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ABSTRACT | Objective: to analyze the distribution of deaths from pulmonary tuberculosis in the state of Amazonas. Method: it is 
an ecological study with secondary data from the Mortality Information System, during the period from 2007 to 2017. The QGIs 
software was used to create a digital map and the RStudio software for statistical analysis. In the data analysis, multiple linear 
regression, the Moran Global index and the Lagrange multiplier test were applied. Results: 1,267 cases of deaths from pulmonary 
tuberculosis were identified in the state of Amazonas. Most deaths occurred in males (64.64%); singles (47.43%); aged ≥ 60 
years (51.14%); race / brown color (71.11%). It was found that there is no spatial autocorrelation using the Moran Global index 
(0.0094). Conclusion: The spatial distribution of deaths occurred heterogeneously in different regions of the state of Amazonas, 
with high mortality rates during the period from 2007 to 2017.
Keywords: Pulmonary Tuberculosis; Death; Spatial Distribution.

RESUMEN | Objetivo: analizar la distribución de muertes por tuberculosis pulmonar en el estado de Amazonas. Método: se trata de un 
estudio ecológico con datos secundarios del Sistema de Información de Mortalidad, durante el período de 2007 a 2017. Se utilizó el 
software QGIs para crear un mapa digital y el software RStudio para análisis estadístico. En el análisis de datos se aplicó regresión lineal 
múltiple, el índice Moran Global y la prueba del multiplicador de Lagrange. Resultados: se identificaron 1.267 casos de defunciones 
por tuberculosis pulmonar en el estado de Amazonas. La mayoría de las muertes ocurrieron en hombres (64,64%); solteros (47,43%); 
edad ≥ 60 años (51,14%); raza / color marrón (71,11%). Se encontró que no existe autocorrelación espacial usando el índice Moran 
Global (0.0094). Conclusión: La distribución espacial de las defunciones ocurrió de manera heterogénea en diferentes regiones del 
estado de Amazonas, con altas tasas de mortalidad durante el período 2007 a 2017.
Palabras claves: Tuberculosis Pulmonar; Muerte; Distribución Espacial.

RESUMO | Objetivo: analisar a distribuição dos óbitos por tuberculose pulmonar no estado do Amazonas. Método: trata-se de 
um estudo ecológico com dados secundários do Sistema de Informação de Mortalidade, durante o período de 2007 a 2017. O 
software QGIs foi utilizado para elaborar um mapa digital e o software RStudio para as análises estatísticas. Na análise dos dados foi 
aplicado a regressão linear múltipla, o índice de Moran Global e o teste multiplicador de Lagrange. Resultados: identificou-se 1.267 
casos de óbitos por tuberculose pulmonar no estado do Amazonas. A maioria dos óbitos ocorreram no sexo masculino (64,64%); 
solteiros (47,43%); com faixa etária ≥ 60 anos (51,14%); raça/cor parda (71,11%). Verificou-se que não existe autocorrelação 
espacial através do índice de Moran Global (0.0094). Conclusão: A distribuição espacial dos óbitos ocorreu de forma heterogênea 
nas diferentes regiões do estado Amazonas, apresentando elevadas taxas de mortalidade durante o período de 2007 a 2017.
Palavras-chaves: Tuberculose Pulmonar; Óbito; Distribuição Espacial.

Spatial analysis of deaths from pulmonary 
tuberculosis in the state of Amazonas

INTRODUCTION

Tuberculosis (TB) is an infec-
tious disease caused by Myco-
bacterium tuberculosis. 1,2 It is 

an alcohol-acid resistant bacillus (AARB) 
that has a preference for lung tissue, but 
can also affect other regions of the body, 
such as bones, nerves, among others. It 
is considered one of the oldest infectious 
diseases of mankind and, although it can 
be prevented and treated, it remains to-
day as a serious public health problem. 
According to the World Health Organi-
zation (WHO), in 2016 there were 10,4 

million new cases of tuberculosis in the 
world and 1,3 million deaths. 1

There are several factors that have 
been associated with tuberculosis, inclu-
ding endogenous factors (age, sex, race, 
the presence of HIV and diabetes) and 
lifestyle (alcohol consumption). 3,4 This 
approach, even though it identifies risk 
factors at the individual level, does not 
consider the socioeconomic context of 
the population, which is one of the main 
determinants of the incidence of TB. 5

