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ABSTRACT
Objective  To identify the risk areas of deaths due to 
unspecified pneumonia and tuberculosis (TB) in children, 
and to identify if there is a relationship between 
these events with higher TB incidence and social 
determinants.
Methods  Ecological study carried out in Brazil. All cases 
of TB or unspecified pneumonia deaths in children under 
5 years of age reported between 2006 and 2016 were 
included and collected through Department of Informatics 
of the Unified Health System (Brazil’s electronic database). 
The Spatial Scan Statistics was used to identify areas at 
higher risk of dying from this event. The spatial association 
was verified through the Getis-Ord techniques. The 
Bivariate Moran Global Index was used to verify the spatial 
autocorrelation between the two events. To identify the 
association of TB and pneumonia deaths with endemic 
areas of pulmonary TB and social determinants, four 
explanatory statistical models were identified.
Results  A total of 21 391 cases of pneumonia and 238 
cases of TB were identified. Spatial scanning analysis 
enabled the detection of four clusters of risk for TB 
(relative risk, RR, between 3.30 and 18.18) and 22 clusters 
for pneumonia (RR between 1.38 and 5.24). The spatial 
association of the events was confirmed (z-score 3.74 
and 64.34) and spatial autocorrelation between events 
(Moran Index:0.031 (p=0.001)). The zero-inflated negative 
binomial distribution was chosen, and an association for 
both events was identified with the TB incidence rate 
(OR 5.3, 95% CI 2.85 to 9.84; OR 6.63, 95% CI 5.62 to 
7.81), with the Gini Index (OR 1.78, 95% CI 1.12 to 2.82; 
OR 4.22, 95% CI 3.63 to4.92). Primary care coverage 
showed an inverse association for both events (OR 0.10, 
95% CI 0.67 to 0.17; OR 0.18, 95% CI 0.15 to 0.21) for 
pneumonia). Finally, a family that benefited from the Bolsa 
Família Programme had an inverse association for deaths 
from pneumonia (OR 0.81, 95% CI 0.52 to 1.25).
Conclusions  The results do not just contribute to reduce 
mortality in children, but mainly contribute to prevent 
premature deaths through identification of critical areas 
in Brazil, which is crucial to qualify health surveillance 
services.

INTRODUCTION
Pneumonia is the leading cause of death in 
children under 5 years of age, accounting 
for about 15% of all deaths in this age group 
worldwide.1 There is evidence from clinical 
studies and autopsies that in regions with a 
high incidence of tuberculosis (TB), many 
cases of childhood TB are misdiagnosed as 
bacterial or viral pneumonia,2 which worries 
health authorities around the world. This is 
because the diagnosis of TB in children is 
difficult, given the absence of tests that are 
considered as gold standard for the confirma-
tion of these cases.3

In 2015, TB killed 210 000 children world-
wide, with 80% of the deaths occurring in 
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►► Considering that Brazil is a signatory of the ‘end tu-
berculosis (TB)’ strategy, it is relevant to highlight 
the mortality of unspecified pneumonia and also 
conduct a diagnosis of TB deaths in children in the 
country.

►► Through a literature review considering the de-
scriptors ‘pneumonia deaths in children’ and/or ‘TB 
deaths in children’ there are few studies with this 
approach.

►► Among the limitations of the study is the use of sec-
ondary data sources that may lead to incomplete or 
inaccurate data.

►► With the methodologies used (spatial analysis and 
logistic regression), it is possible to find patterns 
and connections between the analysed data and 
also to identify the social determinants of the stud-
ied events, which is crucial for solving problems and 
making a correct decision.

►► This study may become a reference for the definition 
of strategies at the national level to prioritise states 
or municipalities for investments aimed at reducing 
deaths from TB and pneumonia.
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children under 5 years of age in Africa and Southeast 
Asia. The current mortality rate for TB cases in children 
aged 0–5 years is 21%.4 The American continent has a 
mortality rate of 8%, 2% in Europe and up to 34% in 
Africa, with the TB-induced mortality among untreated 
children being estimated at 21.9% in total and 41.6% in 
children under 5 years of age.5

Previous studies6 have shown that TB may be a direct 
cause of severe pneumonia or underlying comorbidity 
that increases the risk of secondary bacterial pneumonia, 
but studies with this approach are lacking.2 Most pneu-
monia tests when performed are not sensitive to TB, 
which may lead to under-reporting or a false impression 
of isolated pneumonia. Another aggravating factor is the 
lack of diagnostic elucidation of the pneumonia situation, 
which is due to the weaknesses in case of management by 
the health services.2

