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ABSTRACT

Introduction: The objective was to identify space and space-time risk clusters for the occurrence of deaths in a priority city for
the control of tuberculosis (TB) in the Brazilian Northeast. Methods: Ecological research was undertaken in the City of Sao Luis/
Maranhdo. Cases were considered that resulted in deaths in the population living in the urban region of the city with pulmonary TB
as the basic cause, between 2008 and 2012. To detect space and space-time clusters of deaths due to pulmonary TB in the census
sectors, the spatial analysis scan technique was used. Results: In total, 221 deaths by TB occurred, 193 of which were due to
pulmonary TB. Approximately 95% of the cases (n=183) were geocoded. Two significant spatial clusters were identified, the first
of which showed a mortality rate of 5.8 deaths per 100,000 inhabitants per year and a high relative risk of 3.87. The second spatial
cluster showed a mortality rate of 0.4 deaths per 100,000 inhabitants per year and a low relative risk of 0.10. A significant cluster was
observed in the space-time analysis between 11/01/2008 and 04/30/2011, with a mortality rate of 8.10 deaths per 100,000 inhabitants
per year and a high relative risk (3.0). Conclusions: The knowledge of priority sites for the occurrence of deaths can support public
management to reduce inequities in the access to health services and permit an optimization of the resources and teams in the control
of pulmonary TB, providing support for specific strategies focused on the most vulnerable populations.
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for patients and their families, deaths from TB would be less
common®®.

INTRODUCTION

Considered a social disease®, TB should be studied from a

Tuberculosis (TB) is one of the main causes of death among
infectious contagious diseases and occurs mainly in developing
countriesV. In 2012, 1.3 million people died of TB worldwide.
Brazil ranked 16" in the number of cases and 109" in terms of
incidence rate'”, with 36.1 cases per 100,000 inhabitants and a
mortality rate of 2.4 deaths per 100,000 inhabitants®.

It is notable that among the clinical forms of the disease,
pulmonary tuberculosis (PTB) is on the list of avoidable
causes of death because if the local health services established
appropriate health promotion, protection and recovery actions

Address to: Dr. Marcelino Santos Neto. CCSST/UFMA. R. Urbano Santos s/n,
65900-410 Imperatriz, MA, Brasil.

Phone: 55 99 3221-7600.

e-mail: marcelinosn@gmail.com

Received 28 November 2014

Accepted 10 February 2015

microregional, local and focal viewpoint, according to the spatial
distribution®. Therefore, a geo-epidemiological approach to the
disease, using geoprocessing techniques, has been adopted in the
international sphere® @ ®©@ 10 IHADANAHAHAO U7 Nevertheless,
the introduction of this technology to support the action planning
and decision making of health managers and workers is still
restricted'®.

In Brazil, a series of studies was undertaken that considered
the incidence of the disease and undoubtedly contributed
to a better understanding of its dynamics in distinct
territories(!? G0 CHEAEHEHEHCO DAY However, few studies have
considered other indicators of disease progress and/or impact in
communities, such as deaths by PTB®? G0 GD,

Considering the newly approved target of the World Health
Organization (WHO)®? to reduce deaths from TB by 95% by
2035, and considering that TB mortality studies permit detection
of flaws in the health system® and permit a more in-depth
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understanding of the transmission of this disease®?, it is relevant
to conduct research to determine population areas or segments
atgreater risk of death from PTB.

There is evidence that deaths have not occurred independently
or randomly across territories but tend to cluster in specific
regions where there is a lack of social support networks and
low human and social development®> 9,

Identifying problems in an environment or population and,
in turn, assessing the risks involved are key steps to define a
management program for these events. In view of the different
conceptions of risk, the definition by Gondim®” was chosen,
which considers risk as the probability that an event will occur
and the magnitude of damage or social consequences for a
group or a community.

Based on the above background, the objective of this study
is to understand some determinants of the TB transmission
chain and to survey risk areas for deaths and therefore for
vulnerable populations. This effort will support the workers
and managers in making health decisions and planning. The
approach consists of identifying space and space-time risk
clusters for the occurrence of deaths in a priority city for TB
control in Northeast Brazil.

METHODS

Ecological research was undertaken in the Cty of Sdo Luis,
the state capital of Maranhao, in the Northeast of Brazil.