The prevalence and mortality from 
TB have undergone several changes over 
the years worldwide, the prospects were 
that most countries would reach the goal 
of reducing these coefficients by 50% 
in relation to the indicators from 1990 
to 2015. In 2015, a challenge was laun-
ched by the World Health Organization: 
the elimination of tuberculosis by 2050. 
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6 The disease represents the second le-
ading cause of death among infectious 
diseases and, in 2012, caused around 
1,3 million deaths worldwide, demons-
trating its severity, especially in the 22 
countries that concentrate 80% of the 
disease burden. 1

Brazil is among the 30 countries 
that concentrate 80% of TB cases in the 
world. 1 Annually, there are about 73 
thousand new cases and 4.500 deaths 
from tuberculosis in the country 7, being 
Amazonas, the state with the highest TB 
incidence rate, estimated at 71,4 cases 
per 100 thousand inhabitants, in 2017, 
double the country's average incidence, 
which was 33,5 cases per 100 thousand 
inhabitants. 8 

In the period from 2001 to 2011, 
the average annual mortality rate in 
Amazonas was 3,5 deaths per 100 
thousand inhabitants, higher than the 
country's average rate, which was 2.5 
deaths per 100 thousand inhabitants. 
During this period, both the incidence 

rate and the mortality rate showed a 
slow reduction. 9 In recent years, the 
disease has worsened, with an avera-
ge annual increase of 3% in the inci-
dence rate. 10

Spatial and temporal analysis has 
been used as an important tool to assist 
in the process of understanding the com-
plexity of tuberculosis. 11 Given the abo-
ve, this study aimed to analyze the trend 
and distribution of deaths from pulmo-
nary TB in the state of Amazonas, from 
2007 to 2017, and to identify the areas 
with the highest frequency of deaths per 
municipality. 

METHOD

This is an ecological study with 
secondary data from the Mortality In-
formation System (MIS), with the unit 
of analysis being the municipalities of 
the state of Amazonas. The study popu-
lation consisted of individuals residing 
in that state, who were diagnosed with 

pulmonary TB and died between 2007 
and 2017.

Information on the number of de-
aths, according to the years 2007 to 
2017, was collected from secondary 
data available in the DATASUS 12 MIS. 
Data on the sociodemographic cha-
racteristics of the population of muni-
cipalities in the state of Amazonas, on 
the other hand, were collected through 
censuses carried out by the Brazilian 
Institute of Geography and Statistics 
(Instituto Brasileiro de Geografia e Es-
tatística - IBGE) in the years 2000 and 
2010, using the IBGE Automatic Reco-
very System - SIDRA (Sistema IBGE de 
Recuperação Automática). 13

According to the 2010 Population 
Census, the state of Amazonas has a po-
pulation of 3.483.985 inhabitants, this 
population being considered the second 
largest in the North Region and corres-
ponding to approximately 1,8% of the 
current population in Brazil. 13 Amazo-
nas has a total area of 1.559.161 km2, 
comprising 62 municipalities, the capi-
tal Manaus is the largest city in the Nor-
th Region, with 2,1 million inhabitants. 
Figure 1 shows the distribution of the 
municipalities and the 9 health regions 
in the state of Amazonas.

