglomerates. Therefore, professional assistants and managers 
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have a great challenge in formulating strategies aimed at control-
ling MDR-TB, especially for more socially excluded population 
groups, and must offer quality care with welcoming, counseling, 
referral to specialized services and ensuring access to a network 
articulated and effective approach that ensures comprehensive 
care for TB and MDR-TB cases. 

It was observed that the spatial distribution of cases allowed 
the identification of areas with a higher concentration of MDR-TB, 
which should be valued by the health authorities of epidemio-
logical surveillance, for the implementation of measures that 

promptly diagnose these cases and promote treatment with 
follow-up until cure. In addition, TB cases should be observed 
within the municipality, monitoring them to avoid treatment 
interruption and consequent evolution to MDR-TB.
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