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Research

AbstrACt
Objectives To identify scenarios based on socioeconomic, 
epidemiological and operational healthcare factors 
associated with tuberculosis incidence in Brazil.
Design Ecological study.
settings The study was based on new patients with 
tuberculosis and epidemiological/operational variables 
of the disease from the Brazilian National Information 
System for Notifiable Diseases and the Mortality 
Information System. We also analysed socioeconomic and 
demographic variables.
Participants The units of analysis were the Brazilian 
municipalities, which in 2015 numbered 5570 but 5 
were excluded due to the absence of socioeconomic 
information.
Primary outcome Tuberculosis incidence rate in 2015.
Data analysis We evaluated as independent variables the 
socioeconomic (2010), epidemiological and operational 
healthcare indicators of tuberculosis (2014 or 2015) 
using negative binomial regression. Municipalities 
were clustered by the k-means method considering the 
variables identified in multiple regression models.
results We identified two clusters according to 
socioeconomic variables associated with the tuberculosis 
incidence rate (unemployment rate and household 
crowding): a higher socioeconomic scenario (n=3482 
municipalities) with a mean tuberculosis incidence rate 
of 16.3/100 000 population and a lower socioeconomic 
scenario (2083 municipalities) with a mean tuberculosis 
incidence rate of 22.1/100 000 population. In a second 
stage of clusterisation, we defined four subgroups in each 
of the socioeconomic scenarios using epidemiological 
and operational variables such as tuberculosis mortality 
rate, AIDS case detection rate and proportion of vulnerable 
population among patients with tuberculosis. Some 
of the subscenarios identified were characterised by 
fragility in their information systems, while others were 
characterised by the concentration of tuberculosis cases in 
key populations.
Conclusion Clustering municipalities in scenarios allowed 
us to classify them according to the socioeconomic, 

epidemiological and operational variables associated with 
tuberculosis risk. This classification can support targeted 
evidence-based decisions such as monitoring data quality 
for improving the information system or establishing 
integrative social protective policies for key populations.

IntrODuCtIOn 
In 2016, 10.4 million people had tuberculosis 
(TB) and 1.8 million died worldwide because 
of the disease.1 In Brazil, similar to other coun-
tries, TB incidence reduction (37.9/100 000 
population in 2007 to 32.4/100 000 popu-
lation in 2016)2 seems to be associated with 
the improvement of population living condi-
tions3–5 and the performance of TB control 
programmes.6 However, the disease burden 
continues to be significant in the country, 
with 66 796 new patients registered in 2016.2

strengths and limitations of this study

 ► This study was based on national population 
data in a country of continental dimension (5565 
municipalities).

 ► The availability of variables associated with tuber-
culosis made it possible to consider both socioeco-
nomic and epidemiological/operational approaches 
in the definition of municipality clusters for tuber-
culosis control.

 ► This methodology can be explored by other coun-
tries to guide their plans to end tuberculosis.

 ► Reporting and information quality may vary between 
sources and periods which could affect estimate 
accuracy.

 ► Inferences obtained are applicable to population 
groups, not to individuals. However, ecological re-
search can provide evidence to support public 
health decisions.
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In 2014, in a move towards elimination, 
the WHOlaunched the End TB Strategy, setting targets 
to be met by 2035, including a 90% reduction in TB inci-
dence compared with 2015.1 The strategy is critical to 
energising the fight against the disease and mobilising 
resources, but needs to be adapted to the local context, 
as does any other health policy.7

Some countries have already made progress developing 
their national plans. Among the strategies presented, we 
highlight the strengthening of existing TB services, the 
acceleration of case detection in key populations and 
the implementation of actions to reduce barriers to TB 
care.8–10

Brazil is a country with continental dimensions; thus, 
both socioeconomic indicators11 and those that reflect 
the performance of local TB programmes2 present a high 
degree of heterogeneity. Considering this context, and 
to support the ‘National Plan to End TB’,12 we identified 
scenarios based on socioeconomic, epidemiological and 
operational factors associated with the TB incidence rate.