In this study, the variables of interest 
were the number of deaths from pulmo-
nary tuberculosis that occurred in each 
municipality in the state of Amazonas du-
ring the years 2007 to 2017, obtained by 
declaring deaths in the SIM of DATASUS, 
with the underlying cause being pulmo-
nary TB - International Classification of 
Diseases, 10th revision (ICD - 10). The 
mortality rate per 100.000 inhabitants 
was calculated, according to the ratio be-
tween the number of deaths and the resi-
dent population. The variables were also 
selected: sex; marital status; race/color; 
age; education and place of death.

After data collection, a database was 
created in Excel with all information on 
the study variables. The QGIs software 
was used to create a digital map with the 
segments of the municipalities in the state 

 

Figure 1 - Distribution of health municipalities and regions in the state of Amazonas.

Source: IBGE.
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of Amazonas, thus providing the shapefi-
le extension. The Excel spreadsheet was 
converted to CSV and exported to QGIs 
to be transformed into the attributes tab-
le. Subsequently, these data were trans-
formed into a shape to be worked on and 
analyzed in the R software, using the lan-
guage for statistical computing (version 
3.6.1) 14 in RStudio (version 1.1.463).

For data analysis, multiple linear re-
gression was used, the initial exploratory 
analysis comprised the estimate of the 
occurrence of deaths from pulmonary 
tuberculosis with sociodemographic 
variables. The Moran Global index was 
calculated and the Lagrange multiplier 
test was applied to verify the existence 
of spatial dependence. The research met 
and respected the guidelines of Reso-
lution 466/2012 of the National Health 
Council of the Ministry of Health 15, and 
it did not need approval from the Rese-
arch Ethics Committee, as the secondary 
data used in this study are in the public 
domain and there was no identification 
of the participants.

RESULTS

1.267 cases of deaths from pul-

monary TB were identified in the sta-
te of Amazonas. Figure 2 shows the 
mortality rate from pulmonary TB, 
according to the years 2007 to 2017. 
It can be seen that in the years 2007 
(2,6 cases per 100,000 inhabitants) to 
2009 (3,5 cases per 100.000 inhabi-
tants) there was a trend of increasing 
mortality rate, in 2010 (2,8 cases per 
100.000 inhabitants) there was a de-
cline, followed by a further increase 
in 2011 (3,1 cases per 100,000 inha-
bitants) with an increasing trend un-
til 2017 (4,2 cases for every 100.000 
inhabitants).

The municipalities that presented a 
higher proportion of deaths from pulmo-
nary TB in the period from 2007 to 2017, 
were: Manaus (59,52%); São Gabriel da 
Cachoeira (3%); Parintins (3%); Mana-
capuru (2,8%); Maués (2,4%); Tabatinga 
(2%); Itacoatiara (1,7%). All 62 munici-
palities in the state had cases of death, 
and some municipalities had a record of 
only one case, especially Anamã, Gua-
jará, Japurá, Jaruá, Maraã and Tonantis. 
The lethality for pulmonary TB in the sta-
te of Amazonas was 3,88 for every 100 
cases. 

Regarding the sociodemographic 
variables of individuals who died in the 
state of Amazonas, during the period 
from 2007 to 2017, it was found that 
the majority of deaths occurred in ma-
les (64,64%); singles (47,43%); as for 
age, the largest proportion had an age 
group ≥ 60 years (51,14%); the most fre-
quent race/color was brown (71,11%), 
followed by white (12,94%) and indi-
genous (9,94%). Regarding the educa-
tion variable, (25,8%) did not present 
information, followed by low education 
(23,6%). There was also a preponderan-
ce of deaths occurring in the hospital en-
vironment (84,21%).

In the spatial analysis, 1.267 ca-
ses of death were geocoded, accor-
ding to the period studied. Figure 3 
shows a map showing the distribution 
of the municipalities with the highest 
mortality rates, according to the co-

 

Figure 2 - Characterization of the pulmonary tuberculosis mortality rate in the state 
of Amazonas, 2007 to 2017.

Source: SIM and IBGE.

