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Abstract
Background
A diagnosis of tuberculosis (TB) does not mean that the disease will be treated successfully, since death may occur even among those who are known to the health services. Here, we aimed to analyze patient survival time from the diagnosis of TB to death, precocious deaths, and associated factors in southern Brazil.

Methods
We conducted a longitudinal study with patients who were diagnosed with TB and who died due to the disease between 2008 and 2015 in southern Brazil. The starting point for measuring survival time was the patient’s diagnosis date. Techniques for survival analysis were employed, including the Kaplan-Meier test and Cox’s regression. A mixed-effect model was applied for identifying the associated factors to precocious deaths. Hazard ratio (HR) and odds ratio (OR) with 95% confidence intervals (95% CI) were estimated. We defined p value <0.05 as statistically significant for all statistics applied.

Results
One hundred forty-six patients were included in the survival analysis, observing a median survival time of 23.5 days. We observed that alcoholism (HR=1.55, 95% CI=1.04-2.30) and being male (HR=6.49, 95% CI=1.03-2.68) were associated with death. The chance of precocious death within 60 days was 10.48 times greater than the chance of early death within 30 days.

Conclusion
Most of the deaths occurred within 2 months after the diagnosis, during the intensive phase of the treatment. The use of alcohol and gender were associated with death, revealing inequality between men and women. This study advanced knowledge regarding the vulnerability associated with mortality. These findings must be addressed to fill a gap in the care cascades for active TB and ensure equity in health.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s41182-021-00320-4.
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Background
Even though the treatment of tuberculosis (TB) has been established since the late 1940s, worldwide, TB is one of the top 10 causes of death and the leading cause from a single infectious agent (Mycobacterium tuberculosis) [1]. In 2019, a total of 1.4 million HIV (human immunodeficiency virus)-negative people, in addition to some 300,000 people living with HIV/AIDS (PLWHA), died as a result of TB [1]. At present, a group of 30 countries accounts for 87% of TB cases worldwide, and Brazil is currently in 19th place in this world ranking [1], where the incidence of TB in 2019 was 36 cases/100,000 inhabitants, and the mortality was 2.2 deaths/100,000 people [2].
The geographical distribution of TB deaths is marked by inequalities and regional heterogeneities in the country, which ranges from 1.3 deaths/100,000 in the central-west region to 2.5 deaths/100,000 in the north [3]. The differences are more pronounced when considering the Brazilian capitals [3]. Mortality due to TB is strongly associated with vulnerabilities and social inequalities, and understanding this dimension of the problem is considered a fundamental strategy to elaborate public policy, advance equity, and mitigate the suffering occasioned by the disease, mainly in the population at risk [4].
The literature has evidenced the factors associated with TB death such as age, being male, coinfection HIV, diabetes mellitus, alcohol consumption, and tobacco smoking [5–7]. Vulnerability has also been identified with regard to lower educational level and income, socio-economic factors, location of one’s abode, unemployment, informal work, and homelessness [5, 8]. The association of TB deaths with failures in treatment has been investigated; failures occur mainly because of the side effects of drugs, vulnerabilities, non-inclusive and/or unfriendly policies of health services, non-unique therapeutic projects, and the absence of a link to health professionals [9].
Although these factors are well-known in the literature, we did not observe a distinction among the studies in relation to the time in which death occurred [4], as if the associated factors were independent of time. TB deaths that occur with a known diagnosis are serious and indicate that, at some stage of the care cascade, a gap existed that needs to be fixed to ensure the continuity of treatment, successful treatment, and adequate quality of care [10]. Thus, estimating how long patients survive and specifically when they died during treatment, and if this death was precocious (the first 60 days after diagnosis [11, 12]), may contribute to improving care and advancing the End TB strategy for disease elimination.
Although studying the survival time of patients and associated causes is crucial for improving care and surveillance, in practice, few studies have been performed on this issue [4], mainly in Brazil where the number of TB deaths is still high. Patients dying in the first stage of treatment (intensive phase), i.e., a precocious death, is unjustifiable and conflicting from a quality of care perspective, since the expectation is that patients will show progressive improvement in their health condition. Here, we aimed to analyze patient survival time from the diagnosis of TB to death, precocious deaths, and associated factors in southern Brazil.
Methods
Study design
This was a longitudinal study that followed TB patient survival, from the diagnosis date to the date of death through secondary data.
Settings
The study was conducted in Curitiba, the capital of the State of Paraná, with an estimated population of 1,971,185 people and a demographic density of 4027.04 people per square kilometer [13]. This is a Brazilian state capital with a Human Development Index (HDI) of 0.823, placing Curitiba in tenth place in the national ranking. The percentage of people considered to be poor is at 1.73%, while 7.93% of the population is vulnerable to poverty; the GINI Index score is 0.55 [14]. The municipality of Curitiba had the following coefficients: prevalence of 14 cases per 100,000 people and mortality of 1.2 per 100,000 people [15]. The deaths were clustered in the southern region of the municipality and were associated with low HDIs in the respective regions [16].
Participants, inclusion, and exclusion criteria
The participants of the study were patients with a diagnosis of TB, including cases of HIV coinfection, and who died due to disease between 2008 and 2015 considering causes A15.0 to 19.0 and B20.0 according to the International Classification of Diseases and Related Health Problems 10 (ICD-10). The criteria defined for diagnosis in Brazil are based on the recommendations of the Ministry of Health, which include medical history, physical examination, microbiological examination (sputum or some other appropriate sample) through microscopy or GeneXpert MTB/RIF assay (when available), and culture [17]. The certification of the cause of death is based mainly on a clinical evaluation by a physician who was following the patient or necropsy when patients died without medical assistance or in cases where the physician who provided assistance was unable to establish a diagnosis of the cause of death [18].
The basic treatment of sensitive TB (when the patient is not resistant to any of these drugs) was performed with rifampicin, isoniazid, pyrazinamide, and ethambutol for at least 6 months. If the patient was resistant to one of these drugs, the therapeutic regimen was changed and the treatment time was increased to 18 months [17]. We excluded patients when there was no record of the dates of diagnosis and death. Survival analysis was performed considering the difference between these dates.
Data source and measurement
Data were obtained from the Mortality Information System—Sistema de Informação sobre Mortalidade (SIM), and the Notifiable Diseases Information System—Sistema de Informação de Agravos de Notificação (SINAN) through the Secretariat of Health of the State of Paraná (SESA). We estimated a patient’s survival time considering the total time (in days) that elapsed between the date on which the diagnosis of TB was confirmed and the date of death as a result of TB. Once we estimated the survival time, in sequence, we also identified the precocious deaths and associated factors. All patients were considered to estimate the survival time.
Quantitative and qualitative variables under study
Table 1 shows all independent variables considered for the study. These variables organized according to socio-demographic characteristics, comorbidities, and information about the diagnosis and treatment of the patients; their classes are also described.
Table 1Independent variables under study


