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ABSTRACT

OBJECTIVE: To describe the spatial and temporal distribution of TB-HIV co-infection, as well as 
the profile of the characteristics of the co-infected population in the municipality of São Paulo. 

METHODS: This is an ecological and time series study with data from the Tuberculosis Patient 
Control System (TBWeb), including all new cases of tuberculosis co-infected individuals with 
HIV living in the municipality from 2007 to 2015. Time trends of the disease were analyzed 
using Prais-Winsten regression. The cases were geocoded by the address of residence for the 
elaboration of maps with the incidence rates smoothed by the local empirical Bayesian method. 
The global and local Moran indexes evaluated spatial autocorrelation. Individuals’ profiles were 
described and the characteristics of the cases with and without fixed residence were compared 
by Pearson’s chi-square or Fisher’s exact tests. 

RESULTS: We analyzed 6,092 new cases of TB-HIV co-infection (5,609 with fixed residence 
and 483 without fixed residence). The proportion of TB-HIV co-infection ranged from 10.5% to 
13.7%, with a drop of 3.0% per year (95%CI -3.4 – -2.6) and was higher in individuals without 
fixed residence. Incidence rates decreased by 3.6% per year (95%CI -4.4% – -2.7%), declining from 
7.0 to 5.3 per 100,000 inhabitants/year. Co-infection showed positive and significant spatial 
autocorrelation, with heterogeneous spatial pattern and a high-risk cluster in the central region 
of the municipality. Cure was achieved in 55.5% of cases with fixed residence and in 32.7% of 
those without a fixed residence.

CONCLUSIONS: The data indicate an important advance in the control of TB-HIV co-infection 
in the period analyzed. However, we identified areas and populations that were unequally 
affected by the disease and that should be prioritized in the improvement of actions to prevent 
and control co-infection.
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INTRODUCTION

Despite being the oldest infectious diseases in human history, tuberculosis (TB) still poses 
a major challenge to global public health, which affected 10.0 million people and caused 
1.4 million deaths in 20181. Followed by acquired immunodeficiency syndrome (AIDS), 
TB is the most important cause of mortality by infectious agent in the world1.

Beginning in the 1980s, the AIDS epidemic strongly affected the epidemiological profile and 
TB control. The immunological impairment caused by HIV/AIDS favors the multiplication 
of M. tuberculosis and the illness of TB2, and HIV infection is the most important risk factor 
for active TB, with a 19-fold higher risk in the virus-infected population compared to the 
general population1. The synergy between diseases is also observed in HIV-related mortality, 
with TB being the leading cause of death among people living with HIV/AIDS3.

In 2018, about 8.6% of all TB cases in the world were HIV-positive, totaling 862,000 people 
affected by co-infection1. TB-HIV co-infection strongly afflicts people living in precarious 
living conditions, who suffer from the lack of resources for the prevention, diagnosis, 
treatment and control of both TB and HIV/AIDS1,4. Co-infection especially affects 
underdeveloped and populated regions, such as some areas of the African continent, where 
it represents more than 50% of cases1.

In 2017, Brazil had 11.4% of new TB cases co-infected with the HIV virus, and the state 
of São Paulo identified 9.3% of co-infection5. Considering the classification of the World 
Health Organization1, which defines the countries with the highest TB burden, the current 
epidemiological situation in Brazil includes the country in the contexts of high burden of 
TB and the disease associated with HIV, being, therefore, one of the priority countries for 
investments in control actions. 

Despite the relevance of co-infection, there are still few publications on its spatial and 
temporal distribution in Brazil6–9. Geographic information systems (GIS) are valuable 
tools for the analysis of spatial data in the health area, and their use can contribute to 
epidemiological surveillance of transmissible diseases such as TB and HIV/AIDS, since 
they facilitate knowledge of the distribution of cases in the territory and allow investigating 
the factors associated with transmission and identifying priority areas for interventions10. 
In health, time measurement is also very useful for understanding the study object. Time 
series, which are ways of organizing quantitative information in time11, can be used to 
characterize the time trends of injuries that influence populations’ health, as well as to 
evaluate the effectiveness of control policies.

