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ABSTRACT

OBJECTIVE: To identify areas of vulnerability to new cases of HIV/
tuberculosis (TB) co-infection.

METHODS: An ecological descriptive study was conducted by georeferencing
new HIV/TB cases reported in the city of Ribeirdo Preto, Southeastern Brazil,
in 2006. Data were obtained from the Sdo Paulo state information system
for TB notification (TB-WEB) database. New cases of HIV/TB co-infection
were analyzed according to sociodemographic and clinical characteristics and,
subsequently, georeferenced in the city’s cartographic basis, based on home
addresses. City sectors were categorized into three socioeconomic levels:
lower, average and upper levels, based on the analysis of the main components
of the 2000 Demographic Census variables (income, level of education and
percentage of households with five or more residents). The incidence of HIV/
TB co-infection was calculated for each socioeconomic level.

RESULTS: HIV/TB co-infection affected a higher number of economically
active adult males and the pulmonary form of TB was the most frequent.
Spatial distribution showed that the incidences in areas with average and
lower socioeconomic levels (8.3 and 11.5 cases per 100,000 inhabitants,
respectively) were higher than that with a higher socioeconomic level (4.8
cases per 100,000 inhabitants).

CONCLUSIONS: The incidence rate of HIV/TB co-infection, analyzed
according to socioeconomic levels, showed a non-homogeneous spatial
pattern of distribution and higher values in more socially vulnerable areas.
The present study identified priority geographical areas to control co-infection
and revealed that the geographical information system technology can be used
by city managers to plan health actions.

DESCRIPTORS: HIV Infections. Acquired Immunodeficiency Syndrome.
Tuberculosis. Comorbidity. Risk Factors. Socioeconomic Factors.
Ecological Studies.

INTRODUCTION

Despite the increasing use of the Geographic Information System (GIS) in public
health,? the incorporation of this technology to analyze the determinants of
certain endemic diseases, such as tuberculosis (TB) and AIDS, is still incipient
due to the difficulties in or lack of knowledge about system management.'
GIS use has enabled the integration between different health event indicators
and socio-environmental data,? providing a broader perspective of the social
determinants of the health-disease process.

HIV/TB co-infection has represented a great challenge for public health in recent
decades, in view of TB being the main cause of death in individuals with AIDS



(three deaths per each ten individuals) and practically
lethal in HIV-positive individuals.’ The risk of an indi-
vidual not infected with HIV developing TB throughout
life varies from 5% to 10%, although reaching 50% in
AIDS patients.® Among HIV-seropositive individuals
and those with a latent infection by Mycobacterium
tuberculosis, the risk increases 20 times, when
compared to HIV-seronegative individuals.'®

Poor housing conditions caused by the lack of a social
and housing policy in the urban environment, in addi-
tion to unemployment, migration to urban centers and
the situation of financial poverty of part of the popula-
tion, among other social determinants, contribute to
the appearance of areas vulnerable to TB develop-
ment." Individuals’ vulnerability to TB results from
the marginalization of the population in terms of place
of residence, difficulty in access to health services
and lack of social representation, and such aspects are
worsened by an individual’s and the community’s poor
socioeconomic situation.”

Vulnerability to AIDS or TB is a complex concept
that involves dimensions (individual, institutional
and social ones) that determine individuals’ or groups’
susceptibility. Following this line of thought, the distri-
bution of risks of one falling ill or dying is considered
to occur according to distinct forms of social opportu-
nities or inclusion. These aspects influence the patterns
of vulnerability of this population in the health-disease
process, associating it with the living conditions of a
community and, as a result, with the geo-social space
in which they live.?

According to certain authors," the understanding of
the TB and HIV/AIDS dynamics depends on both
epidemiological rates and the understanding of the rela-
tionships and living conditions in a socially vulnerable
area, enabling better planning and, consequently, the
reorganization of health practices and work.

Ribeirao Preto, state of Sdo Paulo, Southeastern Brazil,
is socially and economically privileged, when compared
to wealthier cities in Brazil, with a Human Development
Index (HDI) of 0.855.° Nonetheless, it is among the
cities with the highest HIV/TB co-infection rates in
the state of Sdo Paulo, where Santos and Sdo José
dos Campos rank at the top.'” In 2006, the percentage
of HIV cases among those with TB was 30% of the
total number of reported cases,® posing a challenge to
health surveillance, in view of the increased chances of
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treatment default , recurrence and death in this group of
patients. Studies on the aspects that predominate in the
transmission chain of this comorbidity and its interaction
with the social determinants in the city are essential.

Thus, the present study aimed to identify areas of
greater vulnerability to HIV/TB co-infection in 2006.

