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ABSTRACT
Objective: To analyze the coverage of directly observed treatment according to the risk of 
tuberculosis/human immunodeficiency virus coinfection and unfavorable outcomes. 
Methods: Ecological study with secondary data related to 10,389 new cases of coinfection notified 
in the state of São Paulo, Brazil, from 2010 to 2015. They were analyzed by applying local Moran’s 
index, spatial scan statistics, and hierarchical Bayesian models.
Results: The São Paulo metropolitan area and Baixada Santista concentrate the highest incidence 
of coinfection and treatment default. Low coverage of directly observed treatment was associated 
with areas at risk for the coinfection and higher withdrawal risk. The city of São Paulo, the coastal 
region, and the Ribeirão Preto area showed a higher incidence of deaths, which did not show an 
association with the coverage of directly observed treatment. Conclusion: Low coverage of directly 
observed treatment was associated with a higher risk of coinfection and treatment default. 
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COBERTURA DE TRATAMENTO DIRETAMENTE OBSERVADO 
SEGUNDO O RISCO DE COINFECÇÃO TB/HIV E DESFECHOS 
DESFAVORÁVEIS
RESUMO
Objetivo: analisar a cobertura do tratamento diretamente observado segundo o risco de 
coinfecção tuberculose/vírus da imunodeficiência humana e desfechos desfavoráveis.
Método: estudo ecológico com dados secundários relacionados aos 10.389 casos novos de 
coinfecção notificados no estado de São Paulo de 2010 a 2015. Dados analisados pelo Índice 
Local de Moran, estatística de varredura espacial e Modelos Bayesianos Hierárquicos.
Resultados: região metropolitana de São Paulo e Baixada Santista concentraram maior 
incidência de coinfecção e abandono ao tratamento. Baixa cobertura de tratamento 
diretamente observado esteve associada aos territórios em risco para a coinfecção e maior 
risco de abandono. Município de São Paulo, região litorânea e região de Ribeirão Preto 
apresentaram maior incidência de óbito, o qual não apresentou relação com a cobertura do 
tratamento diretamente observado.
Conclusão: baixa cobertura de tratamento diretamente observado apresentou associação 
com maior risco de coinfecção e abandono do tratamento.

DESCRITORES: Tuberculose; Síndrome de Imunodeficiência Adquirida; Coinfecção; Pesquisa 
sobre Serviços de Saúde; Pesquisa Operacional.

COBERTURA DE TRATAMIENTO DIRECTAMENTE OBSERVADO 
SEGÚN RIESGO DE COINFECCIÓN TB/VIH Y DESENLACES 
DESFAVORABLES

RESUMEN
Objetivo: Analizar la cobertura del tratamiento directamente observado según el riesgo de 
coinfección tuberculosis/virus de la inmunodeficiencia humana y desenlaces desfavorables.
Método: Estudio ecológico con datos secundarios relacionados con los 10.389 nuevos casos 
de coinfección informados en el estado de São Paulo de 2010 a 2015. Datos analizados 
mediante Índice Local de Moran, estadística de muestreo espacial y Modelos Bayesianos 
Jerárquicos.
Resultados: La región metropolitana de São Paulo y Baixada Santista concentraron mayor 
incidencia de coinfección y abandono del tratamiento. La baja cobertura de tratamiento 
directamente observado estuvo asociada a las áreas con riesgo de coinfección y mayor 
grado de abandono. El Municipio de São Paulo, la región litoral y el área de Ribeirão Preto 
expresaron mayor incidencia de decesos, no relacionándose ello con la cobertura del 
tratamiento directamente observado. 
Conclusión: La baja cobertura de tratamiento directamente observado mostró asociación con 
mayor riesgo de coinfección y abandono del tratamiento.  

DESCRIPTORES: Tuberculosis; Síndrome de Inmunodeficiencia Adquirida; Coinfección; 
Investigación sobre Servicios de Salud; Investigación Operativa.
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INTRODUCTION 

METHOD

Tuberculosis (TB) remains a serious public health problem, mostly affecting people 
living in developing countries, which makes its eradication increasingly distant from the 
target established by the WHO End TB strategy, namely less than one case per 100,000 
people(1).