Revealing intense social inequalities12, with a complex network of health care and the highest 
demographic density in the country13, the municipality of São Paulo (MSP) has the highest 
number of cases of TB-HIV co-infection in Brazil5 and, therefore, demands knowledge of 
the dynamics of the disease to improve control actions. In this sense, our study describes 
the spatial and temporal distribution of TB-HIV co-infection, as well as the profile of the 
characteristics of the co-infected population in the MSP.

METHODS

Study Design and Area

This is an ecological study with analytical component and time series, developed in the 
MSP, located in the Southeast region of Brazil, which is the most populous municipality in 
the country, with a total of 11,638,802 inhabitants in 2016 and almost all of the population 
residing in the urban area (99.1%)14. TB control actions is conducted by the Programa 
Municipal de Controle da Tuberculose (PMCT – Municipal Tuberculosis Control Program), 
in a decentralized manner15.
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Population and Study Period

We included all new cases of TB co-infected with the HIV virus residing in the MSP and with 
incidence in the period from 2007 to 2015, except those with diagnostic changes and patients 
deprived of liberty. The individual that provided a fixed housing address at the time of TB 
notification was defined as “case with fixed residence”, and the “case without fixed residence” 
was defined as the individual with no fixed housing address in the TB notification form 
(FN-TB). Our study analyzed separately the populations with and without fixed residence, 
considering that the singular vulnerabilities that integrate the lives of homeless individuals can 
influence the health-disease process, especially in TB, which is a socially determined disease16.

Data Sources

Data from TB-HIV co-infection cases were extracted on June 5, 2017 from the Tuberculosis 
Patient Control System (TBWeb) of the São Paulo State Department of Health, which 
stores FN-TB information. The digital base of street workers and the digital map of the 
administrative districts (AD) of the MSP were obtained from the Centro de Estudos da 
Metrópole (CEM – Center for Metropolitan Studies) and the Coordination of Epidemiology 
and Information of the Municipal Health Department of São Paulo (CEInfo). Data on the 
resident population of the MSP of the Fundação Sistema Estadual de Análise de Dados 
(Seade – State Data Analysis System Foundation) were also used.

Analyses

The proportion of TB-HIV co-infection among new TB cases was estimated for each year of 
the study, using the total number of new TB cases and the number of cases with HIV-positive 
serology, according to TBWeb. To estimate the annual incidence rate, we considered the 
total number of new cases of TB-HIV co-infection per year, divided by the total resident 
population estimated in the middle of the same year, multiplied by 100,000, resulting in an 
incidence rate per 100,000 inhabitants/year. 

To verify the temporal trend of the proportions and incidence rates of TB-HIV co-infection 
in the municipality, we constructed generalized linear regression models using the 
Prais-Winsten method11. To quantitatively estimate the time trends of co-infection in the 
analyzed period, we used the formula of annual percent change (APC), as well as a 95% 
confidence interval (95%CI)11. The linear regression models were constructed in Stata 
software, version 12.

To characterize the spatial distribution patterns of TB-HIV co-infection, individuals were 
georeferenced based on their home address. The spatial unit of choice was the Administrative 
District (AD), which is the smallest administrative division of the MSP. For all spatial analyses, 
the data were presented according to the three-year incidence of the disease (2007–2009, 
2010–2012 and 2013–2015), thus incorporating the temporal approach to verify spatial changes 
that occurred during the study period and the patterns of diffusion of the disease. The division 
of the Coordenadorias Regionais de Saúde (CRS – Regional Health Coordinations) of the 
municipality of São Paulo was presented in the maps to facilitate the visualization of the rates.

The geocoded cases were used to estimate the crude incidence rates of TB-HIV co-infection 
per triennium and by AD of residence. The average number of new cases per three-year 
incidence (total number of cases in the triennium divided by three), divided by the resident 
population of the central year of the triennium, was considered, multiplied by 100,000, 
resulting in incidence rates per 100,000 inhabitants/year, which were smoothed by the local 
empirical Bayesian method, with the objective of incorporating the rates of neighboring 
areas into the analysis, generating risk estimates and controlling random fluctuations17.