MethODs
type of study and data source
This is an ecological study, with the units of analysis being 
the Brazilian municipalities which were 5570 in 2015. We 
excluded five municipalities due to absence of socioeco-
nomic information. Data on socioeconomic and demo-
graphic variables by municipality were only available from 
the last population census (2010).11 13 For new patients 
with TB (2015) and epidemiological/operational vari-
ables of the disease (2014 and 2015), we used data from 
the Brazilian National Information System for Notifiable 
Diseases and the Mortality Information System.11

Variables
The dependent variable was the TB incidence rate (new 
cases that arose in a year per 100 000 population) in 2015, 
and the independent variables were socioeconomic, 
epidemiological and healthcare operational TB variables. 
Many of these variables have already been identified in 
previous studies as TB determinants (online supplemen-
tary material 1).3 14–16

The socioeconomic variables analysed were as follows:
 ► Municipal Human Development Index (M-HDI).
 ► Average household income per capita.
 ► Gross domestic product (GDP) per capita.
 ► Proportion of the population that is extremely poor, 

poor and vulnerable to poverty.
 ► Gini coefficient.
 ► Unemployment rate.
 ► Illiteracy rate.
 ► Proportion of population living in households with 

more than two people per room representing house-
hold crowding.

 ► Infant mortality rate per 1000 live births.
 ► Life expectancy at birth.

 ► Population size of municipalities classified as small 
(less than 20 000 inhabitants), medium (20 000–99 999 
inhabitants) and large (100 000 inhabitants or 
larger).17

Average household income per capita and GDP per 
capita were converted into US$ using the average annual 
price in 2010 (US$1≈R$1.8 [Brazilian Reals-R$]). We 
adopted the Brazilian definitions for the proportions of 
the population that are extremely poor, poor and vulner-
able to poverty: proportion of individuals in the munici-
pality with an average household income per capita equal 
or less than US$40, US$80 and US$145, respectively.13

The epidemiological variables of TB were as follows:
 ► AIDS case detection rate per 100 000 population.
 ► Proportion of new patients with TB who were: HIV 

positive, prisoners, health professionals, indigenous, 
homeless and, as a composite indicator, the propor-
tion of patients with TB from at least one of these 
vulnerable groups. Those vulnerabilities were previ-
ously associated with an increased risk of TB in other 
studies.3–5 18

 ► Proportion of TB retreatment patients.
 ► TB mortality rate per 100 000 population.
The operational healthcare variables of TB considered 

in the analysis were as follows:
 ► Proportions of new patients with TB: in which contacts 

were examined, laboratory confirmed, tested for HIV 
and the treatment outcomes (cure, loss to follow-up 
and no record of TB outcome).

 ► Proportion of sputum culture examination among 
retreatment patients.

Due to the availability of updated data at the time of 
analysis, the data to calculate culture examinations, treat-
ment outcomes and TB mortality rate refers to 2014, 
while the other epidemiological and operational varia-
bles refers to 2015.

statistical analysis
Statistical analysis was performed in two stages; each of 
them included a model to identify the factors associated 
with TB incidence rate. This evaluation was followed by a 
cluster analysis based on the factors identified. The first 
stage was focused on socioeconomic variables and the 
second on the epidemiological and operational variables 
associated with TB incidence rate.

Negative binomial regression was used to identify 
factors associated with the TB incidence rate in 2015. For 
these regression analyses, we only included municipalities 
that presented a mean annual variation of the triennial 
moving average of the incidence rate for the years 2001–
2015 between −8% and 8%. By doing so, we intended to 
reduce possible biases due to the variability of values   in 
small municipalities and any possible intermittence in 
case reporting.

To obtain multiple regression models that were parsi-
monious and robust, we avoided including variables that 
were strongly correlated with each other or those that 
showed signs of multicollinearity (ie, inversion of the 
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correlation coefficient together with an increase in SE). 
Whenever a strong correlation between independent vari-
ables (Spearman’s r >0.6) was identified, for the multiple 
model, we selected the variable with the highest associ-
ation with TB incidence rate in univariate regression 
models. We used a stepwise forward selection method 
and preserved the variables with a p<0.05 in the multiple 
model. In addition, we adjusted the models by categories 
of the population size of municipalities (small: less than 
20 000 inhabitants, medium: 20 000–99 999 inhabitants 
and large: 100 000 inhabitants or larger). We presented 
the association measures as the relative increment in the 
incidence rate (RIIR), which was obtained by subtracting 
one from the incidence rate ratio ((IRR-1)x100%).

