UNIVERSIDADE FEDERAL DE ALAGOAS - UFAL
CAMPUS ARAPIRACA
COMPLEXO DE CIENCIAS MEDICAS E DE ENFERMAGEM
MEDICINA - BACHARELADO

JOAO PAULO SILVA DE PAIVA

TIME TREND, SOCIAL VULNERABILITY, AND IDENTIFICATION OF RISK
AREAS FOR TUBERCULOSIS IN BRAZIL: AN ECOLOGICAL STUDY

ARAPIRACA
2021



Jodo Paulo Silva de Paiva

Time trend, social vulnerability, and identification of risk areas for tuberculosis in Brazil: an

ecological study

Trabalho de Conclusdo de Curso (TCC)
apresentado a Universidade Federal de Alagoas —
UFAL, Campus Arapiraca, como requisito para
obtencédo do grau de Bacharelado em Medicina.

Orientador: Prof. Dr. Carlos Dornels Freire de
Souza

Arapiraca
2021



Universidade Federal de Alagoas — UFAL
Biblioteca Campus Arapiraca - BCA
Bibliotecéario Responsavel: Nestor Antonio Alves Junior
CRB -4 /1557

P149t

Paiva, Jodo Paulo Silva de

Time trend, social vulnerability, and identification of risk areas for tuberculosis in

Brazil: an ecological study / Jodo Paulo Silva de Paiva. — Arapiraca, 2021.
40 f.: il

Trabalho de Conclusdo de Curso (Bacharelado em Medicina) - Universidade

Federal de Alagoas, Campus Arapiraca, Arapiraca, 2021.

Orientador: Prof. Dr. Carlos Dornels Freire de Souza

Referéncias: f. 38-40.

1. Epidemiologia. 2. Tuberculose. 3. Doencas negligenciadas. 4. Analise espaco-

temporal. 5. Mycobacterium. |. Souza, Carlos Dornels Freire de. Il. Titulo.

CDU 61




Jodo Paulo Silva de Paiva

Time trend, social vulnerability, and identification of risk areas for tuberculosis in Brazil: an

ecological study

Trabalho de Conclusdo de Curso - TCC
apresentado a Universidade Federal de Alagoas -
UFAL, Campus de Arapiraca como pré-requisito
para a obtencdo do grau de Bacharelado em
Medicina.

Data de Aprovacgdo:14/05/2021.

Banca Examinadora

I. m,-n.,.:-:#_-_._____f,;'_,., ", h

Prof. Dr. Carlos Dornels Freire de Souza
Universidade Federal de Alagoas — UFAL
Campus Arapiraca

(Orientador)

R e R $<;?¢m~'u-‘- Raclrip)

Prof.2 Dr.2 Amanda Karine Barros Ferreira Rodrigues
Universidade Federal de Alagoas — UFAL
Campus Arapiraca

(Examinadora)

A bt f e PO

Prof.2 Ma. Thais Silva Matos
Universidade de Pernambuco — UPE
(Examinadora)



ABSTRACT

Tuberculosis is one of the ten leading causes of death and the leading infectious cause
worldwide. The disease represents a challenge to health systems around the world. In 2018, it
is estimated that 10 million people were affected by tuberculosis, and approximately 1.5 million
people died due to the disease worldwide, including 251,000 patients coinfected with HIV. In
Brazil, the disease caused 4,490 deaths, with rate of 2.2 deaths per 100,000 inhabitants. The
objective of this study was to analyze the time behavior, spatial distribution, and the effects of
social vulnerability on the incidence of tuberculosis in Brazil during the period from 2001 to
2017. A spatial-temporal ecological study was conducted, including all new cases of
tuberculosis registered in Brazil during the period from 2001 to 2017. The following variables
were analyzed: incidence rate of tuberculosis, the Social Vulnerability Index, its subindices, its
16 indicators, and an additional 14 variables available on the Atlas of Social Vulnerability. The
statistical treatment of the data consisted of the following three stages: a) time trend analysis
with a joinpoint regression model; b) spatial analysis and identification of risk areas based on
smoothing of the incidence rate by local empirical Bayesian model, application of global and
local Moran statistics, and, finally, spatial-temporal scan statistics; and c) analysis of
association between the incidence rate and the indicators of social vulnerability. Brazil reduced
the incidence of tuberculosis from 42.8 per 100,000 to 35.2 per 100,000 between 2001 and
2017. Only the state of Minas Gerais showed an increasing trend, whereas nine other states
showed a stationary trend. A total of 787 Brazilian municipalities were classified as high
priority, and 22 high-risk spatial clusters were identified. The overall Social Vulnerability Index
and the subindices of Human Capital and Income and Work were associated with the incidence
of tuberculosis. It was also observed that the incidence rates were greater in municipalities with
greater social vulnerability. This study identified spatial clusters with high risk of tuberculosis
in Brazil. A significant association was observed between the incidence rate of tuberculosis and
the indices of social vulnerability.

Keywords: Spatial-temporal analysis; Epidemiology; Neglected diseases; Mycobacterium;
Tuberculosis.



RESUMO

A tuberculose € uma das dez principais causas de morte e a principal causa infecciosa em todo
o0 mundo. A doenca representa um desafio para os sistemas de saide em todo o mundo. Em
2018, estima-se que 10 milhdes de pessoas foram afetadas pela tuberculose e aproximadamente
1,5 milhdo de pessoas morreram devido a doenca em todo o mundo, incluindo 251.000
pacientes coinfectados com HIV. No Brasil, a doenc¢a causou 4.490 6bitos, com taxa de 2,2
Obitos por 100.000 habitantes. O objetivo deste estudo foi analisar o comportamento temporal,
a distribuicéo espacial e os efeitos da vulnerabilidade social sobre a incidéncia de tuberculose
no Brasil no periodo de 2001 a 2017. Foi realizado um estudo ecoldgico de cunho espaco-
temporal incluindo todos os casos novos de tuberculose registrados no Brasil no periodo de
2001 a 2017. Foram analisadas as seguintes variaveis: coeficiente de incidéncia de tuberculose,
indice de Vulnerabilidade Social, seus subindices, seus 16 indicadores e mais 14 variaveis
disponiveis no Atlas da Vulnerabilidade Social. O tratamento estatistico dos dados constou de
trés etapas: a) anélise de tendéncia temporal com modelo de regressao por pontos de inflexao
(joinpoint); b) analise espacial e identificacdo de areas de risco com base na suavizacdo do
coeficiente de incidéncia por modelo bayesiano empirico local, aplicacdo de estatisticas de
Moran globais e locais e, por fim, estatisticas de varredura espaco-temporal; e c) analise de
associacdo entre o coeficiente de incidéncia e os indicadores de vulnerabilidade social. O Brasil
reduziu a incidéncia de tuberculose de 42,8 por 100.000 para 35,2 por 100.000 entre 2001 e
2017. Apenas o estado de Minas Gerais apresentou tendéncia de aumento, enquanto outros nove
estados apresentaram tendéncia estacionaria. Um total de 787 municipios brasileiros foram
classificados como de alta prioridade, e 22 aglomerados espaciais de alto risco foram
identificados. O Indice de Vulnerabilidade Social geral e os subindices Capital Humano e
Renda e Trabalho estiveram associados a incidéncia de tuberculose. Observou-se também que
as taxas de incidéncia foram maiores nos municipios com maior vulnerabilidade social. Este
estudo identificou aglomerados espaciais de alto risco para tuberculose no Brasil. Observou-se
associacao significativa entre o coeficiente de incidéncia de tuberculose e os indices de
vulnerabilidade social.

Palavras-chave: Andlise espaco-temporal; Epidemiologia; Doencas negligenciadas;
Mycobacterium; Tuberculose.
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1 INTRODUCTION

Tuberculosis (TB) is an infectious-contagious disease caused by Mycobacterium
tuberculosis. TB is currently one of the ten leading causes of death and the leading infectious
cause worldwide, ranking higher than HIV (MATTEELLI et al., 2018; WHO, 2019). TB affects
both sexes and all age groups, although the male population over 15 years of age is at a higher
risk (WHO, 2019).