For the spatial dependence analysis of the crude incidence rates of TB-HIV co-infection, 
we estimated the global Moran index (I) for each triennium. The analysis of local spatial 
autocorrelation was also performed to identify spatial clusters with greater influence on I, 
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from the estimation of local Moran indices, enabling the construction of three Moran Maps18, 
one for each triennium. We used TerraView software, version 4.2.2 and QGIS version 2.16.1 
in spatial analyses, and maps to represent the smoothed incidence rates and the Moran 
Maps were elaborated in the last application.

The profile of case characteristics was described using absolute and relative frequencies, and 
the individuals were compared according to the type of address (cases with and without 
fixed residence) using Pearson’s chi-square and Fisher’s exact tests. We considered a 5% 
significance level (α=0.05) for all analysis.

Ethical Aspects

All ethical procedures were protected, according to resolution no. 466/2012 of the National 
Health Council, and the project was approved by the ethics committees of the Faculdade de 
Saúde Pública of the Universidade de São Paulo (protocol no. 1,609,833) and the Municipality 
of São Paulo (protocol no. 1,619,747).

RESULTS

From 2007 to 2015, 51,501 new TB cases were reported in the MSP, according to TBWeb system 
information. Among these, 6,092 cases had HIV-positive serology, which corresponded to a 
TB-HIV co-infection ratio of 11.8% in the MSP in the period analyzed. Among all new cases 
of TB-HIV co-infection included in the study (n = 6,092), 5,609 cases had a defined and fixed 
address in the FN-TB (92.1%) and 483 cases had no fixed residence (7.9%).

A trend of significant decrease in the total proportion of HIV co-infection in new TB cases 
was identified in the period analyzed, ranging from 13.7% in 2007 to 10.5% in 2015, with an 
annual decrease of 3.0% (95%CI -3.4 – -2.6). There was a decrease of 3.3% (95%CI -3.7 – -2.8) 
in the proportion between individuals with a fixed residence and 4.3% (95%CI -6.8 – -1.7) 
in the population without a fixed residence. The analysis of the temporal trend of the 
incidence rate of TB-HIV co-infection also revealed a significant decrease in the city of 
São Paulo, with a decrease of 3.6% per year (95%CI -4.4% – -2.7%), ranging from 7.0 new 
cases per 100,000 inhabitants in 2007 to 5.3 in 2015 (Figure 1).

Sources: Tuberculosis Patient Control System (TBWeb, 2017); Fundação Sistema Estadual de Análise de Dados 
(Seade, 2017).

Figure 1. Time series of the proportion of TB-HIV co-infection according to the situation of residence 
and the incidence rate of co-infection. Municipality of São Paulo, 2007-2015.
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Sources: Coordination of Epidemiology and Information of the Municipal Health Department of São Paulo 
(CEInfo, 2012); Centro de Estudos da Metrópole (CEM, 2016); Tuberculosis Patient Control System (TBWeb, 
2017); Fundação Sistema Estadual de Análise de Dados (Seade, 2017)

Figure 2. Spatial distribution of TB-HIV co-infection incidence rates flattened by the local empirical Bayesian 
method, according to the administrative district of residence. Municipality of São Paulo, 2007-2015.
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Figure 3. Moran Maps of TB-HIV co-infection incidence rates, according to the administrative district of 
residence and triennium, with their respective Global Moran indexes (I). Municipality of São Paulo, 2007-2015.
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Table. Sociodemographic, clinical and epidemiological characteristics of new TB-HIV co-infection cases 
according to the situation of residence. Municipality of São Paulo, 2007-2015.

Characteristics of cases
TB-HIV co-infection

With fixed  
residence

No fixed  
residence

Total

(n = 5.609) (n = 483) (n = 6.092)