Socioeconomic variables associated in a multiple model 
(primary model) were considered for a cluster analysis 
of all municipalities using the non-hierarchical k-means 
method. In this method, the algorithm aims to reduce 
intragroup variance and maximise intergroup variance 
in relation to the Euclidean distance established by the 
variables selected.19 To define the number of clusters, 
we used the Elbow method, which relates the number of 
clusters with the percentage of internal variation of the 
groups,19 adopting >60% as the cut-off point and among 
these, the smallest number of possible clusters.

In a second stage, epidemiological/operational vari-
ables were modelled for each socioeconomic scenario, 
following a similar methodology described for socio-
economic variables. Factors associated with TB in these 
secondary models, as well as the TB mortality rate, were 
considered for a second cluster analysis, which subdi-
vided the previous socioeconomic clusters into epide-
miological/operational TB subscenarios. Because some 
operational variables were only measurable during the 
care of patients with TB, these second-stage methods 
were applied only in municipalities with patients with TB 
reported in 2014 and 2015.

Statistical analyses were performed with the Stata statis-
tical package V.12.0, R V.3.3.1 and the cluster library.

Patient and public involvement
Patient and public were not involved in this study because 
all variables studied correspond to data aggregated by 
municipalities. Therefore, researchers did not have 
access to any individual data or personal identification 
of patients with TB. The results will be disseminated for 
Tuberculosis Control Programmes in municipalities and 
states and the grouping of municipalities presented in this 
study has already been incorporated into the Brazilian 
National Plan to End TB.12

ethical aspects
All data analysed are publicly available in Brazil, and the 
procedure to access is described in online supplementary 
material 2. According to Brazilian legislation (Resolu-
tion No. 510 of the National Health Council of Brazil),20 
studies conducted exclusively with publicly available 
data are not required to be evaluated by an institutional 

review board. This study was conducted according to the 
guidelines and standards for research involving human 
subjects.21

results
In 2015, 67 777 new patients with TB were reported in 
Brazil, with an incidence rate of 33.1/100 000 popula-
tion. The mean annual variation of the triennial moving 
average of the TB incidence rate in municipalities ranged 
from −22.6% to 41.8%. This interval was wider in small 
and medium municipalities (−22.7% to 41.9%) rather 
than in larger ones (−7.3% to 14.6%). A total of 3311 
(59.5%) municipalities presented a variation between 
−8% and 8% and were eligible for the analysis for the 
primary model, including 791 that did not present new 
patients with TB in 2015.

Regarding socioeconomic variables, household 
crowding and unemployment rate exhibited the highest 
associations with TB incidence rate in both univariate 
and multiple analysis. The percentages of the poor and 
vulnerable to poverty population were not included in 
the multiple model because these factors were strongly 
correlated with household crowding. On the other hand, 
the Gini coefficient exhibited a moderate correlation 
with household crowding (Spearman’s r=0.55) and a 
weak correlation with unemployment rate (Spearman’s 
r= 0.31). However, the Gini coefficient was not preserved 
in the multiple model because of inversion of its regres-
sion coefficient and an increase in the SE when adjusted. 
The other socioeconomic variables were not significantly 
associated with TB incidence rate in the multiple model 
(table 1).

Based on these two socioeconomic variables, we iden-
tified a higher socioeconomic scenario (HSS) cluster, 
with 3482 municipalities which presented better socio-
economic variables than the 2083 municipalities from the 
second cluster, the lower socioeconomic scenario (LSS) 
(table 2). The HSS cluster exhibited unemployment rates 
of up to 26.9% and household crowding values between 
0.6% and 28.6%. On the other hand, the LSS cluster 
exhibited unemployment rates of up to 39.1%; and, 
household crowding values between 26.6% and 88.6% 
(figure 1).

The mean TB incidence rate in the LSS was 22.1/100 000 
population (table 2), which was significantly higher than 
that observed in the HSS, which was 16.3/100 000 popu-
lation (IRR 1.3; 95% CI 1.3 to 1.4).