International initiatives to control the problem have 
been based on protocols such as The International Union 
Against Tuberculosis and Lung Disease (The Union), 
which was developed by WHO’s Child Lung Health 
Programme for early diagnosis and quality of life of chil-
dren, which offered a broad spectrum of diagnostic tech-
nologies and more chances of success in deciphering the 
type of pneumonia and its causes, whether primary or 
triggered by a TB infection. Also, through this initiative, 
better data qualification and better diagnostic elucida-
tion have been guaranteed; however, their experience is 
still very isolated.7

According to WHO, ‘social determinants of health’ 
are defined as the conditions of the physical, social,and 
economic environment in which individuals are born, 
live and develop, and deaths from pneumonia and TB 
are strongly associated with these determinants.8 The 
global Commission on Social Determinants of Health 
(2005–2008) emphasises the importance of addressing 
the social determinants of health, in particular for health 
inequities, including in children. The 2030 Agenda for 
Sustainable Development also underlines the importance 
of understanding social determinants in terms of equity 
in health. According to the literature, deaths from pneu-
monia as well as TB are strongly associated with these 
determinants.8

In addition, unspecified pneumonia (PNE) may be 
misdiagnosed and closely related to TB, especially to its 
signs and symptoms. A study9 conducted in Brazil showed 
that the most common secondary cause of deaths from 
TB was unspecified micro-organism pneumonia. Another 
study10 sought to explore the relationship between TB 
and other infectious diseases in the paediatric age group, 
and, among its findings, pneumonia is among the main 
related diseases.

A Global Burden Disease11 study found an inverse 
relationship between sociodemographic factors and TB 
deaths, where countries with the highest TB mortality 
rate have lower socioeconomic indexes. Thus, according 
to authors12 who studied the effects of the Bolsa Familia 
Programme (BFP) on the outcome of TB treatment, they 

showed that the impact of income transfer programmes 
on the health status of the population is positive.

Several measures have been launched in Brazil in the 
sense of social protection and safety of children, but there 
is a lack of national studies that can show the impact on 
the deaths due to pneumonia or even TB in children. It is 
also important to identify areas of risk for the occurrence 
of deaths from TB and non-specific pneumonia (PNE) 
and to verify their relationship with endemic areas of TB, 
the only transmissible form of the disease.

Thus, the study aimed to perform a spatial analysis 
of PNE and TB deaths in children under 5 years of age 
in order to investigate whether there is an association 
between these events in the areas with a higher incidence 
of TB and the social determinants of health.

METHODS
Study design and research scenario
We conducted an ecological study13 that used as a unit 
of analysis all Brazilian municipalities. Brazil is located in 
South America and has a territorial extension of 8.55.767 
km² and an estimated population of 208.4 million inhabi-
tants, distributed in 5570 municipalities.14 It has a fertility 
rate of 1.77 children/woman, infant mortality rate of 
12.35 deaths/1000 live births, annual Gross domestic 
product (GDP) per capita of RS31 833.50, illiteracy rate 
of 6.7%, Human Development Index, (HDI) of 0.761 and 
Gini Index of 0.515.14

It is noteworthy that the TB mortality rate in children 
under 5 years old is 1.72 deaths/100 000 children, and 
the death rate due to PNE in the same age group is 155.05 
deaths/100 000 children.

Study population and information sources
All the cases of deaths of children under 5 years of age 
reported in the period between 2006 and 2016, residing 
in the Brazilian territory, whose basic cause of death was 
due to TB (A15.0–A19.9) and PNE (J18) were included. 
The death data were collected through the Department 
of Informatics of the Unified Health System (DATASUS), 
and the population data were extracted from the Brazilian 
Institute of Geography and Statistics.

Patient and public involvement
No patient involved.

Statistical analysis
To identify areas of spatial risk for TB and PNE deaths, 
the Spatial Scanning Statistics15 technique was used 
through the SatScan V.9.5 software. Thus, we call a risk 
area a group of events that are geographically limited (in 
concentration and size), of differing risk and unlikely 
to occur, whose risk measure is considered relative risk 
(RR) (the higher the RR value, the greater the risk of that 
area).