1.267 cases 
of deaths from 
pulmonary TB 
were identified 
in the state of 
Amazonas.
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lor gradients with darker tones, thus 
demonstrating a disparity in the spa-
tial distribution of deaths in the state 
of Amazonas. It is observed that the 
darkest areas of occurrence of deaths 
from pulmonary TB are concentrated 
in the municipalities of Manaus, São 
Gabriel da Cachoeira, Maués, Tabatin-
ga, Iranduba, Manacapuru, Itacoatiara, 
Tefé and Parintins.

Through the application of multiple 
linear regression, it was identified that 
there is collinearity between the inde-
pendent variables (sex; marital status; 
race/color; age; education). All assump-
tions were verified in the residues. The 
residues in function of the predicted 
values presented normal distribution 
and in function of the coovariables, it 
was observed that there is independence 
of the residues. 

The Moran Global index was calcu-
lated and according to the result obtai-
ned (0.0094), it was found that there is 
no spatial autocorrelation, as its value 
was low. To be sure of the lack of spatial 
dependence, the Lagrange multiplier test 
(LMlag = 0.0387 and p <0.8439) was 
applied, which confirmed that there is 

no spatial dependence, as the values of 
the test statistic were very low.

DISCUSSION

The mortality rates for pulmonary 
TB identified in this study were signifi-
cantly high in the state of Amazonas du-
ring the period from 2007 to 2017, with 
the finding that the city of Manaus had 
the highest proportion of deaths in the 
state. These data are worrying, knowing 
that pulmonary TB is a curable disea-
se and that treatment is offered free of 
charge by the Unified Health System-
-SUS. These results are discrepant when 
compared to other regions and states in 
Brazil, where mortality rates are relati-
vely lower. 16 

Studies report that TB is an infec-
tious disease transmissible through the 
airways that annually affects thousands 
of people. Multi-drug resistance and HIV 
co-infection make treatment even more 
difficult. Although this is offered free of 
charge by the Ministry of Health, there 
are still high rates of incidence, and pro-
gression to deaths from TB, these conse-
quences can be attributed to treatment 
abandonment or even inadequate adhe-
rence. 17

Brazilian states are markedly hetero-
geneous, both in terms of indicators of 
TB morbidity and mortality, as well as 
performance indicators for control ac-
tions, with states in the North and Nor-
theast regions having the worst rates in 
terms of disease burden and the perfor-
mance of control measures. 7 

Regarding the sociodemographic va-
riables analyzed, it was found that most 
cases of death were male, single, aged 
≥ 60 years. These results are consistent 
with the study conducted in Rio Grande 
Norte, which reports a higher proportion 
of deaths from pulmonary TB in men. 18 

As for age, they differ with the results of 
surveys conducted in the states of Minas 
Gerais 19, Mato Grosso do Sul 20 and Ce-
ará 21, who state that deaths occurred in 
greater numbers among people aged ≤ 

 

Figure 3 - Distribution of cases of deaths from pulmonary tuberculosis, by 
municipality of residence, Amazonas state, from 2007 to 2017.

Source: SIM-DATASUS.

Studies report 
that TB is an 

infectious disease 
transmissible 

through the airways 
that annually 

affects thousands of 
people. 
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52 years. The variable marital status, in 
turn, corroborates the results of the sur-
veys above, demonstrating the prevalen-
ce of singles. 19,20,21

With regard to race/color, the study 
showed that most cases (71,11%) were 
brown. This result is consistent with rese-
arch data in Maranhão (68,91%) 22 and 
in Mato Grosso do Sul (50,5%) 20 who 
demonstrated that the majority of deaths 
occurred in individuals of mixed race/
color. As for education, there was a pre-
dominance of low education, these re-
sults express similarity with studies that 
demonstrated the prevalence of illiteracy 
or low education as less privileged situ-
ations from the financial point of view, 
thus expressing risk factors for pulmo-
nary TB. 19,20,23