n % n % n %

Gender < 0.001

Female 1,601 28.5 83 17.2 1,684 27.6

Male 4,008 71.5 400 82.8 4,408 72.4

Race/color < 0.001

White 2,284 40.7 118 24.4 2,402 39.4

Black or brown 2,170 38.7 247 51.1 2,417 39.7

Others 45 0.8 02 0.4 47 0.8

Information ignored 1,110 19.8 116 24.0 1,226 20.1

Age group 0.087

0 to 19 years old 146 2.6 04 0.8 150 2.5

20 to 39 years old 2,856 50.9 253 52.4 3,109 51.0

40 to 59 years old 2,411 43.0 210 43.5 2,621 43.0

60 years or older 190 3.4 13 2.7 203 3.3

Information ignored 06 0.1 03 0.6 09 0.1

Years of schooling < 0.001

None 93 1.7 17 3.5 110 1.8

From 1 to 7 years 1,729 30.8 159 32.9 1,888 31.0

8 years or more 2,280 40.7 108 22.4 2,388 39.2

Information ignored 1,507 26.9 199 41.2 1,706 28.0

Diagnostic form/location < 0.001

Emergency room or hospital 3,686 65.7 301 62.3 3,987 65.4

Outpatient services 1,683 30.0 118 24.4 1,801 29.6

Diagnostic after death 140 2.5 26 5.4 166 2.7

Active search or contact investigation 58 1.0 35 7.2 93 1.5

Information ignored 42 0.7 03 0.6 45 0.7

Clinical forma < 0.001

Pulmonary 3,202 57.1 362 75.1 3,564 58.5

Extrapulmonary 1,337 23.8 54 11.2 1,391 22.8

Pulmonary and extrapulmonary or 
disseminated

1,070 19.1 66 13.7 1,136 18.7

Associated diabetes 107 1.9 12 2.5 119 2.0 0.379

Associated mental disorder 58 1.0 09 1.9 67 1.1 0.094

Associated alcoholism 539 9.6 142 29.4 681 11.2 < 0.001

Associated smoking 146 2.6 28 5.8 174 2.9 < 0.001

Associated drug addiction 544 9.7 154 31.9 698 11.5 < 0.001

Treatment conclusionb < 0.001

Cure 3,018 55.5 145 32.7 3,163 53.8

Death 1,212 22.3 111 25.1 1,323 22.5

Drop out 1,043 19.2 173 39.1 1,216 20.7

Failure or resistance 41 0.8 - 0.0 41 0.7

Transfer to another state/country 58 1.1 05 1.1 63 1.1

Treatment unconcluded or ignored 65 1.2 09 2.0 74 1.3  
a A case with ignored information about the clinical form was not included (n = 1).
b Cases without information on the initiation of treatment were excluded (n = 212).
Sources: Tuberculosis Patient Control System (TBWeb, 2017); Fundação Sistema Estadual de Análise de Dados 
(Seade, 2017).
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We could geolocate 5,595 (91.8%) of TB-HIV co-infection cases, which were classified 
according to the AD of residence and the triennium of incidence (2007-2009, 2010–2012, 
2013-2015), enabling the construction of maps of the smoothed incidence rates of 
TB-HIV co-infection (Figure 2). We observed a heterogeneity of spatial distribution, with 
concentration of cases, especially in AD of the CRS Center, North, Southeast and East 
in the first triennium (2007–2009); CRS Center, North and East in the second triennium 
(2010–2012); and remarkable concentration, especially in the CRS Center and North in the 
third and last triennium (2013–2015).

The overall Moran index (I) was positive and statistically significant in all three-year 
periods (2007–2009: I = 0.505 and p = 0.001; 2010–2012: I = 0.403 and p = 0.001; 2013–2015: 
I = 0.431 and p = 0.001), which indicates a non-random spatial pattern of the disease in 
the municipality. The incidence of TB-HIV co-infection in the MSP revealed a positive 
and significant autocorrelation in all periods, indicating the presence of a high-risk 
cluster in the central region and a cluster of low risk predominant in the CRS West and  
South (Figure 3).

The profile of new cases of TB-HIV co-infection has been described according to 
sociodemographic, clinical and epidemiological characteristics. Individuals with and 
without fixed residence were compared, and significant differences were identified regarding 
their gender, race/color, schooling, form of discovery, clinical form, some associated 
conditions (alcoholism, smoking and drug addiction) and conclusion of treatment of the 
cases (Table 1).