Among the 3482 HSS municipalities, 1125 presented 
at least one notification of patients with TB in 2014 and 
2015 and were eligible (annual variation in TB incidence 
rate between −8% and 8%) for a secondary modelling. 
In this analysis, the AIDS case detection rate and the 
proportion of new patients from at least one vulner-
able group were positively associated with the TB inci-
dence rate, while the proportion of contact investigation 
among new patients with TB presented an inverse associ-
ation (table 3).

https://dx.doi.org/10.1136/bmjopen-2017-018545
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Regarding the LSS, 1095 municipalities out of 2083 were 
eligible. The AIDS case detection rate and the proportion 
of patients from at least one vulnerable group were posi-
tively associated with the TB incidence rate. In contrast, 
the proportion of patients with no record of TB outcome 
was inversely associated with TB incidence (table 3).

Using the variables associated with the outcome in 
the previous models and considering the TB mortality 
rate, we defined three clusters for each socioeconomic 
scenario, making a total of six subscenarios with TB cases 
in 2014 and 2015. For each socioeconomic scenario, a 
subscenario (1.0 and 2.0) was also defined including 
municipalities without TB reporting in 2014 or 2015 
(online supplementary material 3).

Figure 2 shows the geographical distribution of munic-
ipalities according to the subscenarios. Regarding the 
subscenarios with patients with TB in HSS, subscenario 
1.1 showed the lowest mean rates of TB incidence, AIDS 
case detection and TB mortality. Subscenario 1.2, despite 
having relatively low mean rates of TB incidence, AIDS 
case detection and TB mortality, had a high proportion of 
patients with no record of TB outcome. Subscenario 1.3 
covered 27.8% of new patients with TB reported in 2015 
and presented the highest mean rates of TB incidence, 
AIDS case detection and proportion of patients from at 

least one vulnerable group (22.0%) (online supplemen-
tary material 3).

Regarding the LSS municipalities, subscenario 2.1 had 
the lowest mean for contact investigation (36.5%) and 
HIV testing (52.3%), and the highest mean proportion of 
patients with no record of TB outcome (81.8%). Subsce-
nario 2.2 showed a high TB incidence rate, the highest TB 
mortality and low HIV testing (53.5%) and a high mean 
proportion of patients with no record of TB outcome 
(37.0%). As a consequence of the inclusion of 14 capitals 
in subscenario 2.3, it includes 56.3% of all new patients 
reported in 2015. Furthermore, subscenario 2.3 has the 
highest mean AIDS case detection rate in the group of 
LSS and the second highest TB mortality rate among all 
subscenarios (online supplementary material 3).

DIsCussIOn
This study classified 5565 Brazilian municipalities in 
two scenarios (LSS and HSS) defined by socioeconomic 
variables associated with the TB incidence rate in Brazil. 
Subsequently, we performed a subclassification based on 
operational and epidemiological variables associated with 
the TB incidence rate.

Regarding socioeconomic variables, the unemploy-
ment rate was associated with the risk of TB, as found in 

Table 1 Socioeconomic variables and association with tuberculosis incidence rate in Brazil (n=3311 municipalities†)

Variable‡ Mean (SD) Median (IQ25%–IQ75%) RIIR (95% CI)§ 
(Adjusted) RIIR 
(95% CI)§ 

M-HDI 0.7 (0.1) 0.7 (0.6–0.7) −4.8 (−36.9 to 43.7)

Average household income 
per capita (US$)

280.3 (143.8) 257.9 (155.6–372.8) −0.0 (−0.0 to −0.0)*

GDP per capita (US$) 7510.4 (8630.3) 5555.2 (2909.4–9 091.2) 0.0 (−0.0 to 0.0)

Extremely poor (%) 11.4 (11.7) 6.5 (1.6–19.1) −0.0 (−0.3 to 0.2)

Poor (%) 23.4 (18.0) 18.5 (6.9–38.8) 0.1 (–0.0 to 0.3)

Vulnerable to poverty (%) 44.1 (22.7) 42.6 (23.3–65.6) 0.2 (0.0 to 0.3)*

Gini coefficient (%) 51.0 (6.5) 51.0 (46.7–55.2) 0.8 (0.3 to 1.2)*

Unemployment rate (%) 6.7 (3.7) 6.3 (4.2–8.6) 5.0 (4.2 to 5.8)* 3.9 (3.0 to 4.7)*