We used the discrete Poisson model, with no geograph-
ical overlap of the clusters, a circular format and 999 
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replications. The size of the exposed population was stip-
ulated by the Gini coefficient, and we chose to identify 
only high clusters, considering high risk when the RR was 
greater than one. For the statistically significant clusters, 
p<0.05 was adopted, and a 95% CI was estimated.

The spatial association was verified using the Getis-Ord 
General G and Getis-Ord Gi* techniques, using the crude 
mortality rates for TB and PNE.16 The Incremental Spatial 
Autocorrelation tool of the ArcGis V.10.5 software was 
used to obtain the best distance in which spatial clusters 
were most pronounced.17

The Getis-Ord General G measures the concentration 
of high or low values for a given study area and is an infer-
ential statistic, which means that the results of the analysis 
are interpreted within the context of the null hypothesis 
that there is no spatial clustering of feature values. When 
the p value is statistically significant, the null hypothesis 
can be rejected, and then the sign of the z-score becomes 
important, indicating whether there is grouping of low or 
high values.18

While the Getis-Ord G analysis gives a general analysis 
of the area, indicating whether there is a tendency for 
cluster formation, the Getis-Ord Gi* technique shows us 
where these areas are in the studied region through the 
values of p (considered significant when less than 0.05) 
and the z score sign (indicates if the cluster formed is a 
hotspot (case accumulation) or a coldspot (absence of 
cases).18

The Global Bivariate Moran Index was used to identify 
the existence of spatial autocorrelation between TB and 
PNE deaths through the GeoDa V.1.0.1 software. This 
method was used to obtain an overall spatial autocorrela-
tion coefficient in a bivariate context in order to analyse 
if the value of an attribute observed was spatially related 
to the values of another variable.19

In this technique, the average and the variation of the 
attribute under study are calculated, and for each attri-
bute value, the average value is subtracted by creating a 
deviation from the average. This value is multiplied by all 
neighbours to create a cross product, where the values for 
neighbouring resources are higher or lower than average, 
and the cross product will be positive. When one value 
is less than average and the other greater than average, 
the cross product will be negative. It is worth noting that 
the Moran Index numerator is normalised by variation, 
so that the index value will always be between −1.0 and 
+1.0.20

In order to identify the association of deaths due to 
TB and PNE and the endemic areas of pulmonary TB 
and other social determinants, eight explanatory vari-
ables were defined related to the characteristics of the 
Brazilian municipalities. The variables selected for under-
standing the social determinants of health were obtained 
based on the scientific literature and were related to early 
childhood.21–24

Thus, independent variables were established as general 
incidence rates of TB (all age groups), the Municipal 
(HDI—index comprising indicators of three dimensions 

of human development: health, education and income), 
Basic attention coverage (BAC—set of actions located 
in the first level of attention of health systems, focused 
on health promotion, disease prevention, treatment 
and rehabilitation), percentage of children in extreme 
poverty, percentage of poor children, Gini Index (used 
to measure social inequality), percentage of infants with 
low birth weight and percentage of families with children 
benefiting from the BFP. The data were collected through 
DATASUS and the Human Development Atlas of Brazil.

Prior to the insertion of the variables in the multiple 
model, a dichotomisation of these variables was 
performed by their own medians, with 0 being assigned 
to values that are less than or equal to the median, and 1 
to values greater than the median.

The use of the dichotomisation of a quantitative vari-
able can result in a loss of statistical power in the analyses. 
However, when considering this condition, the authors 
decided to use the median as the choice of cut point in 
order to balance the study municipalities between the 
two analysis groups, resulting in a gain in statistical power. 
Making many divisions in the quantitative data would 
result in greater losses of statistical power. Undoubtedly, 
the dichotomisation simplifies the data for which they 
were analysed; however, this simplification has purposes 
of facilitating the understanding of the Brazilian scenario, 
mainly by managers of professionals who develop inter-
sectoriality to modify social determinants of health.25 
Then, the multicollinearity was verified by the inflation 
factor of variance (VIF), where values greater than 3 were 
removed from the statistical modelling.26

Considering the dependent variables (deaths by TB 
and PNE) as counts, four explanatory statistical models 
were selected with the following probability distributions: 
poisson, negative binomial (NB), poisson inflated zero 
and zero-inflated NB (ZINB). The objective of using four 
different models was to verify the most suitable model 
given the nature of the data used.27

The best model was weighted from the largest log-
likelihood values of the model and the lowest values 
from the Akaike information criterion (AIC).28 It should 
be noted that for the model with the best parameters 
of comparison, the OR and its 95% CI were calculated. 
Statistical models, adjusted OR and 95% CI were esti-
mated using the R software. A fixed type I error at 5% was 
considered as statistically significant (p<0.05).