The disease currently represents a challenge to health systems around the world
(MATTEELLI et al., 2018; MERK; KODMON; WERF, 2019; WHO, 2019). In 2018 alone, it
is estimated that 10 million people were affected by TB (5.7 million men, 3.2 million women,
and 1.1 million children), and approximately 1.5 million people died due to TB worldwide,
including 251,000 patients coinfected with HIV. Furthermore, of the 10 million patients,
approximately 30% were not diagnosed and/or registered in official systems (WHO, 2019).

In 2018, in Brazil, 76,228 new cases of TB were notified, with an incidence of 36.6
cases per 100,000 inhabitants. Furthermore, the disease caused 4,490 deaths in Brazil, with a
rate of 2.2 deaths per 100,000 inhabitants. In this continent-sized country, the distribution of
TB follows a heterogeneous spatial pattern, with concentration in the axis that connects the
North, Northeast, and Southeast Regions of the country (BRASIL, 2019; SOUZA et al., 2019).

Concern regarding the incidence of TB led the World Health Organization (WHO) to
implement the End TB Strategy in 2014. The objective of the strategy is to reduce the number
of deaths due to TB by 95% and the incidence by 90% by 2035 (WHO, 2019). For the period
from 2016 to 2020, the WHO listed the following three groups of countries that are priority for
the development of plans and strategies: i) elevated magnitude of TB, ii) TB associated with
HIV, and iii) multidrug-resistant TB. With respect to Brazil, the country is part of two of these
groups, ranking twentieth in magnitude of the disease and nineteenth in TB-HIV coinfection
(BRASIL, 2017).

Due to Brazil’s situation within the global TB scenario, the Brazilian Ministry of Health
has designed the National Plan for the End of Tuberculosis, with two fundamental goals: 1) to
reduce the incidence rate to less than 10 cases per 100,000 inhabitants and ii) to reduce the
mortality rate of tuberculosis to less than 1 death per 100,000 inhabitants by the year 2035
(BRASIL, 2017).

In view of Brazil’s commitment to fight to end TB and the audacious goals to be met,
the monitoring of the disease incidence, the identification of risk areas, and the influence of

social dynamics are elements that can contribute to controlling TB in Brazil and serve as a



reference for other countries where the disease persists (BHATIA et al., 2019; MERK;
KODMON; WERF, 2019; WHO, 2019). The success of the global strategy to end TB depends
on vigorous research capable of providing support to the decision-making process on the part
of governments, in order to implement ambitious policies to fight the disease.

Based on this, the objective of this study was to analyze the time behavior, spatial
distribution, and the effects of social vulnerability on the incidence of TB in Brazil during the
period from 2001 to 2017.
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2 METHODS
2.1 ETHICAL ASPECTS

This study did not require approval from the research ethics committee, because it used
secondary data gathered from the public domain, where no individual patients are identifiable.

2.2 STUDY DESIGN

This is an ecological study including all new cases of TB registered in Brazil during the
period from 2001 to 2017.

2.3 STUDY AREA

Brazil is the fifth largest country by area in the world, with a territory of 8.5 million
km2, The country is divided into five major regions (North, Northeast, Central-West, Southeast,
and South), comprising 26 states and the Federal District (Figure 1). The Brazilian population
was estimated at 210 million inhabitants in 2018. The highest concentration is in the Southeast
Region, with a population of 80 million inhabitants occupying 10.8% of the territory. At the
other extreme, the North Region has approximately 16.3 million inhabitants in an area that
occupies 45.2% of the national territory (IBGE, 2018). In addition to its continental size, the
country is characterized by important socio-spatial inequalities. The Human Development
Index (HDI) of the Southeast, Central-West, and South Regions is considered high (0.766,
0.757, and 0.754, respectively), while the HDI of the North and Northeast is classified as
average (0.667 and 0.663, respectively) (PNUD, 2016).

Figure 1- Geographical location of the study area

Brazilian Regions N Brazilian States N
/

North region

region

400 0O 400 800 1200 1600 km 400 0 400 800 1200 1600 km

1880 0 1880 km

Source: the author (2021).
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2.4 DATA SOURCE

This study used the following databases.

2.4.1 NEW CASES OF TUBERCULOSIS

Data referring to new cases of TB were extracted from the Brazilian Notifiable Diseases
Information System (SINAN, acronym in Portuguese) (http://wwwz2.datasus.gov.br). SINAN
is a national coverage system that is responsible for the registration of all mandatory notification
diseases throughout the country (IPEA, 2015).

2.4.2 POPULATION DATA

The population data necessary for calculating the incidence rate were obtained from the
Brazilian Institute of Geography and Statistics, using the 2010 census and inter-census

projections for the other years (http://www.ibge.gov.br).

2.4.3 INCIDENCE RATE

The following equations were adopted (Board 1):

Board 1- Equations for calculating the tuberculosis incidence rates

a) Annual incidence rate

number of case registred as entry type 'new cases, unknown, and post-mortem' in the place and year
g Yy lyp p p Y
- (resident population in the place and year)

x 100,000

b) Average incidence rate of the period

(average cases registred as entry type 'new cases, unknown, and post — mortem’ in the place)
- (resident population in the middle of the period)

x 100,000

Source: the author (2021).

2.4.4 SOCIAL INDICATORS

Indicators of social vulnerability were obtained from the Social Vulnerability Atlas of
the Brazilian Institute of Applied Economic Research (http://ivs.ipea.gov.br). The Social
Vulnerability Index (SVI) was designed to indicate absent and/or insufficient living conditions
throughout the territory of Brazil. The SVI varies from 0 to 1; the closer to 1, the greater the

degree of social vulnerability. The classification is as follows: very low SVI (0 to 0.200), low
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SVI (0.201 to 0.300), medium SVI (0.301 to 0.400), high SVI (0.401 to 0.500), and very high
SV1 (0.501 a 1.000) (IPEA, 2015).

The SVI is composed of 16 indicators, which are grouped into three subindices, as
follows:

a) Urban Infrastructure (percentage of people in households with inadequate water
supply and sanitary sewage; percentage of the population residing in urban households without
trash collection service; percentage of people residing in households with per capita income
less than half the minimum wage of 2010 who spend more than one hour to reach their
workplace);

b) Human Capital (mortality up to 1 year of age; percentage of children between 0 and
5 years of age who do not attend school; percentage of children between 6 and 14 years of age
who do not attend school; percentage of girls between 10 and 17 years of age who have had
children; percentage of head-of-household mothers who have not completed primary school
and who have at least 1 child under 15 years of age; illiteracy rate in the population age 15 years
or over; percentage of children residing in households where none of the residents have
completed primary school; percentage of people from 15 to 24 years of age who do not study,
do not work, and have a per capita household income less than or equal to half the minimum
wage of 2010);

c) Income and Work (proportion of people with per capita household income less than
or equal to half the minimum wage of 2010; unemployment rate of the population age 18 years
or over; percentage of people age 18 years or older who have not completed primary schooling
and who are informally employed; percentage of people in households with per capita income
less than or equal to half the minimum wage of 2010 who are dependent on elderly individuals;
activity rate of children between 10 and 14 years of age) (IPEA, 2015).

In addition to these indicators, the following 14 variables available on the Social
Vulnerability Atlas were included in this study: illiteracy rate (18 years or older); income per
capita of people who are vulnerable to poverty; percentage of income from work; Gini index;
percentage of employees with a formal contract (18 years or older); percentage of employees
without a formal contract (18 years or older); percentage of public sector workers (18 years or
older); percentage of self-employed workers (18 years or older); percentage of employers (18
years or older); degree of formality of employed people (18 years or older); percentage of
employed people who have completed primary education (18 years or older); percentage of

employed people who have completed higher education (18 years or older); average income of



13

employed people (18 years or older); and percentage of employed people without income (18
years or older) (IPEA, 2015).

2.5 DATA ANALYSIS

The statistical treatment of the data consisted of the following three stages.

2.5.1 TIME TREND ANALYSIS

For time trend analysis, the joinpoint regression model was used. This model tests
whether a line with multiple segments is statistically better at describing the temporal evolution
of a dataset, in comparison with a straight line or a line with fewer segments (KIM et al., 2000).
In this manner, the model makes it possible to identify an indicator’s trend as stationary,
increasing, or decreasing, as well as the points where there are changes in this trend (joins); this
makes it possible to determine the annual percent change (APC) and the average annual percent
change (AAPC).