DISCUSSION

The decrease in the incidence of TB-HIV co-infection in the period analyzed shows an 
important advance in the control of TB and, especially, in HIV control, related to the timely 
introduction of antiretroviral therapy (ART) and improved access to reference services5,19,20. 
However, aspects related to the diagnosis of TB and treatment conclusion, with emphasis 
on the large number of diagnoses made in hospital services and the high rates of drop out 
and death reflect the difficulties in an active search for cases, early diagnosis and effective 
treatment of TB-HIV co-infection. Spatial analysis allowed the identification of areas 
with high incidence, which should be a priority for control interventions at the individual 
and collective level. Some populations are even more affected by co-infection, such as the 
population without fixed residence, being essential the elaboration of control strategies 
that consider the singular vulnerabilities of these individuals, thus facilitating their access 
to health care.

The understanding of the dynamics of TB-HIV co-infection requires timely HIV testing of 
all individuals diagnosed with TB, as recommended in Brazil21. The expansion of testing in 
the MSP in recent years indicates a better organization of TB and HIV/AIDS care services 
and the improvement of TB and HIV/AIDS control actions5,15,19. 

The significant decline in the proportion of TB cases co-infected with HIV and in the 
incidence rate of co-infection identified in our study is consistent with morbidity data 
for TB and HIV/AIDS in the MSP15. In recent decades, Brazil, as well as the Americas and 
the world, has tended to decrease TB incidence and mortality rates22, as well as a slight 
reduction in the incidence of TB in the period from 2006 to 2013 in the MSP19. From this 
perspective, HIV/aids incidence rates also decreased in MSP in recent years20,23, associated 
with increased access to HIV infection diagnosis and ART24,25. 

The presence of HIV co-infection, about twice higher in TB cases without fixed residence 
than in the population with fixed residence, may be a reflection of the impact of the 
HIV/AIDS epidemic in this first group, whose prevalence of HIV infection is 4.9%, whereas 
the Brazilian population has a rate of 0.6% in the same period26. In addition to so many other 
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vulnerabilities and conditions of social exclusion, the HIV-infected homeless population 
has an extremely high risk of TB illness and poor access to health care21,27.

In the TBWeb information system, the main source of data in our study, the entry of 
the patient’s address data is standardized and free typing is not allowed, and there is as 
reference a database of patios, thus conditioning the entry of information and increasing 
the accuracy of case geocoding28. The use of spatial analysis tools allowed the description 
of the dispersion of the disease in the territory and the identification of clusters of cases, 
which can be observed in the maps of figures 2 and 3. Spatial dependence follows the 
principle that most occurrences have a relationship that depends on the distance, that is, 
their distribution in the territory18. The statistically significant global Moran index revealed 
the existence of positive spatial autocorrelation in the incidence of TB-HIV co-infection, 
and the local Moran index allowed the delimitation of spatial clusters. 

When formulating prevention and control measures for TB-HIV co-infection, the 
determining aspects of HIV transmission and control in large urban centers should be 
considered. Some studies have described the patterns of spatial distribution of HIV/AIDS 
in the MSP20,23, which are similar to that observed in TB-HIV co-infection in our study. 
TB and HIV/AIDS control programs must configure collaborative actions, both in 
expanding access to HIV infection diagnosis and timely introduction of ART, as well as 
in TB prevention through the investigation and treatment of latent infection, in addition 
to focusing on the groups most vulnerable to infection and illness1,5,21.

The geospatial pattern of TB in São Paulo, which reveals strongly affected areas, such as 
the city center and peripheral areas of the North and East regions15,19, also approaches the 
spatial distribution of the incidence rates of TB-HIV co-infection observed in our study. The 
contact with people with the active disease is an essential risk factor for TB infection, i.e., 
individuals that live or work in environments with high rates of the disease are at higher 
risk of exposure to bacillus16. In this sense, knowing the areas with high incidence of TB 
can contribute to the active search of cases and the breaking of the transmission chain; 
in the case of populations at higher risk, such as individuals living with HIV/AIDS, this 
becomes even more necessary7.

A recent study conducted in Uganda29 identified space clusters of each disease (TB and 
HIV/AIDS) and TB-HIV co-infection, and concluded that TB rates were positively influenced 
in the territory by HIV rates and vice versa, that is, it would be necessary to simultaneously 
approach both diseases for its effective management. Another analysis conducted in Kenya30 

also identified a heterogeneous concentration of TB-HIV co-infection cases in the country 
and stressed the importance of more focused interventions in these regions for better 
resource allocation.