METHODS

An ecological descriptive study was conducted in the
city of Ribeirdo Preto, situated in Northeastern Sao
Paulo state, with an estimated population of 559,651
inhabitants in 2006.¢

Ribeirdo Preto is one of the 73 priority cities to control
TB which must increase their disease control actions. In
2006, the coefficient of pulmonary TB incidence in this
city was 37.82 per 100,000 inhabitants, case detection
rate of 40% and percentage of cure of 68.5%.¢

Health care for TB and HIV/AIDS patients occur
in secondary level services, with specialized teams,
although not exclusive to the programs, which are
comprised of one or two doctors and nursing profes-
sionals. Reference outpatient clinics with a Programa de
Controle da TB (PCT — TB Control Program) perform
supervised TB treatment in approximately 77% of
patients. The supervised dose is usually provided
in locations of preference of TB and/or co-infected
patients, whether at the reference outpatient clinic or
in their home.

The Unidade Especial de Tratamento de Doencas
Infecciosas (Special Infectious Disease Treatment Unit)
do Hospital das Clinicas da Faculdade de Medicina de
Ribeirdo Preto da Universidade de Sdo Paulo also inte-
grates the health care network for HIV/TB co-infected
patients in tertiary care, providing outpatient care and
hospitalizations.

TB cases that had been reported as new cases, with a
laboratory serological confirmation of HIV and patients
who lived in Ribeirdo Preto in 2006, were included
in this study. New cases are defined as “patients who
have never undergone anti-tuberculosis therapy and
who were treated for less than 30 days or more than

2 c

five years”.

Data were obtained from the TB-WEB in April 2008.
This is an exclusive state-run information system for

* World Health Organization. Addressing and poverty in TB control: options for national TB control programmes. Geneva; 2005. (WHO/HTM/
TB/2005.352). [cited 2009 Nov 08]. Available from: http://whqlibdoc.who.int/hg/2005/WHO_HTM_TB_2005.352.pdf
b Fundagao Sistema Estadual de Andlise de Dados. Perfil municipal: Adamantina. Sao Paulo: SEADE; 2010. [cited 2011 Jan 23]. Available

from: http://www.seade.gov.br/produtos/perfil/perfil.php

¢ Ministério da Sadde. Secretaria de Atencao a sadde. Departamento de Atengao Basica. Vigilancia em Saidde: Dengue, Esquistossomose,
Hanseniase, Maldria, Tracoma e Tuberculose. 2007: (21): 150. [cited 2009 Sep 4]. Available from: http:/www.saude.mt.gov.br/
adminpublicacao/arquivo/caderno%20atencao%20basica%20n%2021%202007.pdf

4 Instituto Brasileiro de Geografia e Estatistica. Censos demograficos 2000 [cited 2007 Jul 15]. Available from: http://www.ibge.gov.br/home/
estatistica/populacao/censo2000/universo.php?tipo=31o/tabelal3_1.shtm&paginaatual=1&uf=35&letra=R
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TB notification ,implanted in the state of Sdo Paulo in
2006. The information found in TB notification forms
feeds the Sistema de Agravo de Notificagao (Sinan —
National Information System on Disease Notification)
and TB-WEB, where it is stored in a single file on
the internet.

The variables selected to characterize cases on an
individual level were as follows: sex, date of birth,
level of education (years of study), patient’s address
(TB-WEB), clinical form of TB (pulmonary, extra-
pulmonary, pulmonary + extra-pulmonary, and
disseminated), type of treatment (supervised or self-
administered), and type of treatment outcome (cure,
death, treatment default, change of diagnosis and
transfer to other health service or city).

The cases selected for this study were geocoded from
the patients’ addresses (street and number) using the
ArcGIS software, version 9.1, in a digital cartographic
basis of the city of Ribeirdo Preto, obtained from the
Companhia de Desenvolvimento Economico (Company
of Economic Development).

Census tracts defined by the 2000 Demographic
Census of the Instituto Brasileiro de Geografia e
Estatistica (IBGE — Brazilian Institute of Geography
and Statistics) were used as unit of analysis. Census
tracts are continuous and homogeneous areas with an
average of 300 homes each.! According to the 2000
Demographic Census, the city was divided into 650
census tracts. Of these, 17 were excluded from the
analysis because they did not include inhabitants (nine
sectors) and eight because they were special-purpose
areas, such as hospitals and prisons. A total of 633
sectors were analyzed.

The collective level variables obtained from the census
tracts selected were as follows: heads of households’
mean income, heads of households’ mean level of
education, female heads of households’ mean income,
female heads of households’ mean level of education,
proportion of illiterate individuals, and percentage of
households with five or more residents. These vari-
ables were selected according to previous studies,®*
so they could represent the income, level of educa-
tion, family density and vulnerable groups (women).
Socioeconomic characterization of census tracts was
performed using main component analysis, which
produces factors not correlated with each other. The
factor responsible for the highest proportion of total
variation was selected among the factors obtained.
The factor was named “socioeconomic factor”, since
it represents socioeconomic aspects.

