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Spatial analysis studies of endemic diseases for health surveillance: 
Application of scan statistics for surveillance of tuberculosis 
among residents of a metropolitan municipality aged 60 years 
and above

Atuação da vigilância em saúde para estudos de análises espaciais 
de doenças endêmicas: aplicação da técnica de varredura 
para vigilância de tuberculose em maiores de 60 anos

Resumo  A vigilância em saúde tem como obje-
tivo o acompanhamento dos eventos adversos à 
saúde, estabelecendo metas de prevenção e contro-
le, principalmente para as doenças transmissíveis, 
como a tuberculose. Quando relaciona a tubercu-
lose com a população idosa, tem-se um fatormais 
agravante, devido as peculiaridades dessa popu-
lação que favorecem na transmissão da doença. 
Desse modo, objetivo do trabalho é demonstrar a 
importância da técnica de varredura (estatística 
Scan) para detectar as áreas de aglomerados espa-
ço-temporal da TB. Trata-se de um estudo ecoló-
gico, descritivo, com abordagem quantitativa, com 
uso da técnica de análise espacial, em especifico a 
técnica de varredura. O estudo ocorreu no muni-
cípio de Belém-PA, com 1.134 casos novos de TB 
em idosos no período de 2011 a 2015. Foi utilizado 
o programa SaTScan. A dinâmica da tuberculose 
no município mostrou-se que as áreas de riscos 
coincidiram com os bairros de maior densidade 
populacional, evidenciando as áreas prioritárias 
de maior vulnerabilidade que devem servir para 
nortear as intervenções mais efetivas de acordo 
com a característica do local e da sua população.
Palavras-chave  Tuberculose, Saúde Pública, 
Análise espacial, Epidemiologia

Abstract  Health surveillance aims to monitor 
adverse health events, and to set disease preven-
tion and control goals, especially for communi-
cable diseases, such as tuberculosis (TB). Old-
er people have a higher risk of TB, due to their 
specific characteristics, whichpredispose them 
to infectious disease. Thus, the objective of this 
study was to demonstrate the importance of scan 
statistics for detecting spatiotemporal clusters of 
TB. We conducted a quantitative is an ecological, 
descriptive study, with a quantitative approach, 
using the spatial analysis techniques, specifically 
scan statistics. The study was conducted in the 
municipality of Belém, Pará, in Brazil using data 
on 1,134 new cases of TB diagnosed in individuals 
aged ≥60 years from 2011 to 2015.The data were 
analyzed using SaTScan software. The analysis of 
the spatiotemporal dynamics of TB in the munic-
ipality showed thatthe high-risk areas includedthe 
most densely populated neighborhoods, highlight-
ing the priority of theseareas for disease control 
measures. Spatial analysis can be used to guide 
more effective interventions according to the char-
acteristics of the location and the local population.
Key words  Tuberculosis, Public Health, Spatial 
Analysis, Epidemiology
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Introduction

Endemic diseases, epidemics, and their impact 
on social conditions have long been studied and 
discussed in society. Measures to contain diseas-
es and to minimize their collective impact has 
contributed to the develop “surveillance”. After 
the adoption of the Federal Constitution of 1988 
(Constituição Federal de 1988) and the creation 
of the Unified Health System (Sistema Único de 
Saúde - SUS), health surveillance in Brazil be-
came citizenship action with popular participa-
tion based on a risk approach and on social epi-
demiology1.

One of the fundamentals of health surveil-
lance is epidemiological surveillance, which aims 
to systematically monitor adverse health events 
to qualify control and prevention measures, espe-
cially for communicable diseases2, such as tuber-
culosis, because TB is a respiratory disease.

Epidemiological surveillance advances search 
strategies for respiratory symptoms, not only at 
home but also in social spaces3. Spatial analysis, 
which considers the time and space of diseases, 
is a useful tool for epidemiological surveillance.