RESULTS
A total of 21 629 cases were identified, of which 21 391 
were PNE cases and 238 deaths were due to TB between 
2006 and 2016 in Brazil.

The spatial analysis of the deaths from TB allowed the 
detection of four statistically significant spatial risk areas 
in Brazil (figure 1). Cluster 1 (p<0.001) was formed from 
11 municipalities in the state of Rio de Janeiro, in the 
southeast region of Brazil, with a population of 641 419 
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inhabitants, 33 deaths from TB, and RR 3.30, 95% CI 2.28 
to 4.77.

Cluster 2 (p<0.001) was formed from 107 municipali-
ties, of which 22 were from Amazonas, 16 from Amapá, 
60 from Pará and 9 from Roraima, all located in the north 
of the country, with a population of 794 462 inhabitants, 
46 deaths from TB and RR 3.92, 95% CI 2.84 to 5.41. The 
spatial cluster 3 (p<0.001) was composed of the munici-
pality of Recife in Pernambuco, in the northeast region of 
Brazil, with a population of 96 846 inhabitants, 20 deaths 
from TB and RR 12.98, 95% CI 8.20 to 20.51.

Finally, cluster 4 (p=0.020) was constituted by the 
municipality of Vitória in Espírito Santo, in the southeast 
region of Brazil, with a population of 19 598 inhabitants, 
6 deaths from TB and RR 18.18, 95% CI 8.08 to 40.88.

Regarding the PNE deaths, it was possible to iden-
tify 22 spatial risk clusters that were classified into four 
groups according to their RR (figure  2). Thus, group 
1 was formed of 10 clusters (p<0.001 to 0.036), with a 
population of 3 677 657 inhabitants, 9280 deaths from 

PNE and RR from 1.38 to 2.49, 95% CI 1.31 to 2.90. It 
was composed of 612 municipalities, of which 22 were 
from Acre, 62 from Amazonas, 92 from Pará, 52 from 
Rondônia, 15 from Roraima, 105 from Tocantins, 15 from 
Amapá (north region), 9 from Bahia, 4 from Maranhão, 
28 from municipalities of Goiás, 7 from Mato Grosso do 
Sul, 141 from Mato Grosso (central–west region), Vitória 
in Espírito Santo, 22 from municipalities of Minas Gerais, 
15 from Rio de Janeiro and 21 from São Paulo (southeast 
region), besides Itajaí in Santa Catarina, in the southern 
region of the country.

Group 2 consisted of four clusters (p<0.001), with a 
population of 199 515 inhabitants, 849 deaths from PNE, 
and RR of 2.50–3.50, 95% CI 2.24 to 5.00. It was composed 
of 16 municipalities, including 4 in the northeast region, 
Goiânia in Goiás, and another 13 municipalities in Mato 
Grosso do Sul, in the centre west region of Brazil.

Group 3 consisted of three clusters (p<0.001 to 0.003), 
with a population of 102 562, 641 PNE and RR deaths 
from 3.51 to 4.23, 95% CI 2.61 to 6.48. It was composed 
of three municipalities, including Recife, Pernambuco 
and Irecê, Bahia in the northeast region, and Campina 
Grande do Sul, Paraná, in the southern region of the 
country.

Finally, group 4 (p=0.000–0.011) had a population 
of 59 022 inhabitants, 455 deaths from PNE and RR of 
4.34–5.24, 95% CI 3.53 to 8.52. It was composed of four 
municipalities, including Aracaju, Sergipe and Itabuna, 
Bahia in the northeast; Santa Helena de Goiás, Goiás, in 
the midwest; and Ivaiporã, Paraná, in the southern region 
of the country.

Figure 3A shows the local spatial association (Gi*) of the 
TB death rate, allowing the identification of hotspots in 
the north, northeast and centre west regions of Brazil and 
coldspots in the northeast, centre west, southeast and the 
entire region south of the country. With a z-score of 3.74 
and pseudosignificance test, it was possible to confirm the 
non-randomness of the clusters (p<0.01) (figure 3B).

