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Abstract

Objective: to identify areas with greater risk of AIDS transmission in Brazil. Methods: this is an ecological study involving
georeference of AIDS cases incidence, prevalence and density in Brazilian municipalities using the Kernel method for the
periods 1996-1999, 2000-2003, 2004-2007 and 2008-2011. Results: 633,512 AIDS cases were reported between 1996-2011;
between 2008-2011, there was increased risk of AIDS transmission in Recife-Jodo Pessoa region, the emergence of areas with
average density in the regions of Belém, S3o Luis, Maceid, Aracaju and Salvador, and a decline in the intensity of risk in S3o
Paulo, Campinas and Ribeirdo Preto; prevalence rates were most concentrated in the Southeast, South and Midwest regions
of the country. Conclusion: overall, AIDS incidence in Brazil showed successive increases in the periods analyzed; case
prevalence indicates spatial clusters, with high concentrations in the Southeast, South and Midwest regions.
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Introduction

Acquired Immunodeficiency Syndrome (AIDS) is a
retrovirus mainly transmitted sexually and parenterally,
which, in the course of its natural history, causes
depletion of CD4+ T-cells, resulting in low immunity
and predisposition to severe opportunistic diseases.
Since the 1990s, considerable progress has been made
in the care of AIDS patients, and the discovery and the
improvement of Highly Active Antiretroviral Therapy
(HAART) was the factor that had greater impact on
prognosis and epidemiology of this disease."*

AIDS is a notifiable disease in Brazil. Data on AIDS
in this country are recorded in different information
systems, being the most important the surveillance
database from the Information System for Notifiable
Diseases (SINAN). Other systems involved in AIDS
surveillance include the Laboratory Tests Control System
of the National CD4+/CD8+ T-cell and Viral Load
Count Network (SISCEL), the Logistic Control System
of Medicines (SICLOM) and the Mortality Information
System (SIM). The epidemiology of this disease is also
monitored by descriptive studies carried out regularly,
such as studies on parturients® and conscripts,* and
those on behavior, attitude and practice in specific
population strata.’

The geographical distribution of AIDS
cases in Brazil is heterogeneous,

due to its wide territory and

the concentration of cases in

certain regions.

In 2014, about 730,000 people were living with HIV
in Brazil, and there was a prevalence of infection in 0.4
to 0.7% of the population.® From 2008 to 2013, the
average incidence of AIDS in Brazil was 40,000 cases
per year, with an average incidence rate of 21 cases per
100,000 inhabitants. In the same period, mortality due
to AIDS presented a standardized rate of about six per
100,000 inhabitants per year (approximately 12,000
deaths per year).”

AIDS surveillance has changed since the beginning
of the pandemic, resulting from revisions of definitions
and implementation of new practices of case prevention.®
In this context, the epidemiological information has
acquired a leading role in defining and conducting

surveillance actions, contributing to the implementation
of new protocols for treatment and prevention.

The geographical distribution of AIDS cases in
Brazil is heterogeneous, due to its wide territory and
the concentration of cases in certain regions. In the
2000s, there was an increase in the number of cases in
the North and Northeast regions of the country, whilst
the other regions presented stability.” The highest
concentration of cases occur in large urban centers,
such as state capitals and metropolitan regions, as
well as cities with higher sociodemographic and
socioeconomic flow, such as the coastal cities.'>"! In
several Brazilian geographic regions, the number of
cases in smaller municipalities present variation, and
is not homogeneous among municipalities with similar
characteristics, located in different regions. "

Geoprocessing and spatial analysis of data on AIDS
cases can provide to public health managers a better
understanding of the epidemic in Brazil.""' Understanding
the spatial distribution of AIDS cases can help identify
geographic areas under greater epidemiological
pressure.” The use of geoprocessing techniques — i.e.
Geographic Information Systems (GIS) —, which have
in their conception the use of geographic information
when reporting the location (geographical position) of
the event, provides information in order to support the
implementation of interventions, complementing the list
of strategies adopted by health surveillance to tackle
HIV/AIDS. The increasing complexity and the changes
on epidemiological behavior of HIV infection require the
use of indicators that are different from other infectious
diseases. In order to assist in this monitoring, the use
of spatial analysis techniques can contribute to a better
understanding of the transmissibility of this disease.¢
This study aimed to identify areas with higher risk of
AIDS transmission in Brazil.