In 2015, 10.4 million TB cases were notified worldwide, of whom 1.1 million 
(10.6%) were people living with the human immunodeficiency virus (HIV) or the acquired 
immunodeficiency syndrome (PLHA)(1). In this scenario, Brazil is ranked twentieth regarding 
the viral load and nineteenth concerning TB/HIV coinfection(2). 

The TB/HIV coinfection is one of the main barriers to control TB(3), given that the 
presence of both conditions leads to higher chances of unfavorable outcomes, such as 
treatment default or death(4). In 2015, the default rate among patients coinfected with TB/
HIV was 11.6% and the death rate was 17.8%, numbers significantly higher than the targets 
advocated by the World Health Organization, which are currently 5% and 1%, respectively(5).  

The directly observed treatment (DOT) strategy can be an ally to reach these goals. 
It is a resource to promote treatment adherence and success(6), since it guarantees that 
patients will take medications and strengthens the bond between them and health services 
and professionals(7). In Brazil, the cure rate is 70.4% approximately, but implementing DOT 
could increase that number to 90% and allow to reach the established target of 85%(4).

Considering the current challenges to eliminate TB, it is important to carry out 
investigations that can show the DOT coverage and its impact on treatment outcomes. 
The present study had the objective of analyzing the DOT coverage in municipalities in 
the state of São Paulo, Brazil, according to the risk of TB/HIV coinfection and unfavorable 
outcomes.

Ecological study(8) carried out in the 645 municipalities of the Brazilian state of São 
Paulo, which accounts for around 9.9% (1,963) of the cases of TB/HIV coinfection in the 
country(9). 

The study population met the following inclusion criterion: new cases of TB with 
coinfection by HIV of people living in the state of São Paulo, between 2010 and 2015. 
The established exclusion criteria were: people from the prison system and cases whose 
outcome were failure, change of diagnosis, or transfer to another state. Data were collected 
in December 2017 from the System for Notification and Monitoring of TB Cases (TBWEB) 
and public databases of the Brazilian Institute of Geography and Statistics. Treatment of 
obtained data proceeded after the exclusion of cases according to the mentioned criteria 
and those whose anti-HIV tests were negative, in progress or lacked information.  

Data analysis included the calculation of the annual incidence of TB/HIV coinfection 
cases by carrying out the direct standardization using the patients’ covariables gender and 
age (≤14 years, 15 to 59 years, and ≥60 years), and considering the total population of the 
state as the standard population(10).

The proportions of unfavorable outcomes, that is, treatment default or death, in 
cases of TB/HIV coinfection were calculated by municipality. Deaths caused or not caused 
by TB were included, given that the latter mostly correspond to deaths by HIV.

An incidence rate and a proportion of unfavorable outcomes were attributed to 
each municipality, and subsequently choropleth maps were produced using the ArcGIS 
10.6 software. In the elaboration of incidence ranges of those maps, the first range was 
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defined as the absence of registered cases in the municipality, and the other ranges were 
established by following the approximation method entitled Natural Breaks, developed by 
Jenks(11).  

To identify the areas showing risk for incidence of cases and unfavorable outcomes, 
the researchers initially used the local Moran’s index (local indicators of spatial association 
or LISA). This is a spatial cluster localization analysis that takes into account both the effect 
of neighboring municipalities and the average values of all the studied area, in this case 
the state of São Paulo(12). 

The results classify the areas into hot (High-High), cold (Low-Low), and spatial outliers 
(High-Low and Low-High). Only the High-High and Low-Low regions were considered for 
the elaboration of subsequent maps and examinations. 

These analyses require a spatial relationship parameter (spatial weight), that is, 
a model of interaction between the studied municipalities, the incidence rate, and the 
proportion of unfavorable outcomes. Spatial interpolation is fundamental to understand 
spatial standards(13) and may influence the results significantly(14), so three models were 
applied to increase the capacity of the present study to detect clusters.