	Categories
	Independent variables
	Classes

	Socio-demographic characteristicsa
	Gender
	Female

	Male

	Age
	Continuous

	Ethnicity
	White/oriental

	Afrodescendant

	Educational level
	8 years of schooling or more

	7 years of schooling or less

	Marital status
	Married/common-law marriage

	Single/widowed/separated or divorced

	Comorbiditiesb
	Type of entry
	New case

	Re-entry or retreatment

	Institutionalized
	No

	Yes

	Examination: X-ray
	Normal

	Yes, suspicious results

	Clinical category
	Pulmonary

	Extrapulmonary

	Aggravation—use of alcohol
	No

	Yes

	Aggravation—diabetes mellitus (DM)
	No

	Yes

	Information of the diagnosis and treatmentb
	Examination: bacilloscopy
	Negative

	Positive

	Culture
	Negative

	Positive

	Medication used: rifampicin
	Yes

	No

	Medication used: isoniazid
	Yes

	No

	Medication used: pyrazinamide
	Yes

	No

	Medication used: ethambutol
	Yes

	No

	Medication used: streptomycin
	Yes

	No

	Medication used: other drugs (second-line TB drugs)
	Yes

	No

	Supervised treatment—DOTS
	Yes

	No


aVariables from the first database Mortality Information System Sistema de Informação sobre Mortalidade (SIM)
bVariables from the second database Sistema de Informação de Agravos de Notificação (SINAN)



