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a  b  s  t  r  a  c  t

Background:  Geospatial  Intelligence  and  Health  Analysis  have  been  used  to identify  tuberculosis  (TB)
hotspots  and  to  better  understand  their  relationship  to social  and  economic  factors.  The  purpose  of  this
study  was  to use geospatial  intelligence  to assess  the  distribution  of  TB  and  its  correlations  with  Human
Development  Index  (HDI)  in  a  city  with  high  TB  incidence  in  Brazil.
Methods:  We  conducted  an ecological  study,  using  National  System  of  Information  on  Noticeable  Disease
(SINAN)  to  identify  TB cases. Geocoding  was  performed  using  QGIS  2.0  software  and  Google  Maps  API 3.0.
We applied  geospatial  intelligence  to  detect  where  in the  city  clustering  of  TB  cases  occurred,  and  assessed
the  association  of an  area’s  HDI  (each  one  of  the  components  — longevity,  education,  and  income)  with
TB  spatial  distribution.
Results: During  the study  period  (2011–2013),  there  were  737  TB  cases.  TB cases  showed  heterogeneity
across  the  29 neighborhoods.  The  neighborhoods  with  HDI-income  lower  than  the  mean  had  higher  TB

incidence  (p  =  0.036).
Conclusions:  We  found  several  hotspots  of  TB  across  the 29  neighborhoods,  and  an  inverse  association
between  HDI-income  and  TB incidence.  These  findings  provide  useful  information  and  may  help  to  guide
TB control  programs.

©  2019  The  Authors.  Published  by Elsevier  Limited  on  behalf  of King  Saud  Bin Abdulaziz  University
 Scien
for  Health

ntroduction

Despite increasing treatment success rates, tuberculosis (TB)
ontinues to spread worldwide. The World Health Organization
WHO) estimates that, in 2015, 10.4 million people developed TB
nd more than 1 million died by the disease [1]. Brazil is ranked
8th among the 22 high-TB burden countries, accounting for 33%
f the estimated cases in Americas [2]. This scenario is due to sev-

ral factors, most of them related to economic and social issues such
s poverty, drug addiction and a lack of access to health programs
1,2].

∗ Corresponding author at: Universidade Federal do Rio Grande do Sul, Rua Ramiro
arcelos 2350, sala 2050, CEP 90035-903, Porto Alegre, RS, Brazil

E-mail address: denise.rossato@terra.com.br (D.R. Silva).

ttps://doi.org/10.1016/j.jiph.2019.03.012
876-0341/© 2019 The Authors. Published by Elsevier Limited on behalf of King Saud Bi
C  BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
ces.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

TB epidemiology is influenced by geographic and social factors.
The social and economic dimensions of a country are based on the
health of people, their level of education attainment and their stan-
dard of living, which are the components of Human Development
Index (HDI). Spatial analytics in epidemiology is useful in iden-
tifying vulnerable populations and geographic areas of TB [3–6].
Understanding the variations in TB prevalence across geographic
regions is effective to plan interventions focused on TB control
[7].

In recent years, Web  technologies and spatial data infrastruc-
tures (SDI) have emerged as useful tools to visualize and analyze the
spatial patterns of several diseases, including TB [7–12]. Techniques

of geospatial intelligence [8,13,14], for example, spatial analytics,
have been used to identify geospatial hotspots of TB and to bet-
ter understand its relationship with social and economic factors
[7,11,12]. Little attention has been paid to geographic variation

n Abdulaziz University for Health Sciences. This is an open access article under the

https://doi.org/10.1016/j.jiph.2019.03.012
http://www.sciencedirect.com/science/journal/aip/18760341
http://www.elsevier.com/locate/jiph
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jiph.2019.03.012&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:denise.rossato@terra.com.br
https://doi.org/10.1016/j.jiph.2019.03.012
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


6 n and

o
g
r
B

M

S

t
d
(
A
e
C
c
o
o
t
i
t
T
t
i
r
v

T

I
T
i
e
a
t
c
T
a
D
d

R
i
u
a
i
s
o

H

o
H
P
t
d
d
d
a
d
m

For the hotspot map, we  used adaptative radial quadratic
kernel algorithm; this was  performed using TerraView 5.3.2. Soft-
ware (National Institute of Space Research — Instituto Nacional de
Pesquisas Espaciais, INPE). According to the developers of this soft-

Table 1
Characteristics of study population.