The first one, entitled Inverse Distance Weighting, uses the distance between the 
examined units as a weighting element of the spatial weight. This way, all the municipalities 
influence each other, but the neighboring ones have a higher weight in the relationship(15).

The second and third methods determine the level of spatial relationship based on 
the borders of the analyzed units. They are known as Natural Neighbor or Spatial Contiguity 
and were developed by Sibson (1981)(16). The first type of the model was designated Rook, 
and the second was entitled Queen.

After carrying out the mentioned procedures, spatial scan statistics(17) was applied 
to the data. It counts the TB/HIV coinfection cases or the number of people who gave up 
treatment or died per analysis unit. The identification of risk areas in this type of analysis is 
performed considering that the data follow a Poisson distribution, with a standardization 
by the covariables gender and age. 

The scan allowed to classify the risk areas based on the relative risk and their 
respective 95% confidence intervals (CI). The SaTScan version 9.4 software was used, with 
no overlapping of risk areas, 999 replications for Monte Carlo simulations, and circular risk 
areas.

The proposal by Han et al. (2016)(18) was used in the definition of the maximum cluster 
size, which allowed to determine 30% of the population at risk as the maximum population 
in the circular analysis interval in the three analyzed events.

Subsequently, the 645 municipalities were categorized as belonging or not to one 
of the risk areas for incidence, treatment default, and death so the hierarchical Bayesian 
models could be developed. Specifically for LISA, risk areas were considered as those in 
the High-High category. After defining this as the response variable, logistic regression 
with binomial distribution was applied, which showed the relationship between the risk 
areas and the DOT coverage per municipality. They were classified into three categories: 
high, with ≥80% of DOT coverage; intermediate, 31% to 79% of DOT coverage; and low, 
with ≤30% of DOT coverage. Indicated and not carried out DOT data were used.     

Still regarding this model, the non-completion of this piece of information at TBWEB 
(missing data) per municipality was considered to remove possible confusing effects in the 
analysis.

After application of logistic regression, the insertion of the spatial effect was also 
considered based on the model by Besag, York, and Mollié(19), which takes into account 
random effects specific to the area by including two components: effects that vary in space 
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in a structured way, that is, correlated clustering or heterogeneity; and effects that vary 
along the analyzed areas in a nonstructured way, that is, non-correlated heterogeneity. The 
models with and without the spatial component were compared based on the Watanabe–
Akaike information criterion value, and the model with the lowest estimator value was 
selected.

Statistical models were developed for each response variable, incidence of TB/HIV 
coinfection cases and people who gave up the treatment or died. Additionally, the odds 
ratio (OR) and the 95% credibility interval were calculated for each explanatory variable. 
Noninformative priors were considered for the analyses and the subsequent distributions 
were obtained by using the integrated nested Laplace approximation, available in the R 
software in the R-INLA package(20). 

The present study was approved by the Research Ethics Committee of the Ribeirão 
Preto College of Nursing at the University of São Paulo as per report no. 1,617,513.

The search resulted in a total of 10,389 cases of TB/HIV coinfection, among which 
7,479 (72%) were men and 2,910 (28%) were women, and 9,980 (96.1%) belonged to the 14 
to 59 years age group. The distribution of the cases in the municipalities was: capital of the 
state (the city of São Paulo) and the São Paulo metropolitan area: 6,290 or 60.5%; interior 
of the state: 3,113 or 30.0%; and coastal region: 986 or 9.5%. Regarding the outcome, 
5,847 (56.3%) patients were cured, 2,396 (23.1%) died, and 2,047 (19.7%) had treatment 
default. 