The following parameters were adopted: minimum of 0 joins; maximum of 3 joins, and
the model selection method was Monte Carlo permutation test with 4,499 permutations and
autocorrelation of errors based on the data. A 95% confidence interval (95% CI) and a
significance level of 5% were set. These analyses were carried out using the Joinpoint
Regression Program (version 4.5.0.1, National Cancer Institute, Bethesda, MD, USA).

2.5.2 SPATIAL ANALYSIS AND IDENTIFICATION OF RISK AREAS

This analysis was subdivided into the following three stages: i) smoothing by local
empirical Bayesian model, ii) global and local Moran statistics, and iii) spatial-temporal scan
statistics.

Initially, the incidence rate of TB was corrected with the aid of a local empirical
Bayesian model (CATELAN; LAGAZIO; BIGGERI, 2010). The objective of the modeling was
to identify a posteriori distribution (unobserved quantities of a determined phenomenon), based
on the application of Bayes’ theorem, involving sample data (likelihood function), and a set of
observed data (a priori distribution) (FREITAS; DUARTE; GARCIA, 2014). This correction
reduces random fluctuation caused by rare events, municipalities with small populations, and

underreporting of the disease.
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Having obtained the corrected coefficients, spatial autocorrelation was calculated using
the global Moran index. The index provides a general measure of spatial association, whose
expression for calculation considers an order 1 proximity matrix. The index ranges between —1
and +1. Values equal to zero indicate absence of spatial autocorrelation, and values close to +1
and —1 indicate the existence of positive and negative spatial autocorrelation, respectively
(DRUCK et al., 2004).

Once global dependence was established, the local Moran index (Local Index of Spatial
Association [LISA]) was calculated. Based on the LISA, municipalities were positioned in
quadrants of the Moran scatterplot as follows: Q1 (high-high), municipalities where the value
of the attribute and the average value of the neighbors are higher than the average of the set,
which are, thus, municipalities considered highest priority for intervention; Q2 (low-low),
where the value of the attribute and the average of the neighbors are lower the average of the
set; Q3 (high-low), where the value of the attribute is higher than that of the neighbors and the
average of the neighbors is lower than that of the set; and Q4 (low-high), where the value of the
attribute is lower than that of the neighbors and the average of the neighbors is higher than the
average of the set. The municipalities classified as high-low and low-high have intermediate
priority (DRUCK et al., 2004).

Spatial-temporal scan statistics were used to detect clusters of municipalities with high
risk of TB transmission. This statistical tool is based on the discrete Poisson probability model
and the test to identify clusters in the maximum likelihood method, whose alternative
hypothesis is that there is a higher risk inside the window than outside (KULLDORFF, 1997).
The scan statistic establishes a flexible circular window in the map, positioned on each of
several centroids, whose radius is established in 50% of the total population at risk, with a
maximum radius of 500 km. The flexibility of the window is justified by the fact that the size
of the clusters are not known a priori, given that the population at risk is not geographically
homogeneous. Monte Carlo simulations (adopting 999 permutations) were used to obtain p
values, and clusters with p value < 0.05 were considered significant. Subsequently, clusters
with two or fewer municipalities were excluded.

During this stage, the software Terra View (version 4.2.2, Brazilian Space Research
Institute, S&o José dos Campos, SP, Brazil), SatScan (version 9.1, National Cancer Institute,
Bethesda, MD, USA), and QGis (version 2.14.11 Open Source Geospatial Foundation,
Beaverton, OR, USA) were used.
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2.5.3 ANALYSIS OF ASSOCIATION BETWEEN THE INCIDENCE RATE AND THE
INDICATORS OF SOCIAL VULNERABILITY

Initially, bivariate spatial autocorrelation was used, with the TB incidence rate as the
dependent variable and the social indicators studied as independent variables, identifying the
global Moran index and the p value. Only variables with significant bivariate autocorrelation
(p < 0.05) were used in the regression models. In order to avoid multicollinearity between

variables, they were grouped into the following six blocks, according to specific themes:

Block 1- SVI;

Block 2- Subindices of the SVI;

Block 3- Urban Infrastructure variables of the SVI;
Block 4- Human Capital variables of the SVI;
Block 5- Income and Work variables of the SVI;

Block 6- Other indicators of social vulnerability.

For regression analysis, the decision model proposed by Luc Anselin was adopted
(ANSELIN; FLORAX, 1995). According to this model, an ordinary least squares model is
initially applied, followed by analysis of model residues by global Moran statistics. Once the
global spatial dependence of these residues is established, one of the following two spatial
regression models with global effects must be used: the spatial lag model (effects are noises
that need to be removed) or the spatial error model (attributes the ignored spatial autocorrelation
to the response variable Y). Robust Lagrange multiplier tests were used to determine which
model to use (ANSELIN, 2005). The quality of the model was assessed by observing the Akaike
(AIC), Schwarz Bayesian (BIC), R? log likelihood, and the Moran index statistic of the
residues. GeoDa software (version 1.10 Center for Spatial Data Science, Computation Institute,
University of Chicago, Chicago, IL, USA) was used for this stage.
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3 RESULTS
3.1 SOCIAL VULNERABILITY IN BRAZIL

According to the SVI, Brazil was classified as a country with medium vulnerability, on
both the overall index (SVI1 0.326) and the Income and Work (SVI 0.320) and Human Capital
(SVI 0.362) subindices. With respect to the Urban Infrastructure subindex, the country was
classified as low vulnerability (SVI 0.295). The North Region had the highest vulnerability on
the overall indicator (SVI 0.438) and on the Urban Infrastructure (SVI 0.419) and Human
Capital (SVI1 0.469) subindices, while the Northeast Region ranked highest on the Income and
Work subindex (SVI 0.466) (Figure 2).

In 35.58% (n = 1,980) of Brazilian municipalities, overall social vulnerability was high
or very high. It was also high or very high in 47.87% (n = 2,664) of municipalities on the Income
and Work subindex; in 15.99% (n = 890) on the Urban Infrastructure index; and in 51.52% (n
= 2,850) on the Human Capital subindex. The Income and Work and Human Capital subindices
were the ones with the highest number of municipalities with very high social vulnerability
(30.1% and 30.7%, respectively). The North and Northeast Regions showed more intense
contexts of social vulnerability than the other regions. Regarding the Urban Infrastructure
subindex, a concentration of municipalities with high and very high vulnerability was observed

in the North Region of the country (Figure 2).
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Figure 2- Exploratory analysis of the Social Vulnerability Index (SVI) in Brazil, 2010
(a) Overall SVI (b) SVI Income and Work

(c) SVI Urban Infrastructure

700 0 700 1400 2100 km

Legend

Bl Very Low (0 - 0.200)
Low (0.200 - 0.300)
Medium (0.300 - 0.400)
High (0.400 - 0.500)

Bl Very high (0.500 - 1.000)

Source: the author (2021).

3.2 TUBERCULOSIS: MAGNITUDE, TREND, AND SPATIAL RISK CLUSTERS IN
BRAZIL

Between 2001 and 2017, 1,243,629 new cases of TB were registered in Brazil, with an
incidence rate of 38.6 per 100,000. Throughout the time series, the regression model indicated
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a downward trend in the national rate (AAPC: —1.7; 95% CI: —2.0 to —1.4; p < 0.001), reducing
from 42.8 per 100,000 (n = 73,800) to 35.2 per 100,000 (n = 69,626), between 2001 and 2017

(Table 1).