Located in the north of the state, between the bays of Sao Marcos
and Sao José de Ribamar, on the Isle of Maranhdo, popularly
known as the Isle of Sao Luis, Sdo Luis (Figure 1)®®occupies
the Western part of the Isle, between the geographical coordinates
2° 31" 51"latitude South and 44° 18’ 24" longitude West, with an
area of 834.8km? and a population of 1,014,837 inhabitants®”.

Considered a priority city for TB control in Brazil, in 2012,
Sao Luis had an incidence coefficient of 53.1/100,000 inhabitants
and a mortality rate of 3.9 deaths/100,000 inhabitants®.

The study population consisted of cases that resulted in death
among the population in the urban region of the city with PTB
as the basic cause whose International Classification of Diseases
(ICD)10 corresponded to A.15.0to A.15.3 and A.16.0to A.16.2
between 2008 and 2012.

The data were collected in July 2013 in the Mortality
Information System (SIM) of the Superintendency of
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FIGURE 1 - Map of Brazil, highlighting the State of Maranhio and the City of Sio Luis. Source: Adapted from geographical bases®?.
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Epidemiological and Health Surveillance of the Municipal
Health Department (SEMUS). Deaths of individuals living in
other places and cases diagnosed as extra-PTB were excluded.

Initially, the geocoding of the cases (deaths by PTB) was
processed in the TerraView version 4.2.2 software, wherein the
addresses of the patients living in the urban region of Sao Luis/
MA were standardized and aligned with a digital place segment
map StreetBase® in Latlong projection/WGS84, available in
the Shapefile extension purchased from the company/magem
Solugoes de Inteligéncia Geogrdfica. In addition, the tool Batch
Geocode (available from http://batchgeo.com/br/) was used for
the death registers not located in the cartographic base, which
looks for the address coordinates in Google Earth.

The cartographic base of the census sectors in Sdo Luis was
obtained on the website of the Brazilian Institute of Geography
and Statistics (IBGE) and consisted of 1,126 sectors, 1,052 of
which were considered because they are located in the urban
region of the city and possess a resident population®.

To detect space and space-time clusters of deaths by PTB,
the census sector was used as an ecological analysis unit, with
the advantage of being the most disaggregated form of the
nationally standardized, systematical and periodically collected
population and socioeconomic groups“?.

The spatial analysis technique called scan, developed by
Kulldorff and Nagarwalla®?, was used to detect clusters in space
as well as in space and time.

The analysis technique departs from the null hypothesis
(H,) that there is no cluster in the regions or areas of Sdo Luis
(all individuals in the population have the same probability of
death by PTB) and from the alternative hypothesis (H, ) that thez
region is a cluster (individuals from a given area have a greater
probability of death by TB than the others).

SaTScan 9.2 software was used to identify spatial clusters.
As the events studied (deaths) are counts and rare in the
population, Poisson’s discrete model was used.The following
conditions were adopted: no geographical overlapping of
clusters, the maximum cluster size equals 50% of the population
exposed, and the cluster has a circular form and 999 replications.
It should be highlighted that, in this phase, the information about
the year when the event occurred was not used.

In addition to permitting the spatial analysis, the scan statistics
also permit the incorporation of the time factor, in which the
simultaneous identification of event clusters“? “Yin space and
time is of interest. Therefore, SaTScan 9.2 software was also used
to detect space-time clusters, in the same conditions as defined
above for the spatial clusters, but considering a maximum time
cluster size equal to 50% of the study period and a precise day,
month and year with a time period between 2008 and 2012.

Both the space and the space-time scan techniques were
processed by controlling the occurrence of deaths by the
population size in the census sectors, by age and gender
distribution, with attempts to detect high and low relative risk
clusters. The significance test of the identified clusters was
based on the comparison between the likelihood ratio test
statistics against a null distribution obtained according to the
Monte Carlo simulation“V.

The relative risk (RR), in turn, allows the comparison of
information from distinct areas, standardizing and removing the
effect of different populations, therefore showing the intensity of
the occurrence of a given phenomenon with regard to all study
regions“. Thesignificance leveladopted was 5%. In addition,
thematic maps were constructed, using ArcGIS 10.1 software, of
the scan analyses that contained the RR of the obtained clusters.

Approval for the study was obtained from the Research
Ethics Committee at EERP/USP, in compliance with the
Guidelines and Regulatory Standards for Research Involving
Human Beings, National Health Council Resolution 196/96,
under Certificate of Submission for Ethical Evaluation
number 12494113.0.0000.5393, issued on April 30", 2013.