Methods

An ecological study was carried out with spatial
analysis of 633,512 AIDS cases, according to the
Brazilian definition of case: individuals with CD4+ T-cells
counts lower than 350 cells/mm3, or with diagnosis of
opportunistic disease or, still, by death."”

For the database with AIDS cases, we compared the
data from different information systems: Information
System for Notifiable Diseases (SINAN), Laboratory Tests
Control System — National CD4+/CD8+ T-cell and Viral
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Load Count Network (SISCEL) and Mortality Information
System (SIM). In order to relate these three databases,
we adopted probabilistic procedures, using the software
RecLink®, version 3.0, being the patient’s name, date
of birth and the mother's name the key-variables for
comparison. The records from SISCEL and SIM whose
key-variables were incomplete or blank were excluded
from the analysis.

The information regarding the diagnosis date and the
individuals' place of residence were settled in a way to
obtain the same information in a single database. The
diagnosis date and the individuals' place of residence
were taken from SINAN. From the SISCEL and SIM cases,
the date of collection of biological sample (from SISCEL)
was used as proxy for the diagnosis date. The date of
death was taken from SIM. As for the information about
individuals' place of residence, the data from each of
those systems were used.

After comparing the databases, it was possible to
obtain the numbers of AIDS cases in each of the 5,565
Brazilian municipalities, and at least one case was found
in 5,123 (92.1%) municipalities. Then, the incidence rate
and the coefficient of AIDS prevalence were calculated.
For the incidence rate, the numerators were considered
to be the new AIDS cases identified each year: the cases
identified in a given year were divided by the resident
population of that same year for each year, from 1996
to 2011. The calculation of AIDS prevalence, in the
years 1999, 2003, 2007 and 2011, was performed by
calculating for each of these years the total cumulative
AIDS cases since 1980 (the year of the first case identified
in Brazil) up to the given year, discounting deaths within
the same period. Then, the value found was divided by
the total of the resident population in that year. In both
indicators, the resulting value was multiplied by the
constant '100,000'. Four periods — or time intervals —
were determined to calculate the average rate of AIDS
incidence, of cumulative incidence, and of coefficient
of prevalence: 1996-1999, 2000-2003, 2004-2007
and 2008-2011.

The size of the resident population in the municipalities
was obtained from demographic censuses and intercensal
population projections produced by the Brazilian Institute
of Geography and Statistics (/BGE). From IBGE, we
also obtained the geographic coordinates of Brazilian
municipalities for the construction of thematic maps.'s

The spatial analysis was done with the average
incidence rate and prevalent cases, in order to identify
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a pattern in the density of the disease. For this purpose,
we used the Kernel method with adaptive influence
radius, which is the ability to describe how the density
at one area can influence in its neighborhood — in the
case of this study, in neighboring municipalities, taking
into account the influence of different geographic areas
in Brazilian municipalities.”** This method allows
estimating the probability of an event in each cell of
a regular grid. Each cell of this grid is considered in
a way that nearby events get larger weights, and the
furthest, less weight. The decrease of these weights
was defined gradually.”*

The descriptive data analysis was conducted with
the software Statistical Package for the Social Sciences
(SPSS®) from International Business Machines (IBM®),
version 18.0; Spatial data analysis was conducted with
the software TerraView®, version 4.2.2; and the linkage
of database was conducted with the software RecLink®
version 3.0.

This study was approved by the Research Ethics
Committee of the College of Health Sciences from the
University of Brasilia (CEP/FS-UnB) on August 30, 2013,
No. 379,170, and by the Department of STD, AIDS and
Viral Hepatitis (DDAHV) from the Ministry of Health's
Surveillance Secretariat (SVS).

Results

AIDS incidence in Brazil presented successive increases
in the analyzed periods. The risk of getting AIDS,
represented by the average incidence rate, also showed
the same pattern, as well as the prevalence of cases, which
showed persistent increase for all periods (Table 1).