TB transmission in urban environmentss-
hows strong spatial determination. A specific 
analysis of transmission distances of Mycobac-
terium tuberculosis determined that the bacillus 
can be transmitted at an average distance of ap-
proximately 2,000 meters from one patient to an-
other in the same spatial cluster, demonstrating 
that transmission most often does not occur at 
the home level4,5.

Due to the increase in life expectancy and 
the aging of the population, TB incidence tends 
to shift toward this population. TB among old-
er individuals is a serious disease because this 
population has immune system specificities that 
favor disease transmission and hinder diagnosis, 
aggravating and potentiating the disease trans-
mission chain6,7.

In 2014, the incidence rate was 34.1/100,000 
inhabitants, and the incidence was 43.4 per 
100,000 inhabitants in the age group of 60 years 
or older. In the state of Pará, the total incidence 
was 42.4 per 100,000 inhabitants in the general 
population, and 87.4 per 100,000 inhabitants in 
the population aged ≥60 years8. Conversely, in 
the capital of the state of Pará, Belém, the inci-
dence of TB was calculated at 96.5 per 100,000 
inhabitants, and the incidence in the population 
aged ≥60 years could not be calculated due to 
the unavailability of population estimates of the 
number of people aged ≥60 years8. As techno-

logical applications in epidemiology advance, a 
new branch of epidemiology emerged, spatial ep-
idemiology, which considers the information of 
time and space in the analysis of epidemic diseas-
es, describing the spatial distribution, health con-
ditions and risk factors, thereby predicting spa-
tiotemporal trends of diseases, such as TB, and 
the relationship of the disease with risk factors9.

In this context, this study aims to demon-
strate the importance of scan statistics for de-
tecting areas of spatiotemporal clusters of TB to 
identify risk areas and, thus, to establish preven-
tion and control measures for this population 
living inrisk area.

Methods

This was a quantitative, ecological, descriptive 
study, conducted using spatial analysis. The study 
area was the municipality of Belém, capital of the 
state of Pará, in the northern region of Brazil. 
Belém has an area of 1,059,458 km², and is di-
vided into 71 neighborhoods, with an estimated 
population of 1,452,275 inhabitants, including 
87,754 aged ≥60 years. The municipality has a 
Municipal Human Development Index (HDI-M) 
of 0.746 (high development)10.

The study participants consisted of 1,134 
people aged ≥60 years with newly diagnosed TB 
recorded in the Notifiable Disease Information 
System (Sistema de Informação de Agravos de 
Notificação - SINAN). All new cases identified of 
TB in people with age over 60 years in the city 
of Belém-PA were utilized. Notification data 
were collected using standard notification forms 
(Fichas de Notificação) provided by the Munic-
ipal Health Department (Secretaria Municipal 
de Saúde) of Belém-PA (SESMA), from 2011 to 
2015 (Figure 1).

The cases were georeferenced using digital 
maps of streets, neighborhoods, lots and house 
numbers provided by the Belém Metropolitan 
Area Development and Administration Com-
pany (Companhia de Desenvolvimento e Admin-
istração da Área Metropolitana de Belém - CO-
DEM) and Google Maps.

The Georeferenced Database (Banco de Da-
dos Georreferenciado) with TB cases, and vectorial 
files provided by CODEM andthe Brazilian Insti-
tute of Geography and Statistics (Instituto Brasile-
iro de Geografia e Estatística - IBGE) were import-
ed to an ArcGIS database to create digital maps.

Scan statisticsare used to identify clusters 
of cases. This technique is defined by a circular 
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scanning window that moves through the area 
of interest, that is, a scanning statistic where the 
circle can include different sets of neighboring 
areas11. This scanning statistic is used to detect 
and evaluate clusters with a temporal, spatial 
and spatiotemporal formation. Spatiotemporal 
and purely spatial analyses were performed using 
SaTScan software (https://www.satscan.org/).

A cluster of cases identified through the 
window may have varying scanning radiuses11. 
However, only some clusters are considered im-
portant. To identify these clusters, the random 
distribution hypothesis was tested using adis-
crete Poisson model (spatiotemporal) and nor-
mal model (purely spatial). The premise of the 

analysis was that the risk of TB among people 
living inside the spatial window was higher than 
that among people living outside the window. 
The Poisson model considered the population of 
the study area. Statistical significance was set at 
p≤0.05.