Data linkage
A record linkage was necessary to join the SINAN and the SIM considering a deterministic and probabilistic method [19]. The first step of the linkage was performed from the identification of the common identifier to both systems, which was the date of diagnosis and mother’s name of the patients. In the first step, we used the functions (PROCV) provided in the software Microsoft® Office Excel 2016.
For unpaired records in this phase, in accordance with literature [19], a probabilistic linkage using automated procedures was applied in order to identify the probability of a pair of records belonging to the same individual. Each death case identified in the SIM was matched to its respective case in the SINAN. The linkage was necessary for more consistency and completeness of data from patients followed up in the study. The SIM has more current and reliable information about the deaths than the SINAN, and many cases the SINAN was out of date regarding the death record and the dates were missing, which is relevant to estimating survival time. The date of diagnosis, clinical information, and treatment were variables contained only in the SINAN. All probabilistic step processing was performed using R Studio® version 4.0.3.
Statistical methods
We applied descriptive statistics to obtain the absolute values and percentage frequencies of the categorical variables. In the case of continuous variables (time in days and age), we obtained the minimum and maximum values, arithmetic mean, median, and standard deviation (SD). The statistical analysis was performed in two phases and with different objectives. In the first one, with the objective of analyzing the survival time of patients and associated factors, we implemented the Cox proportional hazards regression model [20–22]. A descriptive analysis was carried out and the survival time was estimated for each factor under study, which were selected by statistical and clinical criteria. We elaborated the Kaplan-Meier plot for these factors [23], and in the survival analysis no outcome was censored, since the information of deaths due to TB was available for all study patients. The survival analysis was used to estimate the survival time among all patients under investigation.
Before introducing the variables into the model, we verified multicollinearity using the variance inflation factor (VIF) as the diagnostic criterion [24]. In order to assess the interaction effect between the exploratory variable considered in this phase, interaction plots were constructed for each pair of independent variables. Interaction effects occur when an independent variable, beyond affecting the dependent variable, also influences the value of another independent variable, which requires a more complex and robust analysis [25]. In the analysis, the occurrence of non-parallel lines in the respective plots was considered as the existence of an interaction [26].
Subsequently, we elaborated the Cox proportional hazards regression model with the associated factors [26] with and without interactions. To verify the consistency of the model and the non-violation of assumptions about the analysis performed, we evaluated the proportional hazard for the regression model with the chi-squared goodness of fit, following Schoenfeld [27]. Finally, we performed an analysis of the model residuals and the quality of the final adjustment [27]. Hazard ratio (HR) was calculated with 95% confidence intervals.
In the second phase, a mixed-effects model (mixed model) [28] was used to identify the factors associated with precocious deaths. Precocious deaths were categorized as yes or no, considering specifically two periods, i.e., 30 or 60 days counted from the diagnosis date.
The independent variables of fixed effects were type of entry (new case, relapse), TB-HIV coinfection (yes, no), alcoholism (yes, no), gender (male, female), age (years), and clinical form (pulmonary, extrapulmonary). For a random effect related to the patients, we assumed a normal distribution with a mean of 0 and constant variance.
Regarding the second phase, a generalized additive model for location, scale, and shape (GAMLSS) model was selected, because this model assumes that observations yi for i = 1,..., n with the conditional probability density function f (yi | θi) over θionde θi = (θi1,... θip) is a vector of parameters of size p, each one related to a set of independent variables. It also assumes a monotonous relation function, given by g (.), which relates the kth parameter θk with the exploratory variables of the model [29, 30].
In this analysis, a maximum of four parameters was required (p = 4), usually characterized by position (θ1 = μ), scale (θ2 = σ), asymmetry (θ3 = υ), and kurtosis (θ4 = τ). While the first two population parameters, represented by μ and σ, are referred to in the literature by position (or location) and scale parameters, respectively, the last two υ and τ are called shape parameters. According to this assumption, we have the following models [31]:
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where μ, σ, υ, τ, and xjk for j = 1,…, Jk ek = 1,2,3,4 are vectors of length n, βk = (β1k,… βJ′kk) is a vector of size parameters J′k, Xk and Zk are matrices of fixed, known independent variables and of orders n x J′k and n x qjk, respectively. Finally, γjk is a qjk-dimensional random variable [31]. For all parameters of the final model, the odds ratio (OR) was calculated with its respective 95% confidence interval. We defined p value <0.05 as statistically significant for all statistics employed. The power of the final models obtained from the adjustments was calculated through Monte Carlo simulations. Data analysis was performed using the program R version 4.0.1.
Results
Participants
A total of 205 cases were identified, and when the record linkage between the SIM and the SINAN was applied, 179 cases (87.3%) were potentially eligible. After application of the inclusion and exclusion criteria, including a high enough level of information that allowed follow-up of the patients retrospectively, a total of 146 patients were considered for the study. In Fig. 1, we show the flow chart presenting the number of individuals at each stage of the study.
[image: ../images/41182_2021_320_Fig1_HTML.png]
Fig. 1Flow chart of deaths analyzed in the study