Table 1- Trend of the incidence rate (100,000 inhabitants) of tuberculosis by Brazilian regions and

states, 2001-2017

) Incidence per 100,000 .
Region/State Period APC (95% CI) AAPC (95% CI)
2017 2001-2017
Brazil 42.8 35.2 38.6 2001-2017 =1.7* (-2.0; -1.4) =1.7* (-2.0; -1.4)
North 51.2 47.0 46.6 2001-2017 —0.8* (-1.2; -0.4) —0.8* (-1.2; -0.4)
Rondbnia 39.8 32.9 33.8 2001-2017 -0.9 (-1.8;0.1) -0.9(-1.8;0.1)
Acre 56.6 50.9 46.2 2001-2017 —0.6 (-1.8; 0.6) —0.6 (-1.8; 0.6)
2001-2006 —3.6* (-6.2; —1.0)
Amazonas 78.4 74.8 68.2 -0.3 (-1.2; 0.6)
2006-2017 1.3*(0.5; 2.1)
Roraima 38.8 37.1 33.7 2001-2017 —2.4* (-3.9; —0.8) —2.4* (-3.9; —0.8)
Par& 477 451 47.0 2001-2017 —1.0* (-1.5; —0.6) —1.0* (-1.5; —0.6)
] 2001-2015 —4.4* (-5.8; -3.1)
Amapa 38.9 31.1 33.9 -2.3(-5.7; 1.3)
2015-2017 14.2 (-15.8; 55.0)
Tocantins 22.6 10.1 15.0 2001-2017 —4.6* (-5.2; =3.9) —4.6* (-5.2; =3.9)
2001-2004 —0.1 (-4.3; 4.6)
Northeast 46.0 33.0 39.2 -2.3*(-3.1; -1.5)
2004-2017 —2.8* (—3.3; —2.4)
2001-2005 —0.5 (-3.5; 2.6)
Maranhdo 46.0 29.9 36.8 2005-2014 —5.6* (—6.6; —4.6) —2.6* (=3.7; -1.4)
2014-2017 4.2 (-0.7;9.3)
) 2001-2008 7.1(-0.7; 15.6)
Piaui 40.7 20.2 374 —4.5* (-8.3; —0.6)
2008-2017 -12.7* (-17.1; -8.0)
Ceara 47.0 37.1 42.7 2001-2017 —2.0* (-=2.5; -1.5) —2.0* (-2.5; -1.5)
Rio Grande
37.0 31.0 32.1 2001-2017 -2.1* (-2.8; -1.3) -2.1* (-2.8; -1.3)
do Norte
Paraiba 32.8 26.2 29.3 2001-2017 —1.5* (-2.2; -0.8) —1.5* (-2.2; -0.8)
2001-2004 4.1 (-0.6;9.0)
Pernambuco 47.6 49.1 48.7 2004-2007 —4.6 (-13.0; 4.7) 0.0(-1.7;1.7)
2007-2017 0.2 (-0.6;0.9)
Alagoas 39.9 29.7 35.9 2001-2017 —2.3* (-2.9; -1.7) —2.3*% (-2.9; -1.7)
Sergipe 23.9 29.5 27.4 2001-2017 0.5(-0.5; 1.5) 0.5 (-0.5; 1.5)
Bahia 55.4 28.3 39.3 2001-2017 —4.2* (—4.6; —3.7) —4.2* (—4.6; —3.7)
Southeast 444 391 41.4 2001-2017 ~1.4* (-1.8; -1.0) -1.4* (-1.8;-1.0)
] ) 2001-2003 80.2* (58.5; 105.0)
Minas Gerais 6.5 16.2 20.3 3.0* (1.5; 4.6)
2003-2017 —4.9* (-5.5; —4.3)
Espirito Santo ~ 42.3 275 35.2 2001-2010 -1.4(-2.8;0.1) —2.7*% (-3.8; -1.6)
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Janeiro

Sao Paulo

South

Parana
Santa

Catarina

Rio Grande
do Sul

Central-
West

Mato Grosso
do Sul

Mato Grosso

Goias

Federal
District

93.9

43.7

32.2

27.2

24.8

40.9

28.7

39.7

47.5

19.8

16.4

66.6

40.7

28.3

18.0

25.2

40.5

21.1

331

34.6

145

10.2

4.7

39.2

31.6

23.1

26.7

42.7

23.9

36.0

39.4

15.6

13.7

2010-2017
2001-2006
2006-2017
2001-2005
2005-2017
2001-2003
2003-2006
2006-2011
2011-2017
2001-2017
2001-2013
2013-2017
2001-2013
2003-2006
2006-2009
2009-2017
2001-2009
2009-2013
2013-2017

2001-2017

2001-2009
2009-2013
2013-2017
2001-2006
2006-2017

2001-2017

~4.3% (-6.4; 2.2)
~4.7% (-6.5; —2.9)
~1.6%(-2.2; -1.1)
~4.0% (-6.5; —1.5)

0.4 (-0.1;0.9)
4.8* (0.6; 9.0)

—5.1* (-8.8; ~1.3)

1.6* (0.3; 2.9)

—2.9% (-3.6; -2.3)
—2.8% (-3.1; —2.4)

0.6 (-0.2; 1.3)

2.8 (-6.6; 1.2)
6.5 (-5.4; 19.8)
—5.5(-16.1; 6.3)
5.6 (—6.1; 18.9)
~2.0% (-3.2; -0.7)
~3.1% (-3.9; -2.3)

2.8 (-1.1;6.9)

~4.3* (6.7, -1.9)
~1.2% (-1.8; -0.6)

~3.3* (-6.0; —0.6)
9.1 (-4.0; 23.9)
~8.7* (-15.8; —1.0)
~6.5% (-10.1; —2.7)
~0.6 (-1.8; 0.6)

-2.8% (-3.8; -1.7)

~2.6* (-3.2;

—0.7% (-1.4;

~1.0*% (-1.8;

—2.8% (-3.1;
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~2.0)

-0.1)

-0.2)

-2.4)

0.3 (-1.3;0.8)

-0.3 (-3.0;

—2.0* (-3.0;

~1.2% (-1.8;

~1.8 (-5.1;

—2.5* (-3.8;

—2.8* (-3.8;

2.6)

-0.9)

-0.6)

1.7)

-1.2)

-1.7)

Legend: *p < 0.05; APC: annual percent change; AAPC: average annual percent change; CI: confidence interval.
Minimum joins: 0; maximum joins: 3; model selection method: permutation test with 4,499 permutations.

Significance of 95%. Autocorrelation of errors based on the data.
Source: the author (2021).

The highest incidence rates of the period were observed in the North (46.9 per 100,000)

and in the Southeast (42.1 per 100,000). In terms of absolute number of new patients, the
Southeast (45.4%; n = 563,200) and the Northeast (28.0%; n = 346,745) Regions ranked
highest, accounting for more than two thirds of registrations. All five regions showed

decreasing trends. The Northeast Region stood out with the greatest percentage decrease
(AAPC: —2.3; 95% CI: —3.1 to —1.6; p < 0.001), whereas the North had the lowest decrease
(AAPC: —0.8; 95% CI: —1.2 to —0.5; p < 0.001). The incidence rate in the South Region showed
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the greatest instability, with four time trends, interspersing periods of increase and decline
(Table 1).

In terms of states, the highest rates were observed in Rio de Janeiro (74.7 per 100,000),
Amazonas (68.2 per 100,000), and Pernambuco (48.7 per 100,000). These states accounted for
25.07% (n = 311,660) of all cases registered during the period. The time trend was decreasing
in 16 states and in the Federal District, as follows: three in the North Region, seven in the
Northeast, three in the Southeast, one in the South, and three in the Central-West (two states
and the Federal District). Minas Gerais was the only state with an increasing trend throughout
the period studied (APC: 3.0%; 95% CI: 1.5 to 4.6). The remaining states showed a stationary
pattern (Table 1).

Regarding municipalities, 22.6% (n = 1,261) registered fewer than 10 cases of TB
during the period studied, and only 5.6% (n = 311) registered fewer than 500 cases. The Moran
statistics showed spatial dependence in both the crude rates (I 0.344; p = 0.01) and the rates
smoothed by the local empirical Bayesian model (1 0.511; p = 0.01). Regarding the crude rates,
21.85% (n = 1,216) of municipalities showed incidence rates of < 10.0 per 100,000, and 9.18%
(n =511) showed rates above 40.0 per 100,000. After smoothing, a reduction was observed in
the proportion of municipalities with incidence rates of < 10.0 per 100,000, which changed to
5.48% (n = 305). On the Moran map, 14.14% (n = 787) of municipalities were located in the
Q1 quadrant of the Moran scatterplot (high-high) and were considered priority for intervention,
as follows: 326 in the Northeast, 113 in the North, 55 in the Central-West, 208 in the Southeast,
and 85 in the South (Figure 3).
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Figure 3- Spatial distribution of incidence rates of tuberculosis in Brazil, crude and smoothed by the
local empirical Bayesian model, and Moran Map, 2001-2017

(a) Number of new cases of tuberculosis (b) Crude incidence rate per 100,000 inhabitants

Moran I 0.311
p=10.01

(¢) Corrected incidence rate per 100,000 inhabitants (d) Moran map

Moran [ 0.511

p=0.01
600 0 600 1200 1800 km
(a) (b and ¢) (d)
<11 cases 1 0to10.0 | Not significant
[ 111 to 50 cases | 10.1 t0 20.0 Bl QI -High-High
B 51 to 500 cases 1 20.1t030.0 _ 1 Q2-Low-Low
Bl - 500 cases BN 30.1t040.0 1 Q3-High-Low

H +40 1 Q4-Low-High

Source: the author (2021).