Figure  3C shows the local spatial association (Gi*) 
of the PNE death rate, allowing the identification of 
hotspots in the north, northeast and centre west regions 
of Brazil. It also shows coldspots in two municipalities in 
the northeast region, in the central–west, in the south-
east, and throughout the southern region of the country. 
With a z-score of 64.34 and pseudosignificance test, it was 
also possible to confirm the non-randomness of the clus-
ters (p<0.01) (figure 3D).

The Global Bivariate Moran Index was calculated 
between the crude TB and PNE mortality rates, obtaining 
a value of 0.031 (p=0.001), confirming the existence of a 
positive spatial autocorrelation between the two events of 
interest.

Tables  1 and 2 present the four explanatory models 
for TB and PNE mortality. Only five variables were 
included in the multiple models, according to VIF selec-
tion criteria. From the models tested, the probabilistic 
ZINB distribution was the one that best fit the nature 
of both dependent variables. This was observed due to 

Figure 2  Risk areas for deaths due to unspecified 
pneumonia in children under 5 years of age, Brazil (2006–
2016). PNE, non-specific pneumonia. RR, risk ratio.

Figure 1  Risk areas for deaths due to tuberculosis in 
children under 5 years old, Brazil (2006–2016). RR, risk ratio; 
TB, tuberculosis.
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their higher Log-likelihood values (−696 and −7643) and 
the lower AIC values (1417 and 15 312) for TB and PNE, 
respectively.

For TB deaths, the municipalities presented an OR 5.3, 
95% CI 2.85 to 9.84, and for PNE, the OR 6.63, 95% CI 
5.62 to 7.81, indicating an association of these events with 
municipalities that had rates of general incidence of TB 
above 15.33 cases per 100 000 inhabitants. Regarding the 
Gini variable, the Brazilian municipalities with indices 
above 0.49 had a positive association with deaths due to 
TB (OR 1.78, 95% CI 1.12 to 2.82) and PNE (OR 4.22; 
95% CI 3.63 to .92).

The municipalities with BAC of 96.4% had an inverse 
association with TB deaths (OR 0.10, 95% CI 0.67 to 0.17) 
and PNE (OR 0.18, 95% CI 0.15 to 0.21). Municipalities 
that had more than 83.21% of those receiving BFP had 
an inverse association with PNE (OR 0.81, 95% CI 0.52 to 
1.25). Finally, the zero-inflated model for the ZINB distri-
bution did not identify variables associated with PNE and 
TB.

DISCUSSION
The aim of the present study was to map the deaths from 
PNE and TB in children under 5 years old under the 
hypothesis that cases of deaths are being reported as PNE 
while in reality it could be undeserved/diagnosed TB. To 
test the hypothesis, first we performed spatial analysis of 
PNE and TB separately, and then we analysed whether 
there was an association between these areas with those 

with higher incidence of TB and their social determi-
nants of health.

It is worth noting that the diagnosis of childhood TB 
is one of the most significant challenges for the elimi-
nation of the disease, mainly due to the low positivity 
in the bacteriological examinations when performed in 
this age group, due to the paucibacillary nature of TB 
in childhood.3 Since TB is one of the main causes of 
morbidity and mortality in all age groups in the world 
(especially in low/middle-incomeg countries, such 
as Brazil), in children, its symptoms are often related 
to the presence of acute pneumonia, favouring late 
or misdiagnosis and the consequent evolution of the 
disease.2 29

It was verified that PNE in children under 5 years old 
is a common event in Brazil, affecting mainly the north, 
centre west, and northeast of Brazil and showing unequal 
distribution in the country when compared with the south 
and southeast. The study evidenced that the areas with 
highest incidence of TB were associated with PNE deaths, 
possibly because the determinants of both diseases are 
very similar, a context of social privation and inequity.

A hypothesis of this association also is that a small 
proportion of PNE would be misclassified as TB. Since 
there are hyperendemic areas for TB and there is a 
failure by the services to diagnose TB early, mainly in 
children, some cases could be classified as pneumonia 
when it could not be true. Authors have used exactly the 
unspecific pneumonia cases because they are sensitive 

Figure 3  Hotspots and coldspots for tuberculosis death and unspecified pneumonia, Brazil, 2006–2016. (A) Spatial clusters 
of tuberculosis deaths in children under 5 years of age according to the level of confidence. (B) Level of statistical significance 
of Getis-Ord G for deaths due to tuberculosis in children under 5 years of age. (C) Areas of spatial clusters of deaths due 
to pneumonia not specified in children under 5 years of age according to the level of confidence. (D) Level of statistical 
significance of Getis-Ord G for deaths from pneumonia not specified in children under 5 years of age.
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indexes of a misdiagnosis and weakness of monitoring 
and surveillance of the deaths in children under 5 years.30

In terms of the determinants, such as BFP and BAC, it 
was possible to identify the weakness of these policies on 
children’s access to health services. The issue of income 
inequality was strongly associated with both PNE and TB 
deaths in the same age group.