RESULTS

In the period between January 2008 and December 2012,
221 deaths by TB were registered, 193 of which were due to
PTB. In this group, 190 (98.4%) records were observed with
PTB as the basic cause, without any mention of bacteriological
or histological confirmation (ICD 16.1). One (0.5%) death was
caused by PTB with histological confirmation (ICD A15.2),
and finally, one (0.5%) was classified as PTB with confirmation
through a microscopic expectoration examination, with or
without culture (ICD A15.0).

The geocoded percentage of deaths by PTB corresponded
to 94.8% (183 deaths). In this group, 179 (98%) were geocoded
using the cartographic base of addresses and TerraView software,
and 4 (2%) were geocoded using the tool Batch Geocode. The
losses that occurred in the geocoding process (n=10; 5%) were
related to incomplete addresses in the SIM (n=4; 2%), street
dwellers (n=2; 1%) and addresses from the rural region of the
city (n =4; 2%).

The use of statistical space scan tools permitted thedetection
of both spatial clusters as a significant space-time of deaths
from PTB, controlled by age and size of the population in each
census tract.

In the caseof spatial analysis, there were two significant spatial
clusters of deaths by PTB (Figure 2). Space cluster 1 (p-value<0.01)
included 536 census sectors, a population of 491,490 inhabitants,
a mortality rate of 5.8 deaths per 100,000 inhabitants per year and
a relative risk of death by PTB equal to 3.87, a coefficient that
is considered high. Space cluster 2 (p-value<0.01) involved 123
census sectors, a population of 102,403 inhabitants, a mortality
rate of 0.4 deaths per 100,000 inhabitants per year and an RR of
0.10 (coefficient considered low), suggesting that living in this area
protected individuals against death by PTB in relation to the other
census sectors of the city.

Regarding the space-time analysis of deaths by PTB, a
significant cluster (p-value<0.01) was observed with 365 census
sectors, a population of 331,728 inhabitants and a mortality
rate of 8.10 deaths per 100,000 inhabitants per year, between
11/01/2008 and 04/30/2011. For the inhabitants in this cluster,
the risk of dying of PTB was equivalent to 3.0 times the risk
coefficient for the other study areas (high RR) (Figure 3).
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FIGURE 2 - Space clusters of deaths by PTB, controlled by the population in the census sectors and their gender and age distribution.
Sao Luis, State of Maranhao (2008-2012). RR: relative risk; PTB: pulmonary tuberculosis.
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FIGURE 3 - Space-time clusters of deaths by PTB, controlled by the population in the census sectors and their gender and age distribution.
Sao Luis State of Maranhdo, detected between November 2008 and April 2011. RR: relative risk; PTB: pulmonary tuberculosis.
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DISCUSSION

Initially, many deaths were observed with PTB as the basic
cause, without any mention of bacteriological or histological
confirmation, similar to studies undertaken in Campo
Grande, State of Mato Grosso do Sul® and in the State of
Rio de Janeiro“®. This result identifies a critical area that health
services need to investigate in view of the possibility of false
positives. The explanatory hypotheses for the research findings
include the lack of registries of this information“” and the non-
prioritization of sputum smears in the hospital“®

Studies analyzing mortality rates by transmissible diseases
reflect the inefficacy of prevention and control measures“”.
It should also be remembered that this analysis is restricted
whenever a high proportion of deaths occur without medical aid
or by poorly defined causes®. This discussion is related to the
importance of a health system that permits equal health service
access and thus the timely diagnosis of TB cases, especially in
Primary Health Care (PHC), which aims to reduce deaths. This
implication suggests the importance of health actions changes
that focus on specific groups and are sensitive to the reality
evidenced in this study.

Only considering the health service organization in the analysis
of deaths by PTB would mean rejecting determinant social and
environmental aspects in the occurrence of PTB, considering that
space strongly influences the behavior of this disease. Therefore,
it is necessary to include the spatial distribution perspective
in the analysis, integrating health data available in the health
information systems with environmental and social data, based
on the geographical information system®® ), thus permitting a
better understanding of PTB deaths and their possible determinants.

The death geocoding results were satisfactory because they
exceeded 90%. This percentage is considered of excellent quality
when the data survey involves addresses, as incomplete data
and incompatible addresses can cause an underestimation of the
number of events in certain areas®” In this study, the quality of
the address variable obtained from the SIM was fundamental
to automatically locate most events, permitting analyses of the
distribution patterns of deaths by PTB in space and in space-time.