Illiteracy in the population 
with ≥18 years (%)

17.2 (10.8) 13.9 (8.1–26.4) −0.4 (−0.6 to −0.1)*

Illiteracy in the population 
with ≥15 years (%)

15.6 (9.8) 12.9 (7.2–23.8) −0.4 (−0.7 to −0.1)*

Household crowding (%)¶ 26.4 (13.1) 24.7 (16.6–33.8) 1.2 (1.0 to 1.4)* 0.8 (0.6 to 1.1)*

Infant mortality rate (no of 
deaths in the first year of life 
per 1000 live births)

19.3 (7.2) 17.0 (13.7–24.1) 0.1 (−0.3 to 0.5)

Life expectancy at birth (years) 73.1 (2.7) 73.4 (71.1–75.2) −0.9 (−1.9 to 0.2)

*P<0.05. 
†Municipalities with an annual variation in TB incidence rate between −8% and 8% and at least one new TB case in 2015.
‡Variables measured in the last census (2010).
§The association measure represents the RIIR ((IRR-1)x100), adjusted for the population size of the municipality.
¶Proportion of the population living in households with more than two people per room.
GDP, gross domestic product; IRR, incidence rate ratio; M-HDI, Municipal Human Development Index; RIIR, relative increment in the 
incidence rate; TB, tuberculosis.

https://dx.doi.org/10.1136/bmjopen-2017-018545
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previous studies from the USA,22 Spain23 and Brazil.16 At 
the individual level, unemployment has been associated 
with an increased risk of alcohol and illicit drug abuse24 
and with loss to follow-up during HIV treatment.25 These 
factors have already been associated with TB risk3–5 and 

could at least partially explain the association observed 
in our study.

Household crowding was also positively associated with 
the TB incidence rate. In several studies, including some 
developed in New Zealand,26 Lima,27 the USA and West 

Table 2 Description of socioeconomic scenarios associated with the tuberculosis  incidence rate in Brazil (n=5565 
municipalities)*

Variables†

Higher socioeconomic scenario, n=3482 
municipalities

Lower socioeconomic scenario, n=2083 
municipalities

Mean (SD) Median (IQ25%–IQ75%) Mean (SD) Median (IQ25%–IQ75%)

TB incidence rate per 
100 000 population‡

16.3 (31.7) 10.2 (0–23.2) 22.1 (36.6) 16.9 (6.3–29.6)

M-HDI 0.7 (0.1) 0.7 (0.6–0.7) 0.6 (0.1) 0.6 (0.6–0.6)

Average household income 
per capita (US$)

330.5 (126.5) 324.1 (242.3–403.5) 181.3 (92.4) 150.8 (125.3–203.5)

GDP per capita (US$) 8661.1 (7 707.6) 7259.7 (4758.8–10 053.9) 4930.5 (8 033.6) 2937.6 (2371.3–5 004.5)

Extremely poor (%) 5.8 (7.3) 2.6 (1.1–7.4) 20.7 (11.9) 20.3 (12.0–28.7)

Poor (%) 14.2 (12.3) 9.7 (5.1–20.2) 38.3 (15.5) 40.3 (29.7–49.1)

Vulnerable to poverty (%) 33.0 (17.8) 29.3 (19.0–44.9) 62.4 (16.5) 67.0 (57.0–73.5)

Gini coefficient (%) 58.0 (6.0) 48.0 (43.9–52.0) 54.1 (5.8) 53.8 (50.2–57.5)

Unemployment rate (%)§ 5.1 (2.9) 4.9 (3.1–6.8) 8.3 (4.0) 7.6 (5.6–10.3)

Illiteracy in the population 
with ≥18 years (%)

12.9 (8.0) 10.7 (7.2–16.0) 25.0 (10.3) 26.5 (17.1–32.9)

Illiteracy in the population 
with ≥15 years (%)

11.7 (7.3) 9.8 (6.5–14.6) 22.7 (9.5) 23.9 (15.6–29.8)

Household crowding (%)§¶ 17.1 (6.0) 17.3 (12.7–22.0) 38.5 (10.3) 35.7 (31.2–41.9)

Infant mortality rate (no of 
deaths in the first year of life 
per 1000 live births)