In 1996-1999 and 2000-2003, the South and Southeast
regions had the highest average incidence rates: 25.2
and 25.1 per 100,000 inhabitants in the Southeast
region, and 19.9 and 29.7 per 100,000 inhabitants in
the South (Figures 1A and 1B). In subsequent periods,
particularly in 2008-2011, the states of the North and
Midwest regions had similar levels of average incidence
in comparison with those of the South and Southeast,
reaching 21.0 per 100,000 inhabitants for the North and
16.9 per 100,000 inhabitants for the Midwest (2008-
2011). There was an increase for average incidence
rates in all geographical regions, with maintenance of
high average rates in the Southeast and South: 21.4 per
100,000 inhabitants and 31.0 per 100,000 inhabitants,
(2008-2011), respectively.
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Table 1 - Indicators of AIDS incidence and prevalence, Brazil, 1996-2011

Average of Number of new Number of Number of Coefficient of
Periods incidence rate casesinthe period accumulated new cases  prevalent cases prevalence

(per 100,000 (per 100,000

inhabitants) (N) (N) (N): inhabitants)?
1996-1999 16.5 210,383 210,383 94,530 51.71°
2000-2003 18.6 129,154 333,189 184,544 104.3
2004-2007 19.2 141,800 474,989 283,379 149.7
2008-2011 20.7 158,523 633,512 389,589 202.5

a) At the end of the period
b) Since 1980

In the period 1996-1999, the highest average incidence
rates per municipality (Figure 1) were found in the cities
of Sdo Paulo State (Figure 1A). From that period on, the
increase in cases was observed throughout the country, with
the highest incidence rates — besides Sdo Paulo State — in
cities of the states of Rio de Janeiro, Mato Grosso do Sul
and Mato Grosso, and in the South region (Figure 1D).

With regard to Kernel estimator of average incidence
rates for the years 2000-2003, it was found moderate
density in the Southeast and South regions of the country
(Figure 2). At the same period, in these regions, there
was a higher density in the Curitiba-Vale do Itajai-
Floriandpolis-Porto Alegre area, and in the areas of Sdo
Paulo, Campinas and Ribeirdo Preto cities (Figure 2B).
Also in the same period, it was possible to see other
areas with increased risk and moderate density, such
as the city of Belo Horizonte, Rio de Janeiro State and
the area Recife-Jodo Pessoa (Figure 2B).

In the period 2004-2007, there was a reduction in the
intensity and influence range of $3o Paulo, Campinas and
Ribeirdo Preto, and in their respective neighborhoods,
compared with the period 2000-2003 (Figure 2).
However, the emergence of regions with medium density
was discovered in the Midwestern of S3o Paulo State and
in Curitiba-Vale do Itajai-FlorianGpolis area, since they
showed high density in 2000-2003, and low intensity
in 2004-2007. In the same period of 2004-2007, the
regions of the cities of Porto Alegre and Rio de Janeiro
kept the high level of intensity, with a small increase in
the influence radius (Figure 2C).

In the period 2008-2011, a persistent trend of
reduction in the intensity of risk was found in the cities
of S0 Paulo, Campinas and Ribeirdo Preto. At the same
period, the emergence of areas with medium density was
demonstrated in the regions of Belém, Sdo Luis, Maceio,
Aracaju and Salvador, and with increased intensity in
the area Recife-Jodo Pessoa. There was also a medium
intensity emergence in the North of Parand State and in
the Mid-East of Santa Catarina (Figure 2D).

Taking into account the distribution of prevalence of
AIDS cases per municipality over the years (Figure 3),
the cases had a faster and more specific spreading when
compared to the distribution of the average incidence
rate. The highest concentration was observed in the
Southeast, South and Midwest regions of the country
(Figure 3D).

The estimate of the areas with the highest prevalence
of AIDS cases, based on the application of the Kernel
method, showed the existence of spatial clusters (Figure
4). A rapid growth took place in 2011, showing high
concentrations of the disease in the states of Rio de
Janeiro and S3o Paulo, and in Curitiba-Porto Alegre area.
At this period, there was also the development of areas
with 2 medium density in all the Northeast coastal cities,
and high density in the region of Recife (Figure 4D).

Discussion

The cumulative distribution of AIDS cases is not
equally distributed throughout the Brazilian territory.
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Figure 1- Average AIDS incidence rate (per 100,000 inhabitants) according to municipality of residence, Brazil, 1996-2011

(A) 1996-1999 (B) 2000-2003 N
" Lower
Cl
=
1
[}
=
=
=
=
| Higher
1000 2000 3000
Kilometers