A score corresponding to the socioeconomic factor
value for each census tract was calculated, where the
higher the value, the better the sector’s socioeconomic
level. Sectors were ordered in a decreasing order and

Table 1. Distribution of new cases of HIV/TB, according
to age group, length of time of education, clinical form,
type of treatment and treatment outcome . Ribeirdo Preto,
Southeastern Brazil, 2006.

Variables n %
Sex
Female 33 68.8
Male 15 31.2
Age group (years)
0to 10 2 42
11to 19 1 2.1
20 to 39 23 479
40 to 59 19 395
Inconsistent records? 3 63

Education (in years)

None 3 63
1to3 1 2.1
4to7 28 58.3
8to11 4 83
Information ignored 6 125
Data not completed 6 125
Clinical form of tb
Pulmonary 36 75.0
Extra-pulmonary 8 167
Pulmonary + extra- pulmonary 3 63
Disseminated 1 20

Type of treatment

Supervised treatment 23 48.0
Data not completed 14 29.1
Self-administered 11 229
Treatment outcome
Cure 23 48.0
Death not caused by TB 12 25.0
Change of diagnosis 10 20.8
Default 2 42
Transfer to a different health service 1T 20

? Inconsistent records refer to incorrect dates of birth
(date of birth is the same as that at the beginning of
treatment), as they mention children with an occupation.
Source: TB-WEB 2008.

divided into tertiles, resulting in three groups: higher
(more favorable socioeconomic conditions), average
and lower (less favorable) socioeconomic levels. The
incidence of co-infection cases was calculated for each
of these areas.

The present study was approved by the Ethics
Committee of the Escola de Enfermagem de Ribeirdo
Preto da Universidade de Sdo Paulo (Protocol
0762/2007).



RESULTS

Ofall 160 new TB cases reported in the city of Ribeirdo
Preto, in 2006, 50 (31.2%) were co-infected with HIV/
TB. Of all new cases of co-infection, two were excluded
from the study due to the address not being found in
the city’s digital map and to its belonging to a women’s
penitentiary.

Of all 48 cases selected, 33 (68.8%) were males and 15
(31.2%) were females. Table 1 shows the distribution of
new cases of co-infection in Ribeirao Preto, according
to age group, level of education, clinical form of TB,
type of treatment, and treatment outcome.

Main component analysis produced four factors (Table
2). Among these, the factor responsible for 81.9% of
total variation, known as socioeconomic factor, was
selected and this resulted in a score, calculated for
each census tract using the following expression: 0.84
x (heads of households’ mean income) + 0.96 x (heads
of households’ mean length of time of education) +
0.84 x (female heads of households’ mean income) +
0.94 x (female heads of families’ mean length of time
of education ) — 0.84 x (proportion of illiterate individ-
uals) — 0,86 x (proportion of illiterate women) — 0.64 x
(percentage of households with five or more residents).

For each census tracts grouped according to higher,
average and lower socioeconomic levels, Table 3 shows
the numbers of HIV/TB co-infection cases, numbers
of inhabitants, incidence rates, areas and demographic
density.

HIV/TB incidence rates in lower and average socio-
economic level areas were 140% and 73% higher than
that in the area with the best socioeconomic level,
respectively. The higher demographic density occurred

Table 2. Factors obtained from main component analysis
and respective eigenvalues and proportions of explanation.
Ribeirao Preto, Southeastern Brazil, 2006.

Factor  Eigenvalue Proportion (%) Accumulated (%)
1 5.129 81.9 81.9
2 0.921 14.7 96.6
3 0.210 3.3 99.9
4 0.006 0.1 100.0
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in the area with average socioeconomic level, rather
than that with a lower level, although the latter showed
a higher incidence rate of HIV/TB co-infection in the
city (Figure).

DISCUSSION

The profile of new cases reported in 2006, in Ribeirdo
Preto, in which a predominance of males with an
average level of education and pulmonary clinical
form is observed, in addition to a relevant number of
extra-pulmonary cases, corroborates results from other
studies. 51718

Poor recording of supervision of the medication dose
among the patients studied could indicate a barrier in
the flow of communication between health care levels,
which usually hinders the continuity if a co-infected
patient is required to be transferred from their follow-
up location.?*

The percentage of cure was relatively low, which could
imply that it was difficult to treat co-infected patients,
who may show more severe forms of TB."* Compared
to a study conducted in the same city, during a period of
four years (from 1998 to 2003),'” the percentage of cure
was approximately 53% among co-infected patients,
higher than that of the present study. The number of
cases reported as deaths not caused by TB and change
of diagnosis in the population studied should be empha-
sized. Based on the study conducted by Muniz et al'*
(2006), when compared to the present study, a decrease
in the percentages of death and treatment default can be
observed with the implementation of supervised treat-
ment. This shows that such care “tool” is an important
aspect involved in TB treatment.**

In many cases of AIDS patients, the result of TB
treatment is reported as a “change of diagnosis”. The
variety of clinical forms of TB among HIV-seropositive
patients hinders the diagnosis of the disease in these
patients, who usually begin treatment without a
confirmed diagnosis. This alternative to control TB
does not harm co-infected patients and it is a form to
control possible infections among contacts.'