16.0 (5.0) 14.8 (12.8–17.5) 24.6 (6.9) 24.2 (19.4–29.0)

Life expectancy at birth 
(years)

74.3 (2.1) 74.5 (73.2–75.7) 71.1 (2.3) 71.1 (69.6–72.6)

*Total of municipalities with socioeconomic data in Brazil that were used in the clusterisation step.
†With the exception of the TB incidence rate (2015), the other variables were measured in the last census (2010).
‡Incidence rate ratio=1.3; 95% CI 1.3 to 1.4 (lower vs higher socioeconomic scenario).
§ Variables identified in the primary model and used in the first cluster analysis.
¶Proportion of the population living in households with more than two people per room.
GDP, gross domestic product; M-HDI, Municipal Human Development Index.

Figure 1 Distribution of Brazilian municipalities according to socioeconomic variables associated with the tuberculosis 
incidence rate. a Proportion of the population living in holseholds with more than two people per room. 
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Africa, people living in crowding conditions had a higher 
risk of TB.28 29 In Brazil, this variable was already associ-
ated with TB incidence and was considered a potential 
mediator between socioeconomic determinants and TB 
incidence rate because it may directly favour TB transmis-
sion by increasing the contact rate between infected and 
susceptible people.16

In our study, the LSS, with municipalities predomi-
nantly in the North, Northeast and Centre-West regions, 
presented a higher incidence of TB than the HSS, with 
municipalities located predominantly in the South and 
Southeast regions. This suggested that classification of 

municipalities by socioeconomic variables could be highly 
functional to address TB risk.

Regarding the operational and epidemiological vari-
ables, the AIDS case detection rate was positively associ-
ated with the TB incidence rate in both socioeconomic 
scenarios, which was consistent with previous studies in 
which AIDS has been a factor associated with TB risk at 
the contextual level.15 16 30

The proportion of new patients from at least one 
vulnerable group was also another factor associated with 
TB incidence in both scenarios. One of the vulnerable 
populations included is prisoners. Specifically, in Brazil, 

Table 3 Epidemiological and operational tuberculosis variables associated with the tuberculosis  incidence rate stratified by 
socioeconomic scenarios in Brazil (n=2220 municipalities)

Variables† 

Higher socioeconomic scenario n=1125 
municipalities‡ 

Lower socioeconomic scenario n=1095 
municipalities‡ 

RIIR (95% CI)§ 
(Adjusted) 
RIIR (95% CI)§ RIIR (95% CI)§ 

(Adjusted) 
RIIR (95% CI)§ 

Epidemiological

   AIDS case detection rate (cases 
per 100 000 population)

1.5 (1.2 to 1.7)* 1.4 (1.1 to 1.6)* 2.1 (1.7 to 2.5)* 2.0 (1.6 to 2.4)*

   New patients with TB from at 
least one vulnerable group (%)¶

0.5 (0.3 to 0.7)* 0.2 (0.1 to 0.4)* 0.7 (0.5 to 0.9)* 0.5 (0.3 to 0.7)*

   TB-HIV coinfection among new 
patients (%)

0.3 (0.0 to 0.6)* −0.2 (−0.5 to 0.2)

   New patients with TB who were 
prisoners (%)

0.7 (0.4 to 0.9)* 1.2 (0.9 to 1.5)*

   New patients with TB who were 
health professionals (%)

−0.5 (−1.3 to 0.2) −0.2 (−1.0 to 0.6)

   New patients with TB who were 
from an indigenous population 
(%)

1.1 (0.3 to 1.9)* 0.9 (0.5 to 1.2)*

   New patients with TB who were 
homeless (%)

0.1 (−0.6 to 0.7) 0.1 (−0.7 to 1.0)

   Retreatment patients with TB 
among the total patients (%)

0.5 (0.2 to 0.8)* 0 (−0.3 to 0.3)

Operational healthcare (new patients with TB)

   Contact examination (%) −0.3 (−0.4 to −0.1)* −0.2 (−0.3 to −0.1)* −0.0 (−0.2 to 0.1)

   Patients with Pulmonary TB with 
laboratory confirmation (%)

0.0 (−0.1 to 0.2) −0.1 (−0.3 to 0.0)