In this study, it was possible to identify the risk factors 
for TB deaths in the states of Rio de Janeiro, Espírito 
Santo, Amazonas, Amapá, Pará, Roraima and Pernam-
buco. A study31 carried out in the state of Espírito Santo 
showed that 49.9% of TB deaths were prevalent in the 
age range of 1–5 years, and the region was considered 
a priority for disease control. No studies were found to 
address TB deaths in the states of Amapá and Roraima.

The areas with a risk of death due to PNE involving 
all regions of the country were also identified, but there 
were a few studies that proposed to study deaths due 
to pneumonia in children and did not have a national 
coverage approach. A study32 in Minas Gerais described 
high death rates from pneumonia, showing that this was 
an old health problem and needed further investigation. 
A study published in Santa Catarina33 pointed out that 
pneumonia was among the main causes of hospitalisation 
in children under 5 years of age.

More studies on pneumonia deaths in children are 
needed to highlight the critical nodes of the system as 
one of the most lethal diseases in childhood, killing 
more than 2 million children per year in this age group, 
accounting for 19% of all deaths.34

When comparing the maps of risk areas for TB and 
PNE, it could be observed that the states of Rio de Janeiro 
and Espírito Santo in the southeast region; Amazonas, 
Pará, Roraima and Amapá in the north; and the Pernam-
buco regions in the northeast were risk areas for both 
diseases, in addition to being endemic places for TB, with 
incidence rates above 26 cases/100 000 inhabitants. Thus, 
public policies and incentives, the active search for new 
cases and public awareness about the symptoms of TB and 
pneumonia should be stimulated in these regions and, 
in view of the current results, investigated thoroughly for 
cases of PNE that were not diagnosed as TB.

With the use of the G and Gi* techniques, it was possible 
to identify that TB and PNE follow patterns and are influ-
enced by certain spatial variables, confirmed by the use of 
the Global Bivariate Moran Index, proving the global and 
local spatial association and the non-randomness in the 
formation of the agglomerates.

Hotspots were identified in the north, northeast and 
centre west regions of the country for TB and PNE, and 

Table 1  Explanatory models for deaths from tuberculosis in children under 5 years of age, Brazil (2006–2016)

Variables

Poisson 
coefficient (p 
value)

Binomial 
negative 
coefficient (p 
value)

Poisson 
inflated from 
zero
counting 
model 
coefficients 
(p value)

Poisson 
inflated from 
zero
coefficients of 
the inflation 
model (p value)

Binomial negative 
inflated from zero
counting model 
coefficients (p value) 
and OR (95% CI)

Binomial negative 
inflated from zero
coefficients of the 
inflation model (p 
value) and ORs 
(95% CI)

Tuberculosis 
incidence rate 
(>15.33)

1.90 (<0.01) 1.82 (<0.01) 1.53 (0.16) −0.38 (0.74) 1.66 (<0.01) 5.30 (2.85 
to 9.84)

−2.01 (0.21) 0.13 
(<0.01 to 3.31)

Basic care 
coverage 
(>96.40%)

−1.94 (<0.01) −1.88 (<0.01) −1.66 (<0.01) 0.29 (0.43) −2.22 (<0,01)
0.10 (0.67 to 0.17)

−15.17 (0.91)
<0.01 (<0.01 to 
>100,00)

Gini Index (<0.49) 0.7 (<0.01) 0.74 (<0,01) 0.67 (0.02) −0.02 (0.94) 0.57 (0.01) 1.78 (1.12 
to 2.82)

−1.90 (0.24)
0.14 (<0.01 to 3.70)

Percentage of 
infants with low 
birth weight 
(>3.41%)

0.39 (<0.01) 0.44 (<0.01) −0.33 (0.11) −0.80 (<0.01) 0.31 (0.15)
1.36 (0.88 to 2.12)

−1.87 (0.25)
0.15 (<0.01 to 3.91)

Percentage of 
family with child 
beneficiary of 
Bolsa Família 
Programme 
(>83.21%)

−0.38 (<0.01) −0.41 (<0.01) 0.20 (0.36) 0.59 (0.02) −0.20 (0.35)
0.81 (0.52 to 1.25)

3.00 (0.07)
20.11 (0.73 to 55.35)

Akaike 
information 
criterion

1742 1419 1506 1506 1417 1417

Log-likelihood −865 −701 −741 −741 −696 −696
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coldspots in the northeast, southeast, south and centre 
west regions for TB and PNE, indicating once again that 
both diseases have associated factors in common, such as 
space.