Another study also reports that low 
education, unemployment and income 
are individual factors associated with the 
increase in the incidence of TB and low 
adherence to treatment, which may be 
related to access to health services and 
the quality of diagnosis. People with less 
education and lower income are less li-
kely to realize that they are at risk and 
to comply with treatment, as they have 
inequality in individual access to infor-
mation, the benefits arising from know-
ledge, consumer goods and especially 
health services. 24

Regarding the local variable of death 
occurrence, referring to the operational 
profile, it was identified that the highest 
proportion of deaths occurred in the 
hospital environment. These findings can 
be corroborated with national studies 
carried out in the states in Rio Grande 
do Norte 18, Maranhão 22, Mato Grosso 
do Sul 23 and in the city of São Paulo 25, 
which presented records above 80% of 
deaths from pulmonary TB that occurred 
in the hospital.

Spatial analysis allowed to iden-
tify the distribution of cases of dea-
ths from pulmonary TB, being more 
frequent in certain municipalities in 
the state of Amazonas. Through the 
inspection of the spatial distribution 

map (Figure 3), spatial disparities 
were evidenced with a more intense 
distribution of deaths from pulmonary 
TB in the regions around Manaus; Rio 
Negro (west); Juruá River; in the re-
gions of the Middle and Lower Ama-
zonas and the Alto Solimões. These 
results are important to identify the 
pattern of distribution of this health 
problem to the population in the state 
of Amazonas.

It is noted that some of these regions, 
where mortality from pulmonary TB was 
higher, as in Rio Negro (western Amazo-
nas state), the Middle and Lower Ama-
zonas, coincide with the municipalities 
that present low social conditions with 
areas of high vulnerability such as the 
municipality of São Gabriel da Cacho-
eira. These data show that socioecono-
mic factors play an important role in the 
magnitude of TB.

The capital Manaus had an expres-
sively high proportion of deaths when 
compared to the other municipalities 
in the state of Amazonas, as a large part 
of the Amazonian population resides in 
Manaus and, knowing that this city had 
a large population increase in the last 
decade, due to the migratory process, 
mainly of indigenous people in search 
of better living conditions, consequently, 
this resulted in a greater concentration in 
the number of subnormal clusters. 

The behavior of TB, like that of other 
endemic diseases, is strongly influenced 
by the environment, making it possible 
to show that the association between 
TB and precarious socioeconomic con-
ditions dates back to the beginning of 
the epidemiology of this disease, thus, 
there is a need to study it and about it 
intervene, taking into account its spatial 
distribution. 26 Spatial analysis is relevant 
for investigating and understanding the 
occurrence and distribution of mortality 
in a city, as it is the environment where 
the infectious agent circulates that, un-
der specific conditions, causes the dise-
ase and even death as a result. 27

Studies show that the strategies for 
reaching the agreed global goals, it is 
necessary to systematically integrate a 
set of surveillance actions, which iden-
tify the main points between the process 
of capturing and notifying new cases of 
the disease. 8 Health information should 
aim to reduce uncertainties and identi-
fy priority situations in order to support 
adequate planning for the execution of 
actions that condition reality to the ne-
cessary transformations. 28

Spatial analysis 
allowed to identify 
the distribution of 
cases of deaths 
from pulmonary 
TB, being more 

frequent in certain 
municipalities 
in the state of 
Amazonas. 
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CONCLUSION

The spatial distribution of deaths 
from pulmonary tuberculosis occurred 
heterogeneously in different regions in 
the state of Amazonas, establishing con-
sistency with the population's socioeco-

nomic conditions. The present study pro-
vides information on high mortality rates 
during the period from 2007 to 2017, 
these findings demonstrate that pulmo-
nary TB is still a public health problem 
in the state of Amazonas and that new 
strategies are needed to face this disease. 

The results of the research may also con-
tribute to guiding managers and health 
professionals about the priority areas for 
the occurrence of pulmonary TB and in 
making decisions for the effectiveness 
of public policies and health promotion 
strategies. 
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