The spatial-temporal scan statistics identified 22 spatial clusters with high risk of
transmission of TB in Brazil, involving 561 municipalities. Fifteen clusters were located in the
Northeast and Southeast Regions, with six in the state of Sdo Paulo. Clusters 9, 11, and 7,
located in Sdo Paulo, showed the highest relative risks (RR 6.49; RR 4.70, and RR 3.76,
respectively). Cluster 8 concentrated the highest number of locations, namely, 162
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municipalities in the states of Sdo Paulo, Santa Catarina, and Parand, with an incidence rate of
55.6 per 100,000 and RR 1.21. In the Northeast, cluster 10 stood out, with 117 municipalities
in the states of Maranhao and Piaui, with an incidence rate of 60.3 per 100,000 and RR 1.31
(Table 2 and Figure 4).

Figure 4- Spatial-temporal scan statistics of cases of tuberculosis. Brazil, 2001-2017
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Source: the author (2021).



Table 2- Temporal-spatial clusters of tuberculosis. Brazil, 2001-2017
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) ) Radius Number of Number Rate per Relative
Cluster  Period Region o ) p value
(km)  municipalities of cases 100,000 risk

2001- ) )

1 Rio de Janeiro 64.88 25 108,696 117.7 2.68 <0.001
2008
2008- Rio Grande do

2 64.82 22 27,790 120.5 2.65 <0.001
2015 Sul
2010-

3 Pernambuco 27.90 10 29,124 104.6 2.30 <0.001
2017
2001-

4 Bahia 30.81 6 24,580 1104 2.42 <0.001
2008
2010-

5 Para 28.34 6 18,257 104.7 2.29 <0.001
2017
2003-

6 Ceara 22.71 6 21,016 86.1 1.88 <0.001
2010
2010-

7 Sao Paulo 48.66 25 3,989 173.0 3.76 <0.001
2017

Sdo

2001-

8 2008 Paulo/Parand/Sa  215.65 162 107,675 55.6 1.22 <0.001

nta Catarina

2010-

9 Séo Paulo 15.80 4 906 6.49 6.49 <0.001
2017
2001-

10 Maranhéo 198.75 117 21,952 60.3 1.31 <0.001
2008
2010-

11 Sé&o Paulo 26.52 4 454 96.58 4.70 <0.001

2017
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12

13

14

15

16

17

18

19

20

21

22

2002-
2009

2011-
2017

2008-
2014

2012-
2017

2001-
2008

2006-
2009

2001-
2008

2003-
2004

2013-
2017

2001-
2005

2006-
2006

Minas
Gerais/Bahia/

Espirito Santo

Acre

Santa Catarina

Sao Paulo

Mato Grosso do
Sul

Piaui

Pard/Amazonas/

Mato Grosso

Minas Gerais

Sao Paulo

Rondo6nia

Piaui

110.66

131.10

89.73

37.74

154.91

65.41

237.06

55.08

35.33

107.04

93.65

39

49

12

10

25

10

4,302

2,179

7,677

756

1,560

805

1,060

142

1,452

302

126

62.8

69.5

56.4

88.8

71.1

83.4

70.1

113.2

57.7

75.4

90.5

1.37

151

1.23

1.93

1.54

1.81

1.52

2.46

1.25

1.64

1.96

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Source: the author (2021).



25

3.3 ASSOCIATION BETWEEN SOCIAL VULNERABILITY AND THE INCIDENCE
OF TUBERCULOSIS IN BRAZIL

Only the variable “percentage of people age 18 years or older who have not completed
primary schooling and who are informally employed” did not show bivariate spatial correlation
and was excluded from the regression model. In analysis of the six blocks of variables, there
was spatial dependence of the residues of the ordinary least squares model, and the Lagrange
multiplier tests indicated spatial lag as the spatial model to be applied. The overall SVI and the
Human Capital and Income and Work subindices were associated with the incidence of
tuberculosis. In the disaggregate analysis of variables, association was observed with one
variable from the Urban Infrastructure subindex (percentage of people residing in households
with per capita income less than half the minimum wage of 2010 who spend more than one
hour to reach their workplace), six from the Human Capital subindex (percentage of children
between 6 and 14 years of age who do not attend school; percentage of girls between 10 and 17
years of age who have had children; percentage of head-of-household mothers who have not
completed primary school and who have at least 1 child under 15 years of age; illiteracy rate in
the population age 15 years or over; percentage of children residing in households where none
of the residents have completed primary school; and percentage of people from 15 to 24 years
of age who do not study, do not work, and have a per capita household income less than or
equal to half the minimum wage of 2010), three variables from the Income and Work subindex
(proportion of people with per capita household income less than or equal to half the minimum
wage of 2010; unemployment rate of the population age 18 years or over; and percentage of
people in households with per capita income less than or equal to half the minimum wage of
2010 who are dependent on elderly individuals), and six additional variables that also express
vulnerability, but that were not contemplated in the SVI (illiteracy rate [18 years of age or
older]; income per capita of people who are vulnerable to poverty; percentage of income from
work; percentage of employers [18 years of age or older]; percentage of employed people who
have completed higher education [18 years of age or older]; and average income of employed

people [18 years of age or older]) (Table 3).
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Table 3- Bivariate spatial autocorrelation and classical and spatial regression models of factors
associated with the incidence rate of tuberculosis, corrected by the local empirical Bayesian model,
Brazil, 2001-2017

Bivariate spatial

autocorrelation

Indicators of social vulnerability

Classical and spatial regression models

p Ordinary least squares Spatial lag model
I Moran
value Rate p value Rate p value

Block 1- Social Vulnerability Index
Constant - - 20.401 <0.001 4.141 <0.001
Social Vulnerability Index 0.1572  0.001 25.362 <0.001 4.946 0.006
Block 2- Subindices of the Social
Vulnerability Index
Constant - - 21.786 <0.001 5.058 <0.001
SVI Urban Infrastructure 0.0074 0.045 —0013 0.890 —0.004 0.591
SVI Human Capital 0.1374 0.001  40.111 <0.001 10.182 0.001
SVI Income and Work 0.0838 0.001 -23.104 <0.001 —8.636 0.001
Block 3- Variables of SVI Urban
Infrastructure
Constant - - 23.411 <0.001 4.082 <0.001
% of people in households with
inadequate water supply and sanitary 0.1245 0.001 0.098 <0.001 —-0.026 0.187
sewage
% of the population residing in urban
households without trash collection 0.0990 0.001  0.0883 <0.001 0.013 0.575
service
% of people residing in households
with per capita income less than half
the minimum wage of 2010 who spend  0.1337  0.001 0.718 <0.001 0.363 <0.01
more than one hour to reach their
workplace
Block 4- Variables of SVI Human
Capital
Constant - - 30.524 <0.001 8.574 <0.001
Mortality up to 1 year of age 0.1224 0.001  0.4060 <0.001 0.0842 0.165
% of children between 0 and 5 years of
age who do not attend school -0.0472 0.001 —0.103 <0.001 —0.017 0.446
% of children between 6 and 14 years

0.1257 0.001 0.945 <0.001 0.342 <0.001

of age who do not attend school




27

% percentage of girls between 10 and
17 years of age who have had children
% of head-of-household mothers who
have not completed primary school
and who have at least 1 child under 15
years of age

Illiteracy rate in the population age 15
years or over

% of children residing in households
where none of the residents have
completed primary school

% percentage of people from 15 to 24
years of age who do not study, do not
work, and have a per capita household
income less than or equal to half the

minimum wage of 2010

Block 5- Variables of SVI Income
and Work

Constant

Proportion of people with per capita
household income less than or equal to
half the minimum wage of 2010
Unemployment rate of the population
age 18 years or over

% of people age 18 years or older who
have not completed primary schooling
and who are informally employed