The spatial distribution of the incidence rates of TB/HIV coinfection cases and the 
proportion of unfavorable outcomes in the TB treatment can be seen in Figure 1. 
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Figure 1 – Spatial pattern of the TB/HIV coinfection and unfavorable outcomes in the state of São Paulo, 
Brazil (2010-2015). Ribeirão Preto, SP, Brazil, 2019 
Caption: A – Incidence of the TB/HIV coinfection (cases/100,000 people). B – Proportion of cases of TB/HIV 
coinfection that had TB treatment default (%). C – Proportion of cases of TB/HIV coinfection that died (%).

The highest incidence rates were concentrated in the São Paulo metropolitan area 
and Baixada Santista, but it was found that some municipalities in the interior of the state 
had equally high incidence rates without being necessarily surrounded by municipalities in 
the same situation. It is important to mention that 13 (2%) municipalities showed incidence 
rates higher than 20 per 100,000 people. 
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Regarding the unfavorable outcomes in people with the TB/HIV coinfection, the 
observed treatment default pattern was similar to that found for case incidence, that is, 
municipalities nearer the São Paulo metropolitan area showed a higher default frequency. 
In contrast, the distribution of patients who died in the state seems to have a random 
pattern, given that some municipalities located in the interior of the state had a high 
proportion of patients who died without having neighboring municipalities in the same 
situation. However, it is relevant to point out that the São Paulo metropolitan area showed 
a certain concentration of this event. 

Concerning the local Moran’s index and the case incidence (Figure 2), the São Paulo 
metropolitan area showed a High-High cluster in the three used spatial interpolation 
methods. The Low-Low cluster proved to have a higher number of municipalities and 
concentrated in the northwestern region of the state.

Figure 2 – Spatial distribution of incidence rates of TB/HIV coinfection and proportions of unfavorable 
outcomes in the state of São Paulo, Brazil (2010-2015). Ribeirão Preto, SP, Brazil, 2019 
Caption: A – Incidence rate of TB/HIV coinfection (cases/100,000 people). B – Proportion of cases of TB/HIV 
coinfection that gave up the TB treatment (%). C – Proportion of cases of TB/HIV coinfection that died (%). 
A1, B1, C1 - Contiguity edges corners; A2, B2, C2 - Contiguity edges only; A3, B3, C3 - Inverse distance.

Local indicators of spatial association analysis showed a High-High cluster in the 
São Paulo metropolitan area, the Ribeirão Preto region, and the municipalities of Lençóis 
Paulista and Leme. The municipalities of Rio Claro and Piracicaba were considered as being 
part of the High-High cluster. The Low-Low cluster was more frequent in the northwestern 
region and the border with the state of Minas Gerais.

In the analysis of death occurrences in cases of TB/HIV coinfection, a few municipalities 
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that contributed to the High-High cluster significantly were identified. For the Low-Low 
cluster, the northwestern region was more prominent. 

Spatial scan analysis of the cases identified four risk areas, shown in Figure 3. Risk 
area 1 was located in the capital of the state, and risk area 2 was in the coastal region. The 
interior of the state accounted for two risk areas, the first one including Ribeirão Preto, 
Cravinhos, and Dummont (risk area 3) and the second one being the city of São José do 
Rio Preto (risk area 4).

Figure 3 – Critical areas for TB/HIV coinfection, TB treatment default, and death among cases of coinfection 
in the state of São Paulo, Brazil (2010-2015). Ribeirão Preto, SP, Brazil, 2019
Caption: A – Risk areas for the incidence of TB/HIV coinfection. B – Risk areas for TB default treatment in 
cases of TB/HIV coinfection (%). C – Risk areas for death in cases of TB/HIV coinfection (%). 
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Regarding treatment default, the scan identified two risk areas: the city of São Paulo 
and Santos. Three risk areas were identified for deaths associated with the coinfection: the 
city of São Paulo, the coastal region of the state, and the Ribeirão Preto region.

Subsequently, the three proposed models were verified by applying Bayesian analyses 
(Table 1), with the response variables being the risk areas for incidence, treatment default, 
and death. In all analyses, the model designed with the spatial component was the one 
that showed the best Watanabe–Akaike information criterion estimator.