Variables Year 1
n = 326

Year 2
n = 218

Year 3
n = 193

Total
n = 737(%)

Demographic characteristics
Male sex 199 142 123 464 (63)
White 276 176 164 612 (83.1)
<8  years of schooling 143 127 112 382 (51.8)

Input type
New case 265 178 169 612 (83)
Relapse 28 23 18 69 (9.4)
Retreatment 33 17 6 56 (7.6)

Radiographic pattern
Typical of TB 306 209 192 707 (95.9)

Forms of TB
Isolated pulmonary TB 242 166 166 574 (77.9)
Isolated extra pulmonary TB 79 44 28 151 (20.5)
Pulmonary + extra pulmonary TB 5 6 1 12 (1.6)

Laboratory tests
Smear-negative sputum 87 42 34 163 (22.1)
Culture-positive sputum 2 2 6 10 (1.4)

Comorbidities
HIV positive 31 52 34 177 (24.0)

Outcome
82 M.  Gehlen et al. / Journal of Infectio

f TB prevalence in Brazil. The objective of this study was to use
eoprocessing Web  Services to evaluate TB distribution and its cor-
elations with HDI components in a city with high TB incidence in
razil.

ethods

tudy design and location

We  conducted an ecological study, using geospatial intelligence
echniques [8,13,15], to assess the correlation between TB inci-
ence rates and the HDI in the city of Canoas during three years
2011–2013). Canoas is located in the metropolitan area of Porto
legre, a city in Southern Brazil; Porto Alegre has the fourth high-
st TB incidence in Brazil (80.4 cases/100,000 inhabitants) [2].
anoas has a population of 323,827 inhabitants, and is the 17th
ity with the highest TB incidence in Brazil. The city is comprised
f 29 municipalities (neighborhoods), with a population density
f 2613.59 inhabitants/km2 [16]. Canoas is considered a commuter
own (or bedroom town), that is, many Canoas’ residents work
n Porto Alegre (the capital), but live and sleep in Canoas. Given
he geographical proximity with a city with a high incidence of
B and the fact of being a commuter town, we think it is impor-
ant to conduct this study in Canoas, once those two cities have
nterchangeable characteristics. This study was approved by the
esearch ethics committee of Lutheran University of Brazil (Uni-
ersidade Luterana do Brasil – ULBRA) (number 2011-340H).

B information

We  used the information contained in the National System of
nformation on Noticeable Disease (SINAN) to identify the cases of
B. SINAN is a database of the Brazilian government which stores
nformation concerning all notifiable infectious and contagious dis-
ases. TB is a compulsory notification disease is Brazil. So that, for
ll patients starting TB treatment, doctors, including those from
he Department of Tisiology, Canoas Secretariat of Health, should
omplete the SINAN form, which is then typed in SINAN database.
o avoid under-reporting (data that are in SINAN form but not
lready on SINAN database), we reviewed both SINAN form (from
epartment of Tisiology, Canoas Secretariat of Health) and SINAN
atabase.

For the incidence calculation we selected all new cases of TB.
eadmissions after treatment abandonment and relapses were not

ncluded. The following data were collected from patient records
sing a standardized data extraction tool: demographic data (sex,
ge, and years of schooling), clinical form of TB (isolated pulmonary,
solated extra pulmonary, and pulmonary + extra pulmonary), HIV
tatus, acid-fast bacilli smear, culture, chest X-ray, and treatment
utcomes (cure, default, death).

uman Development Index (HDI)

The Human Development Index (HDI) is a composite statistic
f health, education and income indicators created in 1990 for the
uman Development Report of the United Nations Development
rogramme. The HDI was  created to emphasize that people and
heir capabilities should be the ultimate criteria for assessing the
evelopment of a country, not economic growth alone. The health
imension is assessed by life expectancy at birth; the education

imension is measured by mean of years of schooling for adults
ged 25 years and more and expected years of schooling for chil-
ren of school entering age. The standard of living dimension is
easured by gross national income per capita. The index ranges
 Public Health 12 (2019) 681–689

between 0 (minimum value) and 1 (maximum value), and are cal-
culated according to technical notes [17,18].