% of people in households with per
capita income less than or equal to half
the minimum wage of 2010 who are
dependent on elderly individuals
Activity rate of children between 10

and 14 years of age

Block 6- Other indicators of social
vulnerability
Constant

Illiteracy rate (18 years or older)

0.1210  0.001
0.1296  0.001
0.0674  0.001
0.0269  0.001
0.1372  0.001
0.1139  0.001
0.2158  0.001

—0.0021 0.2630

0.1086 0.001
—0.1482 0.001
0.0674  0.001

0.763

0.215

—-0.411

—0.332

0.506

38.985

0.279

1.007

0.289

—0.197

47.562
1.645

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.187

<0.001

0.003
0.004

0.332

0.082

—0.161

—-0.172

0.227

12.845

0.086

0.561

0.190

—0.055

19.292
1.319

0.016

0.005

0.004

<0.001

<0.001

<0.001

0.002

<0.001

<0.001

0.097

0.165
0.007
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Income per capita of people who are

—-0.1052
vulnerable to poverty
% of income from work —0.0346
Gini index 0.1068
% of employees with a formal contract
0.0446
(18 years or older)
% of employees without a formal
0.0283
contract (18 years or older)
% of public sector workers (18 years
—-0.6841
or older)
% of self-employed workers (18 years
Pioy 18y —0.0562
or older)
% of employers (18 years or older) -0.0411
Degree of formality of employed
J Y ploy -0.011

people (18 years or older)

% of employed people who have

completed primary education (18 years  0.0545
or older)

% of employed people who have

completed higher education (18 years  —0.0221
or older)

Average income of employed people

(18 years or older) o197
% percentage of employed people

) ) -0.0134
without income (18 years or older)

0.001

0.001
0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

—0.289

—0.224
16.765

0.458

0.128

0.231

0.138

—0.687

—0.229

0.460

—1.511

0.006

—0.343

<0.001

<0.001
0.025

0.004

0.352

0.181

0.341

0.052

<0.001

<0.001

<0.001

0.009

0.013

—0.133

—0.124
4.135

0.143

0.118

0.151

0.015

—0.668

—0.065

0.143

—0.884

0.005

—-0.151

<0.001

0.002
0.514

0.286

0.313

0.302

0.897

0.026

0.208

0.102

<0.001

0.010

0.197

Source: the author (2021).

3.4 EFFECTS OF SOCIAL VULNERABILITY ON THE INCIDENCE TREND OF

TUBERCULOSIS IN BRAZIL

Incidence rates were higher in municipalities with greater social vulnerability. The

incidence rate was 49.2% higher in municipalities with very high overall SVI when compared
to the group with very low SVI (29.32 per 100,000 and 19.64 per 100,000, respectively). On
the Urban Infrastructure subindex, this percentage was 37.2% (31.02 per 100,000 where SVI

was very high and 22.60 per 100,000 where SVI was very low); on Income and Work, it was
17.1% (28.16 per 100,000 and 24.04 per 100,000, respectively), and, on Human Capital, it was

74.2% (29.22 per 100,000 and 16.77 per 100,000, respectively) (Table 4).

Only the municipalities classified as very low vulnerability on the Human Capital

subindex showed an increasing trend in incidence throughout the time series (APC 1.4%). A
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decreasing trend was observed in municipalities with very high and high social vulnerability
for Overall and Income and Work subindex and in low SVI Urban Infrastructure. In groups of
municipalities with very high vulnerability, a decreasing trend was found in incidence until the
year 2015, when there was an interruption in this trend. For all the strata of social vulnerability,
the incidence rates in 2016 and 2017 were greater than those observed in 2015 (Table 4 and
Table 5).

Table 4- Analysis of the incidence trend of tuberculosis per 100,000 inhabitants by Social
Vulnerability Index (SVI) classification. Brazil, 2001-2017

Number of Incidence per ) o
Overall SVI o Period APC (95% CI) Classification
municipalities 100,000
Very low 627 19.64 2001-2017 -0.01 -0.9; 0.7 Stationary
Low 1,699 24.03 2001-2017 -0.3 -1.0; 04 Stationary
2001-2003 135 3.1;25.0 Increasing
. 2003-2015 -2.8 —2.8;-22 Decreasing
Medium 1,258 27.48 .
2015-2017 4.9 4.9;,-4.7 Stationary
2001-2017 4.9 —4.7;15.5 Stationary
2001-2003 13.3 0.1; 28.2 Increasing
High 1,178 29.29 2003-2017 -3.4 -3.4;-39 Decreasing
2001-2017 -14 -1.4;-29 Decreasing
2001-2005 4.3 -0.1;9.0 Stationary
] 2005-2015 -5.1 -5.1; -3.9 Decreasing
Very high 802 29.32 )
2015-2017 4.2 4.2;,-9.2 Stationary
2001-2017 -1.7 -1.7;-35 Decreasing
SVI Urban Number of Incidence per ) o
o Period APC (95% CI)  Classification
Infrastructure municipalities 100,000
2001-2003 135 7.8;19.5 Increasing
2003-2015 —2.7 -3.0; 2.3 Decreasing
Very low 2,815 22.60 .
2015-2017 4.7 —-0.6; 10.3 Stationary
2001-2017 0.1 -0.7; 1.0 Stationary
2001-2003 10.0 —2.2;23.7 Stationary
Low 1,100 28.10 2003-2017 -2.3 -2.3;,-28 Decreasing
2001-2017 -0.8 -0.8; —2.2 Decreasing
2001-2003 121 —2.2; 28.6 Stationary
Medium 758 28.87 2003-2017 -25 -3.1;-19 Decreasing
2001-2017 -0.8 -2.4;0.9 Stationary
2001-2003 8.0 -1.2;18.2 Stationary
. 2003-2015 -1.8 -2.4;-13 Decreasing
High 518 34.24 .
2015-2017 6.1 6.1; -3.0 Stationary

2001-2017 0.3 -1.1;18 Stationary
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2001-2003 16.8 2.6;32.9 Increasing
] 2003-2015 —4.3 -5.1;,-34 Decreasing
Very high 372 31.02 .
2015-2017 4.8 =7.9;19.3 Stationary
2001-2017 -0.7 -2.8;13 Stationary
SVI Income Number of Incidence per . o
o Period APC (95% CI)  Classification
and Work municipalities 100,000
Very low 335 24.04 2001-2017 -0.4 -1.0;0.2 Stationary
Low 1,317 25.56 2001-2017 0.1 —-0.6; 0.8 Stationary
2001-2003 11.1 2.8; 26.8 Increasing
Medium 1,248 2451 2003-2017 -1.2 -1.9; -0.6 Decreasing
2001-2017 0.2 -14;1.8 Stationary
2001-2003 144 —2.4;34.0 Stationary
High 987 26.54 2003-2017 -3.3 —4.0; -2.5 Decreasing
2001-2017 -1.2 -1.2;-3.0 Decreasing
2001-2004 7.4 1.5;135 Increasing
] 2004-2015 —4.7 —5.5;-3.8 Decreasing
Very high 1,677 28.16 )
2015-2017 15 -9.2; 135 Stationary
2001-2017 -1.8 -1.8; -3.3 Decreasing
SVI Human Number of Incidence per ) o
) o Period APC (95% CI)  Classification
Capital municipalities 100,000
Very low 125 16.77 2001-2017 14 0.1;2.7 Increasing
Low 1,137 23.20 2001-2017 04 -0.3;1.2 Stationary
2001-2003 10.0 1.0; 19.7 Increasing
Medium 1,452 25.64 2003-2017 -1.2 -1.2;-16 Decreasing
2001-2017 0.2 -0.9;1.2 Stationary
2001-2003 14.7 -1.8;34.0 Stationary
High 1,139 26.37 2003-2017 -3.3 —4.0; —2.6 Decreasing
2001-2017 -3.0 -3.0; 0.6 Stationary
2001-2003 125 2.0;24.1 Increasing
] 2003-2015 -4.1 -4.7;-35 Decreasing
Very high 1,711 29.22 )
2015- 2017 0.9 -8.5;11.3 Stationary
2001-2017 -1.5 -3.1;0.1 Stationary

Legend: APC- Annual Percent Change; Cl: Confidence interval.