The study was approved by the Research 
Ethics Committee (Comitê de Ética em Pesquisa 
- CEP) of the Evandro Chagas Institute (Institu-
to Evandro Chagas - IEC). The requirement for 
informed consent was waived because the study 
was based on a retrospective analysis of tubercu-
losis case notification data collected for disease 
surveillance purposes.

Figure 1. Spatial location of Belém neighborhoods showing the municipal human development index and the number of cases of 
tuberculosis in people aged ≥60 years by district.

Source: LabGeo/IEC, 2019.
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Results

Figure 2 shows the most likely locations of clus-
ters of TB among people aged ≥60 years in the 
city of Belém-PA. Figure 2A shows 3 most signifi-
cant purely spatial clusters (p<0.005), and 2 clus-
ters with a lower level of significance (p>0.005 
and p<0.010), all represented by a circular scan-
ning window. Figure 2B shows the spatiotem-
poral representation of cases of TB, with 2 most 
significant (p<0.005) clusters and with one less 
significant cluster (p<0.010).

The clusters of Figure 2A are located far apart. 
Cluster 1 comprises 54 cases with a radius of 1.13 
km, located in the neighborhoods: Mangueirão, 
Benguí, Parque Verde, Cabanagem and Una; and 
has a standard deviation of 1.06 cases, and a like-
lihood ratio of 30.60; that is, people living in lo-
cations inside the circle are 30.60 more likely to 
be diagnosed with TB than those living outside 
the circle.

Cluster 2 comprises 33 cases within a ra-
dius of 0.51 km, located in the neighborhoods: 
Telégrafo, Sacramenta, Miramar, Maracangalha 
and Barreiro; and has a standard deviation of 
1.08 cases. People living in locations inside the 

circle are 1.99 more likely to be diagnosed with 
TB than those living outside the circle.

In contract to Clusters 1 and 2, Cluster 3, 
which comprises 49 cases within a radius of 1.46 
km, includes only one neighborhood, Jurunas. 
People living in locations inside the circle are 
10.75 times more likely to be diagnosed with TB 
than those living outside the circle. Two other, 
less significant clusters are shown in the neigh-
borhoods Pedreira and Tapanã.

Figure 2B shows the spatiotemporal analysis 
in which the largest cluster (4), has a radius of 
4.24 km, covering the entire central region of the 
capital of Pará. The number of cases in this clus-
ter is 263, with 195.75 cases expected. The relative 
risk of the being diagnosed with TB is 1.45 times 
higher among those living in locations inside the 
circle than among those living outside the circle. 
The second cluster (5) 2 with p<0.005 represents 
a small portion of the Tapanã neighborhood, 
with a radius of less than 1 km. There were 6 cas-
es of TB diagnosed among people living in the 
area and the expected number of cases is 0.32. 
The relative risk of TB among people living in-
side the circle is 19.08 times higher than those 
living outside the circle, with p-value of 0.04.

Figure 2. Results from the scan statistics analysis, by cylindrical scanningwindow, using: (A) purely spatial; and 
(B) spatiotemporal models.

Source: LabGeo/IEC, 2019.
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The neighborhood Jurunas, had a more 
significant cluster identified using the purely 
spatial analysis (p<0.005) than the cluster iden-
tified in the spatiotemporal analysis (p>0.005 
and p<0.010). However, in the neighborhood 
Tapanã, the opposite occurred, that is the cluster 
identified in the purely spatial analysis was less 
significant than the one identified using spatio-
temporal analysis.

Figure 3 highlights the neighborhoods in 
which inhabitants havea highly (p<0.005), 
moderately (p>0.005 and p<0.010) and slightly 
(p<0.010) higher risk of being diagnosed with 
TB relative to the other, identifying the neigh-
borhoods. Figure 3B shows the corresponding 
spatiotemporal analysis of TB in the study area. 
The number of neighborhoods with a highly sig-
nificant p-value is higher than that identified in 
the purely spatial analysis shown in Figure 3A.