Geospatial intelligence

Geospatial intelligence is the ability to solve problems through
spatial relations, which support spatial analysis techniques such
as geocoding [13–15]. Geocoding is a computational tech-
nique of transforming a description of textual information as
addresses to a location on the Earth’s surface, that is, spatial
representation in numerical coordinates. Geographic information
systems (GIS) can be defined as a set of tools for collect-
ing, processing, managing and presenting spatial information
technologies [19].

Participants were geocoded using their postal address (geo-
graphical coordinates of place of residence). We  used demographic
data from Brazilian Institute of Geography and Statistics (IBGE,
Instituto Brasileiro de Geografia e Estatística)  [16]. Geocoding
was performed using the free software QGIS 2.0 (Quantum GIS
Development Team, 2013) with the extension MMQGIS  (http://
michaelminn.com/linux/mmqgis/) containing a Python geocoding
plugin making it easy to use the Google Maps API. We  applied GIS
technology to detect where in the city clustering of TB cases may  be
occurring [8,13–15]. We also evaluated the association of an area’s
HDI (each component — longevity, education and income) with the
spatial distribution of TB. The maps were made using kernel den-
sity measurements (KDE). KDE is a non-parametric way, described
by Silverman [20], to estimate the probability density function of
a random variable. This spatial method is one of the most widely
used techniques for generating hotspot maps as smooth continuous
surfaces. The technique has been shown to have advantages over
other methods of aggregating point data, such as spatial clustering
[21–23].
Cure 257 172 154 586 (79.5)
Dropout of treatment 34 18 6 59 (8.0)
Deaths from other causes 10 4 4 18 (2.4)
Deaths from TB 5 6 4 15 (2.0)

http://michaelminn.com/linux/mmqgis/
http://michaelminn.com/linux/mmqgis/
http://michaelminn.com/linux/mmqgis/
http://michaelminn.com/linux/mmqgis/
http://michaelminn.com/linux/mmqgis/
http://michaelminn.com/linux/mmqgis/
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are, adaptative quadratic kernel takes into account the distance

ariation and area. Therefore, it is not necessary to predefine a
istance threshold or a number of nearby neighbors, because the
lgorithm itself makes these settings.

Fig. 1. Distribution of tuberculosis cases, 201

ig. 2. Spatial autocorrelation of TB incidence. Not significant: not a part of a cluster; high–
igh  TB incidence; low–high: spatial outlier — neighborhoods with low TB incidence surro
ith  high TB incidence surrounded by a cluster of low TB incidence.
 Public Health 12 (2019) 681–689 683

Spatial patterns of disease prevalence were compared using the

spatial clustering statistics Moran’s I. Moran’s I is a global index
of spatial autocorrelation that is used to assess the similarity (or
spatial dependence) observed among a neighborhood and its neigh-

1–2013. Hotspots are identified in red.

high: hotspots — neighborhoods with high TB incidence surrounded by a cluster of
unded by a cluster of high TB incidence; high–low: spatial outlier — neighborhoods
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Table  2
Characteristics of the 29 neighborhoods.