São Paulo is the most populous city in Brazil13 and has a high population density, especially 
the most central areas, which present an important urban agglomeration, whether of 
residents, workers, health units and public transport users, which causes intense people flow, 
in addition to a greater possibility of transmission of diseases such as TB6,31. In our study, 
all AD that are part of the high-risk cluster for TB-HIV co-infection have high demographic 
densities32, an aspect that has been related to high TB rates in Brazil33.

When studying a health problem with strong and recognized social determination such 
as TB, spatial analysis can contribute to the understanding of the health situation of 
individuals, since the territory goes beyond the meaning of a purely geographical space, also 
reflecting its insertion in society and its potentials of coping in the health-disease process9,18. 
However, in Brazilian studies34,35, high TB-HIV co-infection rates were identified also in 
regions with good socioeconomic indicators, which differs from the traditional panorama 
found in TB, which mainly affects populations with strong social exclusion. An indicator 
commonly used to assess the level of development of countries or regions is the human 
development index. This index, which varies between 0 and 1, is called municipal human 
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development index (MHDI) when used on a municipal scale, composed of three dimensions: 
longevity, education and income36. When analyzing the regions of the spatial cluster at 
high risk for TB-HIV co-infection, we observe that they present high human development 
and even very high development when only the dimensions of income and longevity are 
evaluated36. This may indicate a differentiated social context in the regions most impacted 
by TB-HIV co-infection, a pattern that is different from that found in the literature in 
relation to TB33. Understanding the aspects that determine the concentration of TB-HIV 
co-infection cases in the MSP can contribute to TB control in the regions at greatest risk 
and facilitate the formulation of health policies for a more effective organization of TB and 
HIV/AIDS care services.

The sociodemographic profile of the co-infected population shows the prevalence of men and 
of people in economically active age7,37. In our study, the population without fixed residence 
presented a two-fold proportion of black or brown people when compared with white people, 
corroborating other studies on TB and HIV/AIDS in homeless individuals19,26,38. Racial 
inequalities are determinants of health inequality, since they affect social relationships, 
self-esteem and access to health care. The low education of the homeless population and 
an important portion of individuals with fixed residence have already been described in 
studies on TB-HIV co-infection and may have an impact on understanding the aspects 
related to the disease and treatment7,38.

The diagnosis, mostly made in emergency services, may reflect advanced stages of the 
disease, when, finally, the diagnosis is made and treatment is initiated. Frequently, HIV 
infection is diagnosed concomitantly with TB, implying a huge impact on the lives of 
these individuals, who, in addition to dealing with two debilitating infectious diseases, 
each with its specific complexity and treatment, already have a lower chance of cure 
than individuals not infected with HIV39. The portion diagnosed after death, especially 
among individuals without a fixed residence, shows the great difficulty of access to a 
health service experienced by this population26,27, who dies without a diagnosis and the 
opportunity to treat the disease.

The predominance of the pulmonary form, present in almost 90% of the co-infected 
population without fixed residence, is related to the higher risk of transmission, which is 
increased by aspects such as environmental exposure, precarious accommodation and 
food conditions and situations of agglomeration27. Nevertheless, the extrapulmonary form 
also presented relevant magnitude. In fact, in individuals with important immunological 
impairment and advanced AIDS, extrapulmonary forms of TB are more common7,37,40. 
However, the adequate use of ART allows the maintenance of immunocompetence and is 
associated with a decrease in the incidence of TB40. 

In Brazil, care for people living with HIV/AIDS is decentralized, being ideally conducted 
in primary care and specialized care services (SAE), from the diagnosis of infection, 
introduction and monitoring of ART to the prevention and treatment of associated 
diseases5,21. In this sense, the investigation of TB in all care to individuals with HIV/AIDS is 
a primary action for the timely diagnosis of patients with active TB, being useful also in the 
prevention of TB illness, since it enables the diagnosis and treatment of latent infection41.