The present study found a close relationship between
reported cases and areas with higher social vulnerabi-
lity, because incidence rates are clearly higher in areas

Table 3. New cases of HIV/TB co-infection, number of inhabitants, incidence rates, areas and demographic densities, according
to socioeconomic levels of census tracts. Ribeirdo Preto, Southeastern Brazil, 2006.

Socioeconomic Number of cases Number of Rate of incidence (per Area Demographic density
level (N =48)n (%) inhabitants 100,000 inhabitants) (km2) (inhab./km2)
Higher 7 (14.6) 145,413 4.8 111.8 1,301
Average 16 (33.3) 191,639 8.3 359 5,338

Lower 25 (52.1) 217,408 11.5 105.1 2,069
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Figure. Location of new cases of HIV/TB co-infection, according to socioeconomic level of census tracts. Ribeirdo Preto,

Southeastern Brazil, 2006.

with average and lower socioeconomic levels. These
results are not in agreement with those of studies which
assumed that the distribution of co-infection cases was
situated in areas with a higher socioeconomic level and
equally distributed among the different social classes."
However, this relationship should be investigated with
other types of design of epidemiological studies.

The areas identified as vulnerable in the city of Ribeirao
Preto have a relevant population density, certain areas
can be named “pockets of poverty”, including large
slums and settlements, in addition to locations with high
levels of drug dealing and prostitution. These results
agree with a study conducted in Germany, ' in which TB
was concentrated in areas with poor housing conditions
and associated with poverty indicators, such as unem-
ployment, low purchase power, lack of social support
and low qualification for the labor market. However,
the demographic density of the German study does not
coincides with that of this study conducted in Ribeirdo
Preto, once the highest incidence occurred in an area
that concentrates the largest part of the population,
although not with the highest demographic density
(average socioeconomic level area).

Studies on the distribution of TB cases, conducted in the
Southeastern and Northeastern regions of Brazil, also

found a close relationship between the occurrence of
the disease and areas with higher social vulnerability
and the lowest quality of life indicators,?! showing that
the social problems of the population directly influence
the onset of this disease.

In addition, Rodrigues-Junior et al'” (2006) did not
identify an association between AIDS cases and places
of residence, probably because the dynamics of this
disease alone greatly differs from that occurring in
association with social determinants of TB.

The higher number of co-infection cases among less
privileged areas implies and justifies the intensification
of activities connected to TB active case finding for
early case detection. Knowledge about more vulnerable
areas enables health care to be more sensitive to the
community’s socioeconomic and political context. As
an ethical imperative, the city management must meet
the health requirements in its area. In addition, to meet
those of a social nature, individuals from different
social sectors must be integrated, as should knowledge,
powers and wills, as a result.>?

The results of the present study showed the social deter-
minism in the health-disease process of a community,
i.e., the social and economic structures are present in



the life of individuals, determining their way of being
and living and their health conditions.?

TB is a social disease that emerges from the inequity
in income distribution. The presence of this disease in
a community is a reflection of the precariousness of
local social development policies and its permanence
results in the community’s productive capacity running
out, as it affects the economically active population
more frequently. In a cyclic form, TB appears in poor
communities and contributes to their impoverishment,
because it has an impact on their economically produc-
tive class.* The advantage of using geographic spaces
as living condition indicators, especially one’s place of
residence, is the possibility of viewing the complexity
of the social organization as a whole.!

A similar study on the spatial distribution of TB cases,
conducted in Ribeirdo Preto for six years, identified a
variation in places where the disease occurred in this
city. At times, cases were concentrated in a certain area,
and at other times, in a different area, although always
in areas where social inequalities were more evident
and where the level of vulnerability was higher.!°

In other studies, researchers observed that TB patients
were concentrated in areas with a high population
density and poor housing and sanitation conditions,*!*?*
contrasting with the findings of this study, in which the
HIV/TB co-infection rate did not show higher values in
areas with greater density, although being concentrated
in areas with lower socioeconomic levels.

HIV/TB co-infection is a disease of social complexity
and its elimination is not restricted to health, but rather
dependent on intersectoral management and invest-
ments in housing, transportation and food, among other
things. Lack of intersectoral integration poses great
challenges to health management, because it does not
count on structured instruments and knowledge that can
support decision-making. Such problems evidence the
reductionist view of the sector-based approach to health
and autonomy of an individual.” Thus, intersectorality
is one of the main measures to tackle social problems
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