Figure 2 - Surface density of average AIDS incidence rate (per 100,000 inhabitants) by Kernel method, Brazil, 1996-2011
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The highest concentration of cases occur in large urban
centers and cities with higher sociodemographic and
socioeconomic flow, which is consistent with previous
studies.'®'" In this study, the geographical differences
found during those periods showed an accelerated
increased risk in the states of Rio de Janeiro and Sdo
Paulo, and in the Curitiba-Porto Alegre area. Also
the emergence of moderate density areas in all of the
Northeast coastal cities was observed, with high density
in the region of Recife, capital of Pernambuco State.
The increased density in the cities of the Northeast is
associated with the spread of AIDS in the North and
Northeast, noticed in recent years.’ In these regions,
the implementation of combined intervention strategies
can be effective in preventing HIV.*' This study outcomes
reveal the need to expand the integrated analysis of the
surveillance information, geographic data, and health
care, as recommended by Goswami et al. in 2012.%
The use of the Geographic Information System (GIS)
to analyze AIDS incidence and prevalence was found to

be appropriate in identifying areas under greatest risk
and could be useful in monitoring the disease. However,
this method is not very often explored in Brazil.**

During the first reporting period (1996-1999),
there was an increase in AIDS incidence and, in other
periods, there was certain stability, which could be
explained by the HAART universal dispensation and
by public policies to control the transmission of HIV.**
The evaluation of AIDS incidence points to a decline
in the Southeast and South regions, between 2003 and
2006, and a new increase in the incidence in 2007.°
In addition, with the use of GIS, it was observed that
in these regions the cases remained high.

AIDS prevalence showed a persistent increase during
the study period, from 1996 to 2011. The analysis
using GIS revealed the formation and establishment of
new areas of continuous transmission throughout the
country. The identification of these areas is of utmost
importance for planning and implementing strategic
actions to prevent the transmission of HIV, which may

(R) 1999

(B)2003

—=

B 100~ 200

1000 2000 3000

Kilometers

Figure 3 — AIDS prevalence (per 100,000 inhabitants) according to home municipality, Brazil, 1999, 2003, 2007

and 2011
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Figure 4 — Surface density of the AIDS prevalence (per 100,000 inhabitants) by Kernel method, Brazil, 1999, 2003,

2007 and 2011

contribute to giving a better direction for the actions,
especially when such actions depend on limited resources
allocated to interventions of Public Health,” for example,
the strategy of increasing treatment coverage in order
to lower the community viral load of HIV.2

The use of geoprocessing techniques to provide an
overview on the social determinants of health-disease
process is still incipient in the analysis of health
indicators.” In this study, it was possible to demonstrate
that geoprocessing techniques using maps can be useful
to identify the areas with greatest need on expanding
programs, such as those directed to the treatment and
expansion of health care.”” These techniques contribute
to the identification of "hot spots", i.e., places with the
highest density of AIDS cases (highlighted in darker colors
in the maps), where the risk of HIV transmission is most
intense because of prevalent cases. In these areas, the
research and monitoring of risk factors for HIV infection
should be a priority, in order to implement suitable

programs of prevention and control.”® Furthermore,
the geoprocessing of epidemiological information may
be useful to an efficient allocation of Public Health
Care resources.”

Taking into account the dynamic of AIDS transmission,”
which it is not limited to political-administrative
boundaries, the risk evaluation using geographic
tools may indicate areas with highest density of cases,
through a continuum of different layers, beyond the
geographical frontiers, borders and boundaries. Spatial
distribution of occurrence of cases and distribution of
analyzed prevalence by Kernel method show areas with
greatest potential for transmission, while the amount
of cases directly influences in the occurrence of new
cases (person-to-person transmission).

The main limitation of this study is the use of surveillance
databases from the Ministry of Health, which considered
only advanced cases of disease for notification purposes
and may subdivide the risk of HIV/AIDS.
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This limitation tends to be overcome, because the
Ministry of Health added HIV to the list of notifiable
diseases in 2014, regardless of immunological or clinical
phase, which will allow a more precise risk evaluation
for HIV/AIDS in the near future. Another limitation was
the comparison with the occurrence of events in the
neighboring municipality, because it could explain better
the dynamics of the disease in the municipality where
the case was identified. Some authors suggest that the
distance between the cities is an explanatory factor of
the increase in AIDS cases.* A third and final limitation
is the fact that the Kernel estimator has a subjective
analysis: there is no set of standard parameters to rate
the intensity of the injury occurrence (areas with higher
density versus areas with lower density), depending
mainly on previous knowledge on the studied topic.”

The use of techniques to assist epidemiological
surveillance, such as georeferencing of data, can bring
an important gain in tools and indicators already used
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