Neighborhood Population Demographic
density

TB cases TB incidence/
100,000 hab

TB/HIV
(%)

HDI
total

HDI
income

HDI
education

HDI
longevity

1.Niterói A 23,395 8011.81 81 346 28.16 0.75 0.744 0.651 0.87
2.Estância Velha/Olaria 33,142 4626.53 68 205 15 0.719 0.719 0.619 0.836
3.Mathias Velho B 15,414 6636.24 62 402 20.96 0.725 0.719 0.635 0.834
4.Mathias Velho/Harmonia 21,312 10,392.96 61 286 29.09 0.595 0.64 0.424 0.775
5.Mathias Velho A 17,371 3119.10 42 242 23.07 0.693 0.703 0.583 0.812
6.Rio  Branco A 11,113 9028.56 32 288 21.87 0.729 0.73 0.625 0.85
7.Harmonia A 14,254 160,564.14 30 210 17.24 0.654 0.664 0.535 0.788
8.Harmonia B 13,552 10,120.28 27 199 33.3 0.765 0.739 0.699 0.865
9.Rio  Branco/Fátima/Mato Grande 11,550 25,109.77 24 208 8.69 0.615 0.648 0.461 0.777
10.Marechal Rondon/Nossa Senhora

das Graç as/Estância Velha
23,414 2467.24 24 103 22.72 0.893 0.897 0.866 0.918

11.Niterói/Fátima 13,925 5414.41 22 158 15 0.817 0.819 0.731 0.911
12.Niterói B 6,642 1901.79 22 331 15.79 0.615 0.648 0.461 0.777
13.Igara/São José 20,863 1125.83 18 86 18.75 0.85 0.841 0.8 0.912
14.Centro 13,158 5324.97 15 114 23.07 0.896 0.91 0.859 0.921
15.Nossa Senhora das Graç as 7,800 772,47 15 192 42.85 0.846 0.854 0.776 0.915
16.São  Luís/industrial/São José 4,634 218,26 15 324 0 0.729 0.73 0.625 0.85
17.Guajuviras B 24,933 10,890.50 14 56 27.27 0.713 0.699 0.642 0.809
18.Rio  Branco/Fátima 7,823 114,996.13 12 153 30 0.729 0.73 0.625 0.85
19.Mato Grande A 3,329 13,540.58 9 270 0 0.729 0.73 0.625 0.809
20.Guajuviras A 14,027 1686.75 7 50 50 0.6 0.618 0.464 0.85
21.Centro/Mathias Velho 3270 4192.31 6 183 33.3 0.777 0.767 0.687 0.85
22.Fátima 4042 4055.41 5 124 0 0.777 0.767 0.687 0.754
23.Harmonia C 5029 787,00 5 99 0 0.846 0.854 0.776 0.891
24.Mato Grande B 4,278 4,679.24 3 70 0 0.777 0.767 0.687 0.891
25.Rio  Branco B 681 44,01 2 294 0 0.846 0.854 0.776 0.915
26.Rio  Branco C 3,020 1,452.14 1 33 0 0.846 0.854 0.776 0.891
27.São  Luís 377 12,465.05 0 0 0 0.6 0.618 0.464 0.915
28.Harmonia/Centro 817 966,85 0 0 0 0.6 0.618 0.464 0.754
29.Mato Grande/Nossa Senhora das

Graç as
662 432,05 0 0 0 0.777 0.767 0.687 0.891

Fig. 3. Tuberculosis incidence according to HDI-income.
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Fig. 4. Tuberculosis incide

oring units [24]. A Moran’s I value >0 indicates that there are
eighborhoods with similar TB incidence located close together.
oran’s I < 0 indicates that neighboring areas have dissimilar val-

es. p < 0.05 indicates the presence of spatial autocorrelation. This
an identify hotspots, cold spots, and spatial outliers. Spatial out-
iers represent neighborhoods with TB incidence that is discrepant
rom the neighboring areas. Using this analysis, neighborhoods will
all into one of 5 categories: (1) not significant (not a part of a
luster); (2) hotspot: neighborhoods with high TB incidence sur-
ounded by a cluster of high TB incidence (high-high); (3) cold
pots: neighborhoods with low TB incidence surrounded by a
luster of low TB incidence (low-low); (4) spatial outlier: neigh-
orhoods with high TB incidence surrounded by a cluster of low
B incidence (high-low); and (5) spatial outlier: neighborhoods
ith low TB incidence surrounded by a cluster of high TB incidence

low-high).

tatistical analysis

Data analysis was also performed using SPSS 18.0 (Statistical
ackage for the Social Sciences, Chicago, Illinois). Data were pre-
ented as number of cases, mean ± standard deviation (SD), or
edian with interquartile range (IQR). The correlation between
DI-longevity, education, and income and TB incidence were eval-

ated by Spearman correlation test. For comparative analysis of TB

ncidence, we considered the mean of each component and cate-
orized them as lower as or higher than the mean. A p-value <0.05
as considered statistically significant.
cording to HDI-education.