Descriptive data
Among the participants of the study, 84 (57.5%) had a diagnosis of TB and 62 (42.5%) were diagnosed with TB/HIV coinfection. The descriptive results are presented in Table 2, in which 114 (78.1%) were male. The white race was most prevalent (96 cases; 65.8%), and the mean age was 47 (minimum 20, maximum 83, median = 46, and SD = 14). The most common clinical presentation was pulmonary TB, with 106 cases (72.6%). There were in total 122 new cases (83.6%) and, in 124 of the cases (84.9%), the diagnosis was confirmed by radiographic examination. In Table 2, we also can observe the proportion of the variables that were not completed satisfactorily in the SINAN, indicated as “not reported” in the Table 2.
Table 2Characteristics of the patients who died due to TB, Curitiba-Brazil


	Variables
	Categories
	All deaths

	N (146)
	(%)

	Coinfection (basic cause)a
	Yes (TB/HIV)
	62
	42.5

	No (only TB)
	84
	57.5

	Gender (14)a
	Female
	32
	21.9

	Male
	114
	78.1

	Ethnicity (133)a
	White or oriental
	96
	65.8

	Afrodescendant
	40
	27.4

	Not reported
	10
	6.8

	Years of schoolinga
	0-7 years of schooling
	84
	57,5

	8 or more years of schooling
	42
	28,8

	Not reported
	20
	13.7

	Marital statusa
	Married/common-law marriage
	46
	31.5

	Single/widowed/separated or divorced
	84
	57.5

	Not reported
	16
	11.0

	Type of entryb
	New case
	122
	83.6

	Re-entry or retreatment
	24
	16.4

	Not reported
	0
	0

	Inpatient treatmentb
	No
	115
	78.8

	Yes
	16
	11.0

	Not reported
	15
	10.2

	X-ray confirmation of diagnosisb
	No
	22
	15.1

	Yes/suspicious
	124
	84.9

	Clinical formb
	Pulmonary
	106
	72.6

	Extrapulmonary
	40
	27.4

	Alcoholismb
	No
	90
	61.7

	Yes
	50
	34.2

	Not reported
	06
	4.1

	Diabetes mellitus (DM)b
	No
	136
	93.1

	Yes
	03
	2.1

	Not reported
	07
	4.8

	Microscopyb
	Negative
	40
	27.4

	Positive
	81
	55.5

	Not reported
	25
	17.1

	Sputum culture (40)b
	Negative
	20
	13.7

	Positive
	20
	13.7

	Not reported
	106
	72.6

	Rifampicinb
	No
	06
	4.1

	Yes
	128
	87.7

	Not reported
	12
	8.2

	Isoniazidb
	No
	06
	4.1

	Yes
	128
	87.7

	Not reported
	12
	8.2

	Pyrazinamideb
	No
	06
	4.1

	Yes
	128
	87.7

	Not reported
	12
	8.2

	Ethambutolb
	No
	37
	25.3

	Yes
	97
	66.5

	Not reported
	12
	8.2

	Streptomycinb
	No
	131
	89.7

	Yes
	03
	2.1

	Not reported
	12
	8.2

	Ethionamideb
	No
	132
	90.4

	Yes
	01
	0.7

	Not reported
	13
	8.9

	Medication used: other drugsb
	No
	122
	83.6

	Yes
	07
	4.8

	Not reported
	17
	11.6

	Directly observed therapy (DOT)b
	No
	18
	12.3

	Yes
	114
	78.1

	Not reported
	14
	9.6


aVariables from the first database Mortality information system Sistema de Informação sobre Mortalidade (SIM)
bVariables from the second database Sistema de Informação de Agravos de Notificação (SINAN)



Statistics from survival analysis
The median survival from diagnosis to death was 23.5 days, with a minimum survival time of 2 days and maximum of 1688 days; the SD was 174.6 days and the mean was 73 days. The survival time according to each factor considered for the Cox proportional hazards is shown in Table 3. We found that the relapse cases were those with the highest average survival time; however, they were also the cases with the greatest dispersion in the studied population. Among the new cases, the survival time was 47.89 days and PLWHA had a longer survival time when compared to those without HIV infection. Additionally, patients with the extrapulmonary form presented a lower survival time when compared to those with pulmonary TB.
Table 3Survival time according to each factor considered for the Cox proportional hazards regression model, Curitiba-Brazil