Table 1 – Results of the regression associating risk areas for incidence and unfavorable outcomes of TB/HIV 
cases and directly observed treatment. Ribeirão Preto, SP, Brazil, 2019

Explanatory variable Odds Ratio (95% credibility interval)
Risk areas for 

incidence*
Risk areas for 

treatment 
default†

Risk areas for 
death‡

Coverage of directly observed treatment
≥ 80% 1 1 1
31% – 79% 1.10 (0.31- 4.10) 3.39(1.03-12.15) 2.92(0.94-9.04)
≤ 30% 0.18(0.03-0.76) 0.13(0.02-0.57) 0.01(0.01-9.30)
Lack of completion of the notification form 
regarding treatment type (continuous variable)

3.81(0.30-35.61) 1.33(0.09-14.62) 0.78(0.02-18.49)

*Watanabe-Akaike Information Criterion with spatial component = 133.73; without spatial component = 187.98. Special structure 
explained 36% of data variability.
†Watanabe-Akaike Information Criterion with spatial component = 145.89; without spatial component = 250.93. Special structure 
explained 30% of data variability.
‡Watanabe-Akaike Information Criterion with spatial component = 253.14; without spatial component = 263.71. Special structure 
explained 97% of data variability.

Concerning incidence, assuming a DOT coverage equal to or higher than 80% of the 
coinfection cases as a reference value, data indicated a relationship between risk areas and 
low DOT coverage (OR = 0.18; 95% credibility interval = 0.03-0.76). Regarding treatment 
default, there was an association of risk areas for this outcome with and intermediate (OR 
= 3.39; 95% credibility interval  = 1.03-12.15) and low DOT coverage (OR = 0.13; 95% 
credibility interval  = 0.02-0.57), with a DOT coverage equal to or higher than 80% of the 
coinfection cases being used again as a reference value. No evidence of association of risk 
areas for death with DOT coverage was found.

DISCUSSION 

The regions that showed risk areas in cluster analyses have the marked characteristics 
of being populous, with considerable socioeconomic inequalities, and intense human 
flow(21). Large urban centers usually show a higher number of notifications of TB cases, 
a fact that matches the higher rate of occurrence of risk factors for the development of 
TB and its unfavorable outcomes, such as intravenous drug abuse, migration and lack of 
habitation, and social inequality.

Additionally, these are tourist and port regions, because of both including the capital 
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of the state and the largest economic center in the country and being coastal areas, which 
may impair control actions for the coinfection. These results are compatible with those of 
a study carried out in Portugal(22), which identified that the main urban areas belonging to 
tourist regions showed the highest default rates in TB cases. 

The different spatial analyses performed in the present study allowed to achieve a 
more comprehensive screening in risk areas for the incidence of TB/HIV coinfection and 
unfavorable outcomes. This approach increases the understanding of the coinfection 
distribution in the São Paulo state and shows possible critical areas that demand intervention 
actions. The largest risk areas in the state were observed for incidence and treatment 
default, which may indicate that characteristics inherent in these regions are relevant for 
the spatial distribution of the cases and treatment default.

Analysis of the association of risk areas with the DOT coverage identified an important 
relationship. It is known that DOT is more effective than the self-administered modality for 
treatment success(23). Despite all the challenges faced to operationalize DOT, involving, 
for instance, the organization of health services and of the geopolitical and management 
context and the need for healthcare professionals and local governments to adapt to it, 
there were improvements in TB control indicators after the implementation of this policy, 
especially in vulnerable populations(24). 

The Brazilian Ministry of Health considers as DOT the effectuation of at least 24 
medication administrations watched by a professional of the health team during the 
loading dose phase and 48 medication administrations watched by a professional of the 
health team during the maintenance phase. The procedure can be carried out both at the 
patients’ homes and health units(4). 