Results

During the study period, there were 737 TB cases (326 in 2011,
218 in 2012 and 193 in 2013). However, only 633 TB cases were
found after geocoding. Out of these patients, 11 were excluded
because they were out of Canoas’ geographic limits. Then 622 TB
cases were included in the analyses. The characteristics of the
study population were shown in Table 1. The TB incidence in the
city for the three years was  58.36 cases/100,000 inhabitants (75.4
cases/100,000 inhabitants in 2011, 49.1 cases/100,000 inhabitants
in 2012, and 50.95 cases/100,000 inhabitant in 2013).

The TB cases showed heterogeneity across the 29 neighbor-
hoods. In the hotspot map (Fig. 1) we can identify that the areas
of high TB incidence rate (in red) were located in the neighbor-
hoods NiteróiA, Estância Velha/Olaria and Mathias VelhoB. There
was positive spatial autocorrelation in TB incidence (Moran’s I:
0.15; p < 0.05). Fig. 2 shows statistically significant clustering of
neighborhoods into hotspots and spatial outliers.

Table 2 shows the demographic density, TB incidence, TB/HIV
coinfection rate, and the HDI (total, income, education, and
longevity) of the 29 neighborhoods. The demographic density was
not significantly correlated with TB incidence (r = 0.183; p = 0.341).

The mean HDI-income, -education, and -longevity were
0.75 ± 0.09, 0.65 ± 0.13, and 0.85 ± 0.05, respectively. Figs. 3–6
show the HDI maps (income, education, longevity, and total)

according to TB incidence. The neighborhoods with HDI-income
lower than the mean had higher TB incidence (210.0 ± 122.6
cases/100,000 hab. vs 121.3 ± 78.2 cases/100,000 hab.; p = 0.036).
The neighborhoods with HDI-education lower than the mean had
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Fig. 5. Tuberculosis incidence according to HDI-longevity.
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lso a higher TB incidence (125.6 ± 32.4 cases/100,000 hab. vs
4.9 ± 25.4 cases/100,000 hab.), although this difference was  not
tatistically significant (p = 0.169). In addition, the neighborhoods
ith HDI-longevity lower than the mean tended to have higher

B incidence (212.2 ± 117.1 cases/100,000 hab. vs 149.6 ± 108.2
ases/100,000 hab.); however, this difference was  not statisti-
ally significant (p = 0.154). Fig. 7 shows the box plots of TB
ncidence by categories of HDI (total, education, income, and
ongevity).

iscussion

In this ecological study, we evaluated, using geospatial intelli-
ence, the association between TB incidence rates and the HDI in a
ity with high incidence of TB.

We found that TB cases showed heterogeneity across the 29
eighborhoods. In addition, the neighborhoods with HDI-income

ower than the mean had higher TB incidence.
The use of geospatial data in health is not a novelty. However,

ecent developments in geospatial intelligence might add to the
ndings of previous studies, making it possible, for example, to
eocode incidence cases. The creation of GIS software in particu-
ar allows recognizing geographic patterns in population. Health
eography and the application of geospatial data and techniques