Four explanatory models were tested, and the ZINB 
model was the one with the lowest AIC value; however, 
caution is needed when considering these models, as the 
AIC values have been reduced slightly compared with 
other models. As a result, it was identified that municipal-
ities that presented a general incidence rate of TB above 
15.3 cases/100 000 inhabitants were associated with TB 
and PNE deaths in children. This is an important indi-
cator that in municipalities with high TB rates, children 
die more due to PNE, again raising questions about the 
possibility of the erroneous diagnosis of PNE.

The results also pointed out that municipalities with 
a Gini Index greater than 0.49 had an association with 
mortality due to TB and PNE. According to Brazil’s 
Institute for Applied Economic Research,35 among the 
main infectious diseases considered neglected, such as 
TB, because they have as a characteristic the involve-
ment, mainly, of the most vulnerable and socially disad-
vantaged population, the development of new drugs is 
not a priority for the pharmaceutical industries when 
compared with others that can be more profitable. In this 
way, the character of infectious diseases as a disease of the 
poor strongly associated with social stigma still prevails.

In an inverse relation, the final model indicated that 
municipalities with BAC above 96.4% are associated with 
deaths from TB and PNE. Being close to the primary 
care unit, waiting time for consultation, bonding with the 
health team, provision of supplies and human resources, 
and the presence of a Family Health Strategy team are 
factors that are positively associated with the detection 
of TB cases.36 In addition, a study36 conducted in Brazil 
found an inverse association between BAC and the TB 
detection rate, corroborating the results of the present 
study, which may indicate the effect that primary care has 
on TB control through the identification and early-onset 
treatment.

Finally, the results indicated that municipalities with 
more than 83.2% of families with children receiving BFP 
had an inverse association with PNE deaths. Public social 
protection policies have placed Brazil on the world stage 
in relation to disease control, and studies have already 
verified that the BFP has alleviated socioeconomic 
inequalities in the country.37

Contact tracing and TB prevention in children are 
absolutely necessary to avoid new episodes and fatalities. 
They must be linked to appropriate care, ensuring the 
success of treatment and survival. In the long term, it is 
also required in terms of TB prevention strategies not 
only to identify TB disease earlier, or even rule out this 
diagnosis, but to prevent it, tackling its determinants such 
as higher illiteracy rates, violence against children, infant 
work, poor sanitation, housing conditions and greater 
difficulty in accessing health services at all levels of care.4

The main limitation of an ecological study is the ecolog-
ical fallacy, in which the relationship between the expo-
sure factor and the event may not occur at the individual 
level. This bias can happen when drawing an erroneous 
conclusion about an association found between variables 
at the aggregate level that does not necessarily repre-
sent an association at the individual level. It is also worth 
mentioning the use of secondary data sources that can 
lead to incomplete data or typos.

The use of tools and methods of spatial analysis in 
public data has been emphasised in public health since, 
in addition to considering the information of the object 
under study, it also takes into account the place of occur-
rence of facts becoming strategies increasingly useful for 
epidemiological surveillance evaluation of health services, 
urbanisation and the environment.38 Future studies may 
consider the methods used as a reference, but the authors 
point to the need to test other types of methodologies to 
identify other determinants and also to validate the rela-
tionships found in the present result.

CONCLUSIONS
This study may become a reference for the definition 
of strategies at the national level to prioritise states or 
municipalities for investments aimed at reducing deaths 
from TB and pneumonia. This study is also the first with 
national coverage and aligns with two equally important 
goals: the 2030 agenda of the Pan American Health Orga-
nization, specifically vested in reducing child mortality 
and poverty, and the ‘end TB’ strategy, whose main task 
is to reduce inequalities in the population’s access to 
health services and reduce preventable deaths, mainly in 
children.
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