Alcoholism and drug addiction were observed in an important portion of the population, 
especially among individuals on the streets. A study conducted in Lima, Peru37, 
showed a higher frequency of use of these substances in co-infected individuals than 
in HIV-negative TB cases. The literature also suggests that the use of psychoactive 
substances is related to the development and transmission of TB, since they decrease 
individuals’ immunological defense16. Moreover, the association between the harmful 
use of alcohol and other drugs and unfavorable treatment outcomes, such as drop out, 
is remarkable16,27,38. The importance of investigating these diseases in diagnosis and 
during treatment is emphasized, as a way to identify the difficulties for the treatment 
and strengthen the bond with the health team.
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In our study, a total of 97.7% of the cases had the treatment outcome registered in the FN-TB 
and, in this group, cure rates were below the recommended (≥ 85%) and lower than those of 
individuals not infected with HIV in the same social context19. In the association between 
TB and HIV, the risk of death during treatment is 3 to 19 times higher than in individuals 
not infected with HIV39. Previous studies also corroborate the lowest proportions of cure 
in co-infected patients37,38,40,42, and in this perspective, more robust health policies are 
needed, focusing on the population living with HIV and suffering from TB, with integrated 
strategies that contribute to the early diagnosis, proper management of diseases and 
treatment adherence. 

In individuals co-infected with HIV, directly observed treatment (DOT) has been shown 
to be even more necessary, due to the complexity of the diseases and the possibility of 
drug interactions with ART2,21, and should be offered to all TB patients21. In 2017, however, 
among the co-infected cases that used ART, only 22.1% were in DOT and, in the group that 
did not use ART, the proportion that treated TB with supervision was even lower (13.9%)5. 
Epidemiological surveillance plays a fundamental role in the articulation with the care 
network and in case monitoring, which may contribute to timely interventions of the health 
team and to the expansion of DOT, strengthening the control of the disease in the territory5.

In the population without fixed residence, treatment outcomes are even more unfavorable, 
with almost twice the dropout rate of the population with fixed residence and the cure 
achieved by only one third of the individuals undergoing treatment, findings corroborated 
by other studies27,38. Considering the numerous social, individual and programmatic 
vulnerabilities experienced by these individuals some can be highlighted, such as poor 
daily feeding, alcohol abuse and other psychoactive substances, difficulties in accessing 
and referring to a health service and stigma and prejudice towards society26,27,38, which can 
hinder access to health care and contribute to low treatment.

In this sense, differentiated strategies are essential to deal with the challenge of treatment 
adherence by homeless population. Intersectoral articulation, with partnerships with social 
assistance, social organizations and the support of civil society itself, is essential for the 
success of actions15. The relevance of DOT to enhance the treatment through approximation 
with the health team and the offer of social incentives, being important for these individuals 
that experience a singular and challenging social context for the treatment and disease 
control27,38,43. The homeless population should be considered in the formulation of specific 
policies to control TB-HIV co-infection. Health professionals and services must be prepared 
to meet their demands, not only looking at clinical aspects, but also integrating the social 
approach and the strengthening of citizenship.

Ecological studies have some limitations. It is not possible to affirm that the conclusions 
occur similarly at the individual level with an aggregate data analysis44. The AD as a 
spatial unit of analysis presents a large territorial extension and with heterogeneity 
of characteristics; however, since it is an administrative division, its use can facilitate 
decision-making during the planning and organization of control actions focusing on 
priority areas.

Moreover, the data used are secondary, coming from an epidemiological surveillance 
information system powered by case notifications, and may contain filling failures, outdated 
data and lack of information; therefore, analyses should be carefully interpreted. Incomplete 
information can hinder the real understanding of who is getting sick and, thus, interfere in 
the planning of control actions45, which can be modified and improved through education, 
either during academic training or in the continuous training of professionals and by the 
qualification of information by probabilistic relationships among the databases used in 
epidemiological surveillance5.

The knowledge of the use of ART could provide more elements for understanding the 
clinical evolution of these individuals. This variable was only included in the FN-TB in 2016, 
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allowing the analysis of the individuals included in our study; however, it may add important 
aspects in future analyses of this disease5. Finally, the results of our study can help in the 
organization of health care services and in the improvement of collaborative activities by 
TB and HIV/AIDS control programs, strengthening actions for prevention, diagnosis and 
treatment of TB-HIV co-infection.
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