ontinue to expand its influence and use to support more accurate
nd timely decision-making in the healthcare market. Comprehen-
ive location-based information is essential to define priorities and
n decision-making process [25,26].
Geospatial intelligence has been applied to analyze and visualize
the spatial patterns of TB. Geospatial intelligence, when integrated
with surveillance information data, can be used to identify hotspots
of TB [3,4,27]. Understanding such spatial variations in TB inci-
dence is effective to plan TB control and can be useful for health
managers to formulate targeted interventions [5,27]. In the present
study, we identified heterogeneity among the 29 neighborhoods,
with several hotspots of TB, as shown in Fig. 1. Is was  not sur-
prising that the population in these areas all share common risk
factors for TB, like low socioeconomic level, and agglomeration of
population, and this was  already demonstrated in previous studies
[5,28]. In a retrospective study [28] aimed to evaluate the spatial
and non-spatial determinants of successful tuberculosis treatment
outcomes, the authors found that the spatial clusters of TB cases
were concentrated in older, impoverished and outskirts areas. In
another study [5], the proportion of minorities and per capita gross
domestic product were strong predictors of TB hotspots in some
regions.

Also, we  identified two spatial outliers: one neighborhood with
high TB incidence surrounded by a cluster of low TB incidence
(high–low); and one neighborhood with low TB incidence sur-
rounded by a cluster of high TB incidence (low–high) (Fig. 2).
One study conducted in China [29], to evaluate the meteorological
determinants of TB incidence, also demonstrated spatial outliers

(low–high and high–low). The identification of spatial outliers can
help to develop future researches to better understand why  and
what factors could be related to those differences in TB incidence
in neighboring areas.
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Fig. 6. Tuberculosis incidence according to total HDI.
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Neighborhoods with HDI-income lower than the mean had
igher TB incidence in our study (Figs. 3 and 7). Tuberculosis is
nown to be a marker of social inequities due to precarious liv-
ng conditions [30,31]. In a study conducted in the low-income
outh African township of Rhini, social capital, overcrowding,
nd poor housing quality were associated with TB prevalence
32]. Other authors demonstrated that TB patients with lower
ousehold income were at greater risk of poor TB treatment out-
omes [33]. Previous studies have also shown that low income
ay  increase the risk of treatment default among TB patients

34,35].
The neighborhoods with HDI-education lower than the mean

ad also a higher, although not statistically significant, TB incidence
Figs. 4 and 7). Poor educational level is negatively correlated with
ealth in general [32]. However, inequalities in TB are driven by
he unequal distribution of several social determinants not only
ducation, such as nutrition, adequate housing, environmental con-
itions, employment, etc [36,37]. In addition, we  found that those
eighborhoods with HDI-longevity lower than the mean tended
o have higher TB incidence, although the difference was not sig-
ificant (Figs. 5 and 7). In fact, the more disadvantaged a country

s in terms of life expectancy at birth, the higher its TB incidence
ate would be in Ref. [31]. On the other hand, one of the phys-
ological systems most affected by aging is the immune system.

he clinical expression of so-called immunosenescence depends
n the presence of comorbidities and exposures to other environ-
ental factors or infections. It results from limited T-cell clonal
expansion and involution of the thymus, with consequent T-cell
dysfunction. In some regions, the designation of the group at the
highest risk for developing active TB has shifted to the elderly
[38,39].

Our study has some methodological limitations. First, this is an
ecological study in which the variables were measured in groups
rather than at the individual level, therefore we cannot make infer-
ences on the individual level from data collected on an aggregate
level. Second, we cannot exclude the possibility of missing cases or
underreport of TB cases from the data obtained from government’s
surveillance system database. Also, due to the small sample size, the
study findings that only neighborhood differences in HDI-income
were associated with TB incidence may  not accurately reflect the
true picture of TB incidence in Canoas, where HDI-education and
HDI-longevity may  also be significant neighborhood risk factors
for TB incidence. In addition, the study period was short. Further-
more, we  did not determine the degree to which the context of
each small area in relation to neighboring areas, affected the local
rate of TB incidence. Nevertheless, despite these limitations, this
spatial density study reaches its goal to detect “risk” areas with
high concentrations of TB cases (hotspots), and relate them to HDI
components.

In conclusion, we found several hotspots of TB across the 29
neighborhoods of a city with high TB incidence. The neighborhoods

with HDI-income lower than the mean had higher TB incidence.
These findings provide useful information and may help to guide
TB control programs.
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