   Tested for HIV (%) 0.1 (−0.0 to 0.2) 0.0 (−0.1 to 0.2)

   Cure (%) −0.2 (−0.3 to −0.0)* 0.2 (0.0 to 0.3)*

   Lost to follow-up (%) 0.6 (0.3 to 0.9)* 0.3 (0.0 to 0.7)*

   No TB outcome registration (%) 0.3 (0.1 to 0.5)* −0.3 (−0.5 to −0.1)* −0.3 (−0.5 to −0.1)*

   Culture examination 
(retreatment) (%)

0.1 (−0.1 to 0.2) 0.0 (−0.1 to 0.2)

*P<0.05.
†With the exception of: cure, lost to follow-up, no record of TB outcome and culture examination (2014), the other variables were measured in 
2015.
‡Municipalities with an annual variation in TB incidence rate between −8% and 8% and at least one new TB case in 2014 and 2015.
§The association measure represents the RIIR ((IRR-1)x100), adjusted for the population size of the municipality.
¶HIV, health professional, prisoners, indigenous and homeless.
 IRR, incidence rate ratio; RIIR, relative increment in the incidence rate; TB, tuberculosis.
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in 2014, there were approximately 607 thousand impris-
oned people in 956 municipalities distributed in all 
regions of the country, with a prison occupation rate of 
161%.31 This overcrowding may explain the higher risk 
for TB shown by this group in previous studies32 and 
makes it a priority vulnerable group for TB control.

In the HSS, vulnerability was also correlated with the 
AIDS case detection rate, which is higher in the South 
and Southeast regions (respectively, 20.1% and 53.0% 
of the AIDS cases identified from 1980 to June 2016).33 
Regarding the LSS, vulnerability was correlated with indig-
enous populations, which are predominantly located in 
the North (37.4%), Northeast (25.5%) and Central-West 
regions (16.0%).11 These groups have presented a higher 
risk of TB than other populations.4

We observed an inverse association between the TB 
incidence rate and the percentage of contact investiga-
tion in the HSS, which may represent the overall effect on 
transmission control, possibly through identification and 
timely treatment.34 Finally, in the LSS, the association with 
the proportion of patients with no record of TB outcome 
may represent failures in surveillance in collecting these 
data for the qualification of the information system.

Regarding the absence of patients with TB in 2014 or 
2015 in subscenarios 1.0 and 2.0, it is possible that there is 
under-reporting in these scenarios, mainly in the subsce-
nario 2.0, where there are worse socioeconomic condi-
tions, which are associated with a higher risk of TB. This 
finding suggests that activities related to TB detection 
should be strengthened especially in those groups of 
municipalities.

Concerning the subscenarios that reported at least one 
patient with TB in the 2 years of analysis from the HSS 
cluster, group 1.1 has the lowest TB incidence rate, better 
socioeconomic indicators and good TB epidemiological/
operational indicators, suggesting an advanced stage in 
TB control. Subscenario 1.3 presents the highest TB inci-
dence rate, AIDS case detection rate and proportion of 
patients from at least one vulnerable group (22.0%), espe-
cially among prisoners (12.1%). In addition, this scenario 
is composed of mainly by capitals, which could mean a 
more sensitive surveillance system. Despite subscenario 
1.3 corresponding to that with the highest TB risk, the 
distribution of vulnerabilities suggests a concentrated 
epidemic in some population groups, including patients 
with HIV (8.8% of patients with TB were coinfected) and 

Figure 2 Brazilian’s municipalities by tuberculosis incidence rate scenario (Brazil, 2015). a Without notification of tuberculosis 
patients in 2014 or 2015. 
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prisoners (12.1% of new patients), which requires distinct 
and focused strategies such as screening and prompt 
treatment.

Subscenarios 1.2 (HSS-cluster), 2.1 and 2.2 (LSS-cluster) 
need improvement in the information system due to 
the high proportion of patients with no record of TB 
outcome. This makes it difficult to analyse the perfor-
mance of TB control actions. Another challenge in these 
groups is the investigation of contacts, which was particu-
larly low in subscenario 2.1. Although subscenario 2.1 has 
the highest percentage of HIV coinfection in new patients 
with TB (9.8%), it also has one of the lowest percentages 
of HIV testing (52.3%), suggesting the underdetection of 
HIV among people with TB.