Source: the author (2021).
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Table 5- Incidence rate of tuberculosis per 100,000 inhabitants by Social Vulnerability Index (SVI1) classification

and subindices. Brazil, 2001-2017

Level of
social 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
vulnerability
Overall SVI
Verylow  16.61 21.29 21.67 20.60 1892 19.00 20.48 20.96 19.27 19.43 20.49 1942 1870 18.22 17.76 18.94 22.10
Low 20.11 26.83 26.72 25.09 25.11 2499 2431 2397 23.58 23.87 2359 23.03 23.71 23.41 22.00 23.35 24.86
Medium 2491 30.37 3148 31.91 30.38 31.84 29.65 28.15 26.85 26.56 27.29 2570 25.71 23.60 22.72 24.01 2594
High 27.89 3395 3522 35.09 3579 34.34 31.05 29.60 29.89 28.37 29.40 27.75 24.92 23.58 23.55 23.80 23.76
Very high  30.01 33.65 35.99 34.33 36.75 34.68 33.64 30.83 31.84 26.95 28.39 2540 24.69 2290 22.00 22.24 24.17
SVI Urban
Infrastructure
Verylow 20.01 25.60 26.55 25.86 25.24 24.67 23.80 23.33 22.31 21.78 22.49 21.03 20.77 20.12 19.16 20.19 21.34
Low 26.02 3246 3215 31.72 31.71 3151 29.37 28.12 28.65 27.34 28.02 27.11 26.04 24.20 23.39 24.09 25.79
Medium  26.46 32.23 33.08 31.70 32.66 33.81 31.63 29.82 29.28 28.45 28.48 27.78 26.67 25.28 22.76 25.25 25.48
High 3246 36.27 37.67 36.56 37.56 36.18 36.02 34.34 34.52 34.16 34.79 31.88 31.81 29.76 31.66 31.10 35.29
Very high  29.50 35.24 38.25 37.26 38.15 38.15 35.03 31.87 32.93 28.26 29.32 27.10 25.98 24.57 2455 2419 26.91
SVI Human
Capital
Verylow 1197 16.20 16.06 16.69 14.77 15.75 15.90 16.32 18.05 17.76 20.72 20.38 15.98 15.96 15.44 1556 21.62
Low 18.63 2451 24.67 2290 22.06 23.34 2426 23.73 23.12 2327 23.77 22.75 22.80 22.46 21.60 24.00 26.48
Medium 2196 28.27 2831 27.72 27.04 2755 26.18 25.88 24.97 25.67 25.12 2456 24.99 24.14 23.84 24.04 25.59
High 2396 31.12 31.36 31.61 32.60 31.05 28.32 27.03 26.41 24.73 26.16 23.64 23.73 21.73 20.35 21.82 22.73
Very high  29.80 33.75 36.27 35.17 35.69 34.38 32.24 30.10 30.27 27.51 2851 26.71 24.69 23.19 2232 22.58 23.52
SVI Income
and Work
Verylow 2241 26.76 26.64 25.67 23.63 22.89 23.84 25.05 23.09 23.38 24.75 23.66 24.16 23.08 22.01 22.44 25.27
Low 21.08 2754 27.12 2573 2541 26.13 26.90 26.30 25.11 25.74 2551 25.77 2495 2439 23.77 25.11 27.90
Medium 20.83 26.60 27.71 27.13 26.12 26.09 24.68 24.15 24.37 24.31 24.88 2257 23.73 23.48 21.86 23.08 25.15
High 2438 30.83 32.32 3141 3290 31.63 28.05 26.84 26.22 24.78 25.77 24.24 2453 22.00 20.47 2238 22.46
Very high  28.33 32.96 3448 34.11 3454 33.89 31.66 29.35 29.55 26.63 27.61 2548 23.08 2155 21.65 21.56 22.26

Source: the author (2021).
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4 DISCUSSION

In spite of all the global efforts in the fight against TB and the successive plans to
eliminate the disease, it still represents one of the most important challenges for public health,
especially in low- and middle-income countries. In these places, the disease burden is elevated,
and the reduction in incidence and mortality tends to occur more slowly (MATTEELLI et al.,
2018; WHO, 2019).

Although Brazil has played a prominent role in the global fight against TB (MACIEL,
2016), the national scenario is still not favorable to the fulfillment of the goals put forth in the
global strategy and the national plan for ending TB. This is evidenced by the slow annual
reduction in incidence rate observed in this study (-1.7%) and by the increase in the rate in 2016
and 2017, which suggests a possible reversal of this trend in the coming years. This scenario
suggests that reaching the goals for 2035 will demand intense effort on the part of Brazil.

In the same manner, the world is not on the right track to reach the agreed milestones
(20% by 2020, 50% by 2025, 80% by 2030, and 90% by 2035) for the incidence rate of TB.
Even with worldwide effort, the current speed of reduction in the global incidence is insufficient
to meet the goals for eliminating TB. Globally speaking, the average rate of decline in the
incidence rate of TB was 1.6% per year during the period from 2000 to 2018 and 2.0% between
2017 and 2018 (NERY et al., 2014). The accumulated reduction between 2015 and 2018 was
merely 6.3%. The global reduction in the total number of deaths due to TB between 2015 and
2018 was 11%, also less than one third of the way toward the end of TB (NERY et al., 2014).
Only the WHO region of Europe and seven countries (Kenya, Lesotho, Myanmar, the Russian
Federation, South Africa, the United Republic of Tanzania, and Zimbabwe) of the 48 with a
high burden of TB will reach their goals for the year 2020 (NERY et al., 2014).

The 2019 global tuberculosis report indicates budgetary and technical difficulties in the
current scenario, with a gap of more than four billion dollars for diagnosis, treatment,
prevention, and research (WHO, 2019). Nevertheless, it has already been observed that, for
every dollar spent on reducing mortality due to TB, there is a return of up to 43 dollars; this
demonstrates that, in addition to being necessary for public health and for reducing inequity,
funds directed to the elimination of TB are also a sound investment (THE ECONOMICS...,
2015).

In Brazil, the challenges imposed on TB control are even greater, given that they involve
a wide and complex spectrum of social determinants of health (MACIEL, 2016). In a continent-

sized country, regional socioeconomic inequalities and different contexts of social vulnerability
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experienced by the population result in a heterogeneous temporal and spatial pattern of TB,
with high-risk spatial clusters. It is, thus, not likely that a generic set of actions would have a
favorable impact of the same intensity in all regions of the country. In the North, for example,
which had the highest incidence rate and a shy percentage drop of 0.8% per year, social
vulnerability is more intense than in the other regions, especially with regard to urban
infrastructure and human capital, as observed in this study, in the distribution of the SVI, and
in another Brazilian study (VIANA et al., 2007).

The municipalities with greater SVI showed higher incidence rates, with the following
two subindices standing out: i) Human Capital and ii) Income and Work. While Human Capital
involves health conditions and access to education (two important social determinants of TB),
the Income and Work subindex expresses the degree of income insufficiency and factors
associated families’ income security, such as adult unemployment, informal employment,
family dependency, and child labor (IPEA, 2015).

Low level of schooling and low income are factors that have multiple effects on the
transmission dynamic of TB (HARLING; CASTRO, 2014). The sociodemographic profile of
poverty, which has already been associated with this disease (PEDRO; OLIVEIRA, 2013),
limits access to food and the adoption of healthy habits. From the biological point of view, it
makes access to quality food difficult, which results in compromised immune status, making
individuals more susceptible to illness. This relationship is, nonetheless, bidirectional, given
that the clinical condition of TB also results in secondary malnutrition (FRAZAO et al., 2017;
FREDIANI et al., 2016). People with moderate to intense malnutrition (BMI < 17.0 kg/m?) are
approximately 1.8 more likely to die early (during the first four weeks of diagnosis) than people
with BMI > 17.0 kg/m? (ZACHARIAH et al., 2002). It is worth underscoring that people
experiencing homelessness, people living with HIV, and people deprived of their liberty have
malnutrition as part of their general condition, and these population groups are 56, 25, and 28
times more likely to develop the active form of TB, respectively (BRASIL, [s.d.]).