Actions oriented toward preventing TB treatment default are necessary, given that 
it increases the chances of antibiotic resistance, transmission of diseases, morbidity, and 
mortality(25). The targets of these actions must be the populations more likely to give up the 
TB treatment, such as PLHA, street dwellers, drug users, and persons deprived of freedom, 
among others(26). 

The main reasons that lead patients with TB/HIV coinfection to give up the TB 
treatment relate to the fact that they feel healed after the improvement of the symptoms; 
the intolerance to the medications’ adverse effects; their unfavorable socioeconomic 
condition; the impossibility to be absent at work, which limits the attendance to the health 
service to have medical appointments and get the medications; and the use of alcohol 
and ilicit drugs, which reduce the patients’ perception of the importance to adhere to the 
treatment. Deficiencies in health services, including inadequate physical structure, reduced 
human resources, and limited access to health actions and services also contribute to 
nonadherence(27).

The proposed classification for the DOT coverage in the municipalities in the state of 
São Paulo was essential to explain the possible relationship between DOT and occurrence 
of risk areas. Municipalities that have a DOT coverage lower than 30% possibly are those 
with a lower incidence of coinfection cases, which makes the DOT strategy not to be 
effectively implemented by health services because priority is given to regions with a higher 
incidence of cases. 

However, municipalities with a DOT coverage between 31% and 79% were those with 
the highest probability of turning into risk areas for treatment default, which may indicate 
that, although these places are more endemic for the disease, the coverage is not high 
enough to reach all the patients, leading to a higher rate of the outcome. Comparatively, 
municipalities that have a DOT coverage higher than 80% reduce their probability to 
become risk areas for default and show a greater capacity of access of patients with the 
coinfection to DOT.

Regarding the death outcome, analyses did not point to a relationship with the DOT 
coverage. It is important to emphasize that there are many factors that may be related to 
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the death of people with TB/HIV coinfection, including the potential of the medications, 
the implementation of programs, and clinical characteristics, which are specific to each 
case. These factors may explain both the non-association with the DOT coverage and 
the heterogeneity in the spatial distribution found in spatial analyses. However, health 
actions to reduce mortality in TB/HIV coinfection cases must be oriented toward this 
specific population, given that these people’s condition is related to a higher probability of 
evolving into death in comparison with PLHA who do not have TB(3).   

Although the mortality rate in TB/HIV coinfection cases is high, the Brazilian Unified 
Health System has strategies that favor the improvement of this indicator and which 
go beyond offering DOT. These strategies include freely dispensing tuberculostatic 
and antiretroviral medications, continuously updating clinical protocols and therapeutic 
guidelines, and preventing HIV transmission by offering condoms and intimate lubricants 
indiscriminately(28,29).

To reach the goals proposed by the End TB strategy, it is necessary to improve 
the access to TB diagnosis and the handling of multidrug-resistant TB and act on the 
conditions for TB/HIV coinfection(6,30). Consequently, it is necessary to develop operational 
studies, which play a relevant role in this process, because they can point the challenges 
to implement public policies and provide evidence from the patients’ and health system’s 
perspective(30).

One of the main challenges to control TB/HIV coinfection is the coordination of the 
programs of both diseases(2). The diagnosis and treatment of these patients are carried out 
sometimes through the TB Control Program, sometimes through the Sexually Transmitted 
Diseases/AIDS program. Therefore, treatment success may be related to the management 
of the programs and their capacity to coordinate TB- and HIV-related actions.

The present study has limitations regarding the use of secondary data, which may 
have inconsistencies and missing data, causing information bias.

The São Paulo metropolitan area and Baixada Santista showed a higher risk for TB/
HIV coinfection, as well as for TB treatment default and deaths. The present study brought 
progress to the use of statistical methods when analyzed whether these factors were 
associated with DOT coverage and identified that a lower DOT coverage was associated 
with the emergence of risk areas for the incidence of TB/HIV coinfection and TB treatment 
default. The findings may help managers apply public policies oriented toward these 
regions to achieve a more comprehensive and effective implementation of DOT and reach 
out populations more vulnerable to the coinfection.
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