With respect to the spatial scan technique, in Sdo Luis,
census sectors were identified that are prone to clusters of
deaths by PTB in space and in space-time, confirming the areas
identified in the Kernel analysis developed in an earlier study®”,
which determined the hot areas in the city in which these deaths
occurred with rates ranging between 0 and 8.12 deaths per km?.

These analyses also permitted the stratification of the city
into high- and low-risk areas, permitting the visualization of
space and space-time clusters that can outline homogeneous
areas, measure the risk of deaths by PTB and monitor them in
time and space, minimizing possible damage to the exposed
population®? ¥ and suggesting improvements in health
surveillance actions.

Considering the current urban growth process, the capital

of Maranhao has produced new areas built for growing
populations. This change has led to the continuous residence

of low-income and poorly educated populations in peripheral
areas that completely lack infrastructure and show greater
socioeconomic vulnerability®®.

In a study by Pereira, Cutrim Junior and Rodrigues®®,
which aimed to analyze indicators of the intra-urban habitability
conditions in Sao Luis/MA and highlight its internal inequalities,
neighborhoods with the worst percentages were shown to be
concentrated in the peripheral areas of Sao Luis, especially the
neighborhoods of Coroadinho, Bairro de Fatima, Sacavém,
Anil, Santo Antonio, Vila Luizdo, Vila Embratel, Sa Viana, and
Divinéia and areas of Cidade Operaria. The authors also noted
that urban growth without previous planning resulted in areas
that are considered subnormal, revealing social inequities in
the state capital. These places coincide exactly to the census
sectors that showed a high relative risk of death by PTB in the
space and space-time analysis.

The analysis of the mortality rates found in the high-risk
space and space-time clusters during the analysis period showed
rates superior to the Brazilian average®®. Therefore, the larger
number of deaths by PTB in certain regions of the city justifies
the intensification of the search for respiratory symptoms with
goals of early detection, the establishment of treatment and the
achievement of cures.

The space cluster of low relative risk detected in the space
analysis showed a mortality rate by PTB below the national
average. These census sectors with a lower density of cases
per km? belonged to the neighborhoods of Cohab, Itapiracd
and Cohatrac®. However, clusters with a lower than expected
mortality rate can indicate underreported deaths, an important
problem that Brazil needs to overcome.

Furthermore, populations in unfavorable socioeconomic
situations have higher mortality rates than those in better
living conditions®® 7 8 (9 revealing differences in the
epidemiological profiles among different regions and social
groups. Therefore, it is necessary to analyze whether these
events are closely related to social indicators, which requires
further research.

Curtis®), in turn, indicates that areas lacking dignified
housing and basic sanitation tend to experience health services
with low problem-solving abilities and limitations in the service
supply and range. Although the health service network in
Sao Luis was not investigated in this study, there are reasons
to believe that PTB deaths are related to the areas in which the
patients lived and the health systems and services present there.

Moreover, Barreto and Carmo®” affirm that the lower a social
group’s social and economic level, the higher is the frequency
of any disease, with rare exceptions. The same authors add that
among places with similar economic levels, those with higher social
inequity have lower health levels, and modest improvements in the
pattern of these inequities strongly affect the populations’ health.

Thus, the results demonstrate the need to redirect public
policies in an attempt to better adapt investments in poorer
urban regions through progress in the supply of public services,
implementation of social inclusion programs, qualification
programs for the job market and better housing conditions.
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The existence of confounding variables that are hard to
control is one research limitation, which was related to the type
of study. In addition, the ecological fallacy should be highlighted
in which no causal inferences are possible at the individual level.
In addition, when excluded, incomplete or missing secondary
data could also result in some research bias.

The space and space-time scan statistics applied in this study
undoubtedly contributed to the identification of geographic
areas in which deaths occurred due to PTB and which therefore
need further preventive or curative attention, with an aim
of reorganizing health services to attend to the population’s
health needs and reduce the social inequities in access to health
services.

Finally, the knowledge of priority sites for the occurrence
of deaths, as demonstrated in this study, can help reduce the
social inequities in healthcare by permitting the optimization
of PTB control resources and teams, offering support for the
choice of specific strategies and interventions focused on the
most vulnerable populations.
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