	Explanatory variables
	N
	Mean of survival time (days)
	Standard deviation of survival time (days)
	First quartile of survival time (Q1)
	Second quartile of survival time (Q2)
	Third quartile of survival time (Q3)
	Maximum survival time

	Type of entry

	 New case
	122
	47.89
	67.83
	7.00
	21.00
	60.25
	349

	 Relapse
	24
	200.96
	384.39
	20.75
	80.50
	127.50
	1688

	TB/HIV coinfection

	 No
	84
	48.44
	79.66
	7.00
	21.00
	58.75
	513

	 Yes
	62
	106.39
	248.89
	9.25
	36.50
	100.50
	1688

	Alcoholism

	 No
	90
	70.40
	123.24
	9.25
	27.00
	87.50
	1008

	 Yes
	50
	78.92
	246.31
	7.25
	23.50
	49.75
	1688

	Gender

	 Female
	32
	69.72
	114.64
	7.75
	21.00
	65.75
	513

	 Male
	114
	73.98
	188.55
	8.00
	25.00
	81.00
	1688

	Clinical form

	 Pulmonary
	106
	77.01
	199.48
	7.25
	23.50
	77.00
	1688

	 Extrapulmonary
	40
	62.55
	78.55
	8.75
	24.50
	91.25
	310




When the factors were considered according to quartiles, in the first quartile, the variables mostly had 7 to 9 days of survival time. The second quartile, which represents 50% of the sample, ranged from 21 to 80.50, with the majority remaining between 21 and 27 days.
Figure 2 shows the curves obtained through the Kaplan-Meier survival analysis of the factors selected for the Cox model and the survival time of the continuous variable age.
[image: ../images/41182_2021_320_Fig2_HTML.png]
Fig. 2Curves obtained from the Kaplan-Meier survival analysis of the explanatory variables in patients who died of TB, Curitiba-Brazil. Legend: dispersion time according to age and survival


Figure 3 shows the interaction plots for each pair of explanatory variables according to survival time.
[image: ../images/41182_2021_320_Fig3_HTML.png]
Fig. 3Interaction plots for each pair of explanatory variables according to survival time, Curitiba-Brazil


The results of the survival analysis are shown in Table 4. Before performing the model, we evaluated the multicollinearity of the potential explanatory variables. All the variables had a VIF value that ranged from 1.11 to 1.42, which meant the absence of multicollinearity among them. Through the analysis, some possible interactions between the explanatory variables (Supplementary Material 1) were identified in the study, specifically between TB/HIV coinfection and gender and between age and gender. These interactions were included in the Cox proportional hazards regression model.
Table 4Results of the Cox proportional hazards regression model of patients who died from TB and associated factors, Curitiba-Brazil