Low level of schooling and exposure to poverty are factors that complicate access to
services for diagnosis and treatment of the disease (SOUZA et al., 2015; TRAVASSQOS;
OLIVEIRA; VIACAVA, 2006; VIEGAS; CARMO; LUZ, 2015). If, on one hand, exposure to
social vulnerability keeps the transmission chain active in the community, it can, on the other
hand, prevent patients with the disease from being diagnosed. Accordingly, we argue that social
vulnerability both elevates the risk of illness and places subjects who are ill in a situation of

invisibility to health services.
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Public policies that guarantee better social conditions, such as increased income for
those who are most vulnerable to poverty, a higher proportion of income from work, and a
higher degree of formalization in the labor market, as we have found in this study, can
contribute to the interruption of TB transmission. In Brazil, income transfer policies, such as
Bolsa Familia, can have favorable impacts on the process of fighting TB. We strongly
recommend investigations into the effects of these policies.

For this reason, public policies must simultaneously act on social vulnerability and
guarantee a universal, free, and quality health system. There are diverse benefits of
strengthening public health and national programs dedicated to ending TB, whose activities
should include the diagnosis and treatment of the disease, with inclusion of all affected
individuals. Of the estimated 10 million cases in 2018, only 70% were detected and treated by
health systems and recorded in official information systems. Brazil is not part of the list of
countries with the largest gap, and, together with China, Russia, and Zimbabwe, Brazil achieved
a treatment coverage rate of over 80% (WHO, 2019). It is likely that these good results are due
to the availability of free and universal health care to the Brazilian population through the
Unified Health System (SUS, acronym in Portuguese).

In Brazil, the expansion of the primary care network in the setting of the SUS stands out
as one of the most relevant aspects that place the country in a prominent position in the global
fight against TB. Since 2000, the population coverage by the Family Health Strategy and Basic
Care teams has increased, reaching 59.9% and 63%, respectively, in 2015. The performance of
the Family Health Strategy stands out mainly in the Northeast, where it has reached 76%
coverage, and it has been growing in the Southeast, where it reached 49.2%, in 2015. This
expansion broadened the population’s access, especially among those with lower levels of
income and schooling (CARVALHO et al., 2016). In addition to making access to diagnosis
and medications universal, the following stand out: directly observed treatment,
decentralization of reference units, introduction and updating of the rapid molecular test, tests
for HIV at the time of diagnosis, active search for contacts, and treatment of latent TB in
populations at risk.

Nevertheless, there are still many weak points in this system, such as inequality in the
quality and flow of services in Brazilian municipalities and the low degree of access of
populations who have to travel to large centers to receive diagnosis, due to the slow and
complex process of decentralizing the health network. Among indicators of successful
treatment, the cure rates (71% of new and retracted cases; 51% of cases of TB-HIV coinfection;

61% of multidrug-resistant cases, and 41% of extensively resistant cases) are far below the goal
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of greater than or equal to 90% (WHO, 2019), which reveals a major problem and concern,
given that there is an increasing tendency toward the emergence of resistant cases.

It is already known that, in order to eliminate this disease, it is necessary for there to be
treatment coverage of at least 90% of the latent form, with contact testing and the use of rapid
tests at the same proportion (DYE et al., 2013). In conjunction with this, prevention is a
fundamental strategy for the elimination of TB. Without preventing the reactivation of latent
TB and without the existence of a pre- and post-exposure vaccine, it will be difficult to reach
global objectives (BARREIRA, 2018).

With respect to the diagnostic tests proposed by the WHO, in Brazil, only 135
municipalities (with 237 pieces of equipment) conduct the rapid molecular test for tuberculosis
(RMT-TB). The use of this tool is essential to diagnosis, due to its short time to results, in
conjunction with information regarding whether or not the case is resistant to the main drug
used in the therapeutic regimen, rifampicin. An update to the RMT-TB cartridge, the Ultra
cartridge, already exists, and it promises to be more accessible with shorter time to results. This
update intensifies the fight against TB, but access to this tool throughout the territory of Brazil
remains limited (BRASIL, 2019).

Nevertheless, diagnosis and treatment of patients alone are not sufficient to reduce the
disease burden in the country; multi-sector policies must also consider the influence of risk
factors, such as diabetes mellitus, malnutrition, tobacco use, alcohol consumption, and HIV
(SILVA et al., 2018). These are the five main predisposing factors, and they can contribute to
worse outcomes in treatment of TB. In 2018, in Brazil, approximately 10,000 cases of TB were
attributed to alcoholism, 10,000 to HIV, 8,000 to tobacco use, and 5,000 to diabetes (WHO,
2019). The odds ratio of developing TB is 2.44 to 8.33 times higher in patients with diabetes
mellitus than in those without the disease. For tobacco use, it is approximately 5.39 times higher
(95% CI: 2.44 to 11.91), and, for alcoholism, it is 3.50 times higher (95% CI: 2.01 to 5.93)
(SILVA et al., 2018). Accordingly, in order to reduce the disease burden, it is necessary to be
aware of these comorbidities in patients with TB, in order to guarantee adequate management
of both conditions.

It is evident that the population’s living conditions and the access to health services are
directly influenced by the socioeconomic and political circumstances of the country. The
Brazilian political crisis that began in 2013 and culminated with the impeachment of the
country’s president in 2016 generated negative impacts, most of all for the poorest populations
of the country, with attacks on labor rights, unemployment, reduced purchasing power of the

population, and reduced investments in important social areas, such as health and education
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(MELO; MENDONCA,; TEIXEIRA, 2019; TEIXEIRA; PAIM, 2018). We argue that this
context has resulted in an increase in the incidence of TB in the years 2016 and 2017, mainly
in municipalities with very high social vulnerability, given that they are the most sensitive to
changes in the political and economic circumstances.

Accordingly, in order for the elimination of TB as a public health problem to stop being
a global illusion and to become reality, action is necessary in different lines of work that involve
the following (BHATIA et al., 2019; TRAJIMAN; SARACENI; DUROVNI, 2018): i) universal
access to timely and quality diagnosis, with inclusion of all patients; ii) monitoring and follow-
up of cases that are resistant to conventional treatment; iii) consolidation of prevention actions,
such as expanding the coverage of the bacillus Calmette-Guérin vaccine, preventive treatment
for people living with HIV, and testing of contacts of TB cases; iv) broad investment in
prevention, diagnosis, and treatment actions; v) universalization of health systems and inter-
sector actions; and vi) action on social determinants and risk factors for TB during the four
stages of pathogenesis: exposure, infection, progression among exposed people, and health care
(HARGREAVES et al., 2011).

Even considering the methodological precautions adopted, this study does have some
limitations, including the quality of data registered in the SINAN. The records are influenced
by the quality of the health surveillance services of Brazilian states and municipalities, which,
in the North and Northeast Regions, often face severe problems, mainly related to the
qualification of human resources and the lack of working conditions, which result in
underreporting of cases. In this study, 22% of municipalities (n = 1,216) would meet the
criterion for elimination of TB (< 10 cases per 100,000); after smoothing of the rates, however,
this number changed to scarcely over 5% (n = 305). This information is extremely useful in
confirming the need to empower epidemiological surveillance and make it more effective, as

well as the indispensable investigation of contacts, given that TB is an airborne disease.
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5 CONCLUSION

Brazil reduced the incidence of TB from 42.8 per 100,000 inhabitants to 35.2 per
100,000 between 2001 and 2017. All five major regions also showed a decreasing trend, and
the Northeast stood out with the greatest percentage decrease. With respect to Brazilian states,
only Minas Gerais showed an increasing trend, and nine states showed a stationary trend.

A total of 787 Brazilian municipalities were classified as high priority from the
epidemiological and statistical point of view for political and administrative intervention in the
fight against TB. Moreover, 22 high-risk spatial clusters were identified, involving a total of
561 municipalities. Finally, it was found that the epidemiological situation of nearly one
thousand municipalities is underreported, and these municipalities must have more cases than
are officially registered.

The overall SVI and the subindices of Human Capital and Work and Income were
associated with the incidence of TB; they also showed an association with other disaggregate
variables. Furthermore, it was observed that the incidence rates were higher in municipalities
with greater social vulnerability, confirming its status as a disease of neglected populations.

TB is a global health and political issue, and Brazil has the means necessary to fulfill
the goals and become a leader in the international scenario of fighting the disease. Accordingly,
the results of this study contribute to understanding the spatial distribution of TB in Brazil,
highlighting the importance of spatial analysis associated with socioeconomic indicators as
methodological tools to assist in planning, execution, and assessment of health actions, thus
guiding interventions for the elimination of the disease.
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