In the LSS, group 2.2 exhibited the highest TB inci-
dence, but the lowest proportion of patients from at least 
one vulnerable group (10.6%), revealing an endemic situ-
ation that is less concentrated in vulnerable populations. 
Subscenario 2.3 has a reliable information system and 
good performance in operational activities (eg, contact 
investigation and HIV testing), revealing that even with 
limited resources, it is possible to carry out effective 
disease control actions.

Finally, with the exception of subscenario 2.0, all those 
in the LSS had a higher TB mortality rate than those in 
the HSS. Subscenario 2.0, even though no new patients 
with TB were reported in 2014 or 2015, exhibited a higher 
mortality rate than the 1.0 group. Mortality is expected 
to be less under-reported than incidence, as observed 
in other diseases.35 36 Thus, the use of this variable for 
defining clusters contributes to characterising groups 
according to TB burden besides the other variables used 
for classification.

limitations
As a common limitation of ecological studies, aggregate 
measures might differ from individual ones. However, 
these studies provide an overview that contributes to 
direct decision-making in public policies.

Under-reporting of patients with TB in Brazil is 
decreasing each year,1 but may remain a potential limita-
tion for this study. Since there is no information about TB 
case detection and latent TB infection in Brazilian munic-
ipalities, the overall burden cannot be estimated. Even 
so, we hypothesised that the under-reporting is either 
homogeneous or higher in municipalities with worst 
socioeconomic indicators. Therefore, the magnitude of 
association between socioeconomic indicators and TB 
incidence may be higher than estimated in this study. The 
exclusion of municipalities that presented high variability 
in the incidence rate may have reduced the risk of infor-
mation bias.

On the other hand, although an important number 
of municipalities was excluded from the regression anal-
ysis, those localities were usually small, and the overall 
municipalities included made up 87.2% of the Brazilian 
population. In addition, only five municipalities (0.1% 
of the total) were excluded because of the absence of 

socioeconomic data. Therefore, we conclude that the 
association identified in the multiple models can be 
widely extrapolated.

Concerning data availability, socioeconomic variables 
by municipality were only available from the last census 
conducted in the country (2010). Therefore, recent 
socioeconomic trends and their impact on the current 
TB incidence rate could not be evaluated. However, we 
believe that the socioeconomic differences between 
municipalities have remained proportional in recent 
years, which allows their evaluation as a determinant of 
the TB incidence.

Implications for public health and conclusion
The End TB Strategy proposes bold targets, and a prompt 
response from each country may be critical for their 
achievement. We consider this work an innovative tool for 
public health decisions because we used secondary data 
available for most of the municipalities of the country 
with a robust data analysis that recognises the socioeco-
nomic and operational diversity of a continental country. 
The grouping of municipalities presented in this study 
has already been incorporated into the National Plan 
to End TB12 to support the implementation of efficient 
strategies.

Efforts should be focused on strengthening informa-
tion systems to provide a reliable picture of the epide-
miological situation, such as the implementation of 
monitoring strategies to ensure the quality of data 
collection.

There is an inverse relationship between the amount 
spent with social protection and TB indicators (preva-
lence, incidence and mortality).37 38 The challenges of 
controlling TB in key populations (prisoners and indig-
enous) are probably related to their social marginalisa-
tion and require integrative collaboration with national 
social protection programmes run by other divisions of 
the government.

Municipalities in the LSS, besides additional resources, 
require actions to reduce the exacerbation of social 
vulnerabilities, which were reflected in an increased TB 
risk. In this scenario, TB should be considered a priority 
in the public health agenda. In addition, municipalities 
from LSS scenarios that did not have a record of patients 
with TB in 2015/2014 should focus on activities related to 
TB detection, especially household-contact investigation 
as a strategy for active case finding, as this method has 
been shown to be more effective than standard passive 
case finding.39 40

The heterogeneity of the socioeconomic and epide-
miological situation in Brazil, observed in this study, 
represents a great challenge for TB control in a country of 
continental proportions, which may also be the reality in 
other countries. In this sense, our data analysis approach 
can be considered by other countries with available vari-
ables in order to identify subscenarios to guide targeted 
actions for TB control.
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