	Explanatory variables
	Coefficient
	Hazard ratio
	95% CI
	P value

	Type of entry

	 New case
	 	1
	1
	 
	 Relapse
	−0.98
	0.37
	0.22-0.63
	< 0.01

	TB/HIV coinfection

	 No
	 	1
	1
	 
	 Yes
	0.43
	1.54
	0.74-3.20
	0.24

	Alcoholism

	 No
	 	1
	1
	 
	 Yes
	0.44
	1.55
	1.04-2.30
	0.03

	Gender

	 Female
	 	1
	1
	 
	 Male
	1.87
	6.49
	1.46-28.80
	0.01

	Age
	0.02
	1.02
	0.99-1.04
	0.08

	Clinical form

	 Extrapulmonary
	 	1
	1
	 
	 Pulmonary
	0.01
	1.01
	0.67-1.52
	0.97

	TB/HIV coinfection and gender
	 	 	 	 
	 Without coinfection and female
	 	1
	1
	 
	 With coinfection and male
	−1.14
	0.32
	0.13-0.78
	0.01

	Age and gender (male)
	−0.03
	0.97
	0.94-0.99
	0.03




The model indicates that the variables associated with TB death were cases of relapse (HR = 0.37, 95% CI = 0.22-0.63), alcoholism (HR = 1.55, 95% CI = 1.04-2.30), male patients (HR = 6.49, 95% CI = 1.03-2.68). Variables with interactions were TB/HIV coinfection and male patients as well as age and male patients.
Regarding the variables without interactions, TB deaths in relapse cases were 0.3 times higher than in new cases and the individuals classified as suffering from alcoholism showed 1.55 more risk for the mortality outcome in their treatment. When considering the explanatory variables that presented interactions, male individuals with TB/HIV coinfection had a risk of death that was 0.5 times lower than that for male individuals without TB/HIV coinfection. Female individuals with TB/HIV coinfection had a risk of death that was 1.54 times higher than that for female patients without TB/HIV coinfection, regardless of whether we considered people of the same age in these comparisons. Still, in this comparison of groups, when we examined only individuals without coinfection, male patients had a risk of death that was 6.49 times higher than that of female patients.
Regarding the interaction between age and gender, a reduction in the mortality rate in older individuals was observed, specifically when male patients were compared with female patients. In this sense, at the age of 30, men had a risk of death that was 2.74 higher than women, at the age of 40, the risk reduced to 2.05 and, at the age 65, it reached the value of 1.0. Thus, older men had the same chance of the treatment outcome under analysis as women.
To evaluate the validity of the Cox model assumptions, we analyzed the proportional hazard for the regression model with the chi-squared goodness of fit (Supplementary Material 2). In addition, the analysis of the residuals of the model (Supplementary Material 3) showed no violation of the Cox model assumptions and good suitability of the final model.
Statistics from the mixed-effect model application
Regarding precocious deaths, Table 5 shows the results obtained from the mixed-effect model application. According to the findings, patients who were alcoholic had a chance of precocious death 17.93 times greater than those who were not. Additionally, the chance of precocious death within 60 days was 10.48 times greater than the chance of early death within 30 days. We also observed that relapse seemed to have a protective effect regarding death.
Table 5Mixed-effect model of the associated factors with precocious deaths due tuberculosis, Curitiba-Brazila


	 	Estimate
	Std. error
	Odds ratio
	95% CI
	P value

	Intercept
	0.94
	2.98
	 	 	0.75

	Type of entry

	 Relapse
	−4.71
	1.85
	<0.01
	0.01-0.34
	0.01**

	TB/HIV coinfection

	 Yes
	−1.99
	1.47
	0.13
	0.01-2.44
	0.17

	Alcoholism

	 Yes
	2.88
	1.39
	17.93
	1.16-276.58
	0.03**

	Gender

	 Male
	−2.32
	1.51
	0.09
	0.005-1.89
	0.12

	Age
	004
	0.04
	1.04
	0.95-1.14
	0.34

	Clinical form

	 Pulmonary
	0.63
	1.39
	1.87
	0.12-28.99
	0.65

	Diagnosis time (60 days)
	2.35
	0.66
	3.58
	2.89-10.48
	<0.01**


**p value <0.05
aPower of test—54.00% (95% CI 39.32; 68.19) based on 50 Monte Carlo simulation



Discussion
We aimed to analyze patient survival time with TB, from diagnosis to death, precocious deaths and associated factors in southern Brazil. The findings show that the median survival from diagnosis to death among those who died from TB was 23.5 days, i.e., 67.8 days in new cases and 384.4 in relapses.
Regarding patient survival time, the findings show that most of the deaths occurred within 2 months. Some studies [11, 12, 32] have investigated the phenomenon of precocious death among patients with TB, and one such study observed similar results with a median survival time of 21 days in Korea [32]. Another study found that 19% of patients died within 7 days and 41% died within the first month after the start of treatment for TB [12]. Another study, undertaken in Africa that used the beginning of treatment as the zero point for estimating survival time, found a mean of 2 months in 53.3% among people who started their TB treatment, and, in this case, the mortality among HIV-positive people was higher than that among people who were HIV negative or whose HIV status was unknown [18].
Regarding associated factors with survival time for all patients and when the interactions were not considered, the TB deaths were associated with relapse, alcoholism, and male gender. When the variables TB/HIV coinfection and gender were considered together, we observed that male patients with coinfection presented a lower risk of TB death; on the other hand, female patients with TB/HIV had a higher risk of death, which we hypothesize as indicating inequality between the genders and which should be investigated through new studies.
When we analyzed only the cases of precocious deaths through mixed-effect models, patients who were alcoholic had a greater chance of dying precociously than those who were not, which has been evidenced in the literature because they tend to have lower compliance with treatment. However, a curious finding was that the chance of precocious death within 60 days was 10.48 times greater than the chance of early death within 30 days, which indicates a gap in the care cascade, specifically in the phase of intensive therapy coming to an end (