The spatiotemporal analysis showed that, 
when analyzed over time, almost the entire pop-
ulation of Belém was at risk of being diagnosed 
with TB due to the large spatial dispersion of 
cases over the time, but when analyzed by space 
alone, there were only 10 neighborhoods in 
which the risk of TB was significantly increased.

Table 1 provides the statistical details of clus-
ters that were highly significant in the purely 
spatial and spatiotemporal analyses of TB case 
notifications in the 2011-2015 period.

The capital of Pará is heterogenous regarding 
its human development index (HDI). Accord-
ing to the 2013 United Nations Development 
Program (UNDP) figures12; the neighborhoods 
with the highest HDI are located in the central 
region of the capital (Batista Campos, Campi-
na, Cidade Velha, Cremação, Fátima, Jurunas, 
Nazaré, Pedreira, Reduto, São Braz and Umari-
zal) and the neighborhoods with the lowest HDI 
are located in the extreme south, near Baía do 
Guajará, and in the far north, including Outeiro 
and Mosqueiro. According to the UNDP, the 10 
most populous neighborhoods in Belém, were, in 
decreasing order: Guamá, Pedreira, Marambaia, 
Tapanã, Marco, Jurunas, Terra Firme, Coqueiro, 
Sacramenta, and Telégrafo.

The first highly significant cluster identified 
by the purely spatial analysis was not located in 
any of the densely populated neighborhoods; the 
second was located in 2 densely populated neigh-
borhoods (Telégrafo and Sacramenta); and the 
third was located in the neighborhood Tapanã, 

Figure 3. Results from the scan statistics analysis, by Belém neighborhood, in Pará (PA), using: (A) purely spatial 
and (B) spatiotemporal models.

Source: LabGeo/IEC, 2019.

 

Neighborhoods

Municipalities

P-value
< 0.005

< 0.010

> 0.010

Cases of TB

Geographic-SIRGAS 2000
Source: IBGE and SINAN

48º26'0''W48º28'0''W48º30'0''W

1º 22
'0

''S
1º 24

'0
''S

1º 26
'0

''S
1º 28

'0
''S

1º 20
'0

''S

48º26'0''W48º28'0''W48º30'0''W

1º 22
'0

''S
1º 24

'0
''S

1º 26
'0

''S
1º 28

'0
''S

1º 20
'0

''S



5154
M

es
qu

it
a 

C
R

 e
t a

l.

which has one of the lowest HDIs of the districts 
within the municipality.

In the spatiotemporal analysis, the cluster 
with the highest significance comprised 6 of the 
most populous neighborhoods (Telégrafo, Pe-
dreira, Marco, Guamá, Terra Firme and Sacra-
menta). The neighborhood Tapanã was included 
in the second highly significant cluster.

Discussion

Although methods of TB diagnosis, prevention, 
and treatment have been known for years, Brazil 
still has high incidence rates of the disease. 

Belem-PA remains as a city with a high oc-
currence of TB, with the disease frequency only 
lower than Manaus-AM along the north region 
of Brazil. With the increase in life expectancy 
over the last decades, the number of people aged 
60 years or older has become larger than ever13. 

This group of people is more vulnerable to 
diseases, especially in areas with low HDI. This 
study’s results show that TB cases in elderly peo-
ple have a higher frequency in neighborhoods 
with lower HDI and lower population density. 
This show that TB is an important disease in 
Belém, especially among the ≥60 years age group, 
because the incidence in this population is higher 
than in the total population. The World Health 
Organization (WHO) aims to reach an incidence 
target of 10 cases per 100,000 inhabitants, which 
is still far from being achieved14. The popula-
tion aged ≥60 years is a key study group because 
health conditions among individuals in this age 
group can have a marked effect on life expectan-
cy, and in addition to a higher proportion of the 
older population has latent Mycobacterium tu-
berculosis infection, which can be endogenously 
reactivated in association with chronic diseases. 
Timely disease diagnosis in elderly to avoid TB 
dissemination is also complicated.

In this context, spatial analysis makes it pos-
sible to identify risk areas, as a means to system-
atically monitor the factors that contribute to the 
transmission of TB and to support control and 
prevention measures2. Spatial clustering analysis 
is valuable in identifying geographic foci of in-
fection in infectious disease epidemics15.

Scan statistics, developed by Kulldorfin16 are 
used to identify clusters of cases of adisease using 
different scanning radiuses and test for clusters 
using a null hypothesis that clusters of cases oc-
cur randomly in the study area as a whole. The 
cylindrical scanningwindow contains georefer-
enced cases and the radius increases according to 
the number of cases of that area16,17.

Therefore, this technique makes it possible to 
determine spatial locations where an event oc-
curs more or less frequently than expected. Other 
studies15,17-19 have used this technique to identify 
geographic areas where the risk of specific diseas-
es is higher in order to flag these areas as targets 
for interventions in planning disease prevention 
and control measures.

In this study, the purely spatial analysis 
showed that risk areas overlapped with the 
neighborhoods that had the highest population 
density. Roza et al.20 reported that a high house-
hold density, specifically overcrowded and poorly 
ventilated homes, facilitates TB transmission. In 
addition, delayed diagnosis which is common in 
the older population, is more common among 
people living in areas with a high household den-
sity. Silva et al.21 reported that household density, 
income and education may explain differences in 
transmission areas according to geographic area.

Lima et al.22 also conducted a study in Belém-
PA, and identified neighborhoods with a higher 
incidence of TB. These included Val-de-Cães, 
Jurunas, Cremação, Fátima, Telégrafo, Pratinha, 
Sacramenta and Umarizal. Corroborating this 
study, the neighborhoods Jurunas, Telegrafo and 
Sacramenta were identified as areas at risk for 

Table 1. Statistics of clusters of TB cases with p<0.005 in the city of Belém-PA, 2011-2015.

Analysis Number of cases Radius (km) LR P-value

1-PS 54 1.13 30.90 0.001

2-PS 33 0.51 13.99 0.001

3-PS 49 1.46 10.75 0.007

4-ST 263 4.24 12.89 0.022

5-ST 6 <1.0 11.99 0.043

Abbreviations: PS: purely spatial; ST: spatiotemporal; LR: likelihood ratio.

Source: Elaborated by the authors. 
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TB. It would be useful to conduct further stud-
ies in these high-risk neighborhoods aimed at 
identifying factors accounting for the increased 
incidence of TB. Importantly, the risk of TB may 
have been under-estimated in neighborhoods 
that were not included in the risk scanning win-
dows due to case underreporting, which remains 
a problem in Brazil23.

This study has potential limitations due to 
underreporting reported by the Notification 
Forms of SINAN and incomplete patient’s ad-
dress in the form. The forms’s limitations to the 
study should highlight, especially to health pro-
fessionals, the importance of the correct notation 
of each case for future studies.

Conclusion

Although TB is an ancient disease, it remains the 
most common notifiable infectious disease in 
Brazil. The clustering of cases of TB in geographic 
space and time, described in this study, highlights 
the need for new disease prevention and control 

strategies, especially in high-risk geographic ar-
eas identified by the scanning technique.

Spatial analysis, complemented by other tech-
niques, supports health surveillance in detecting 
priority geographic areas of higher vulnerability, 
and guides the choice of the most effective inter-
ventions according to the characteristics of the 
site and its population.

Studies using spatial analysis combined with 
the scanning technique have advanced the un-
derstanding of TB dynamics considerably, show-
ing that this disease is not transmitted randomly 
but instead through risk clusters, suggesting a 
relationship between TB and the geographical 
space. These results corroborate previous studies 
on the association of this disease with socioeco-
nomically vulnerable populations.

Further studies of the scanning technique are 
needed for a better understanding of TB distri-
bution and dynamics, especially in the older pop-
ulation. The results of this study can be used for 
improved planning of health policies and health 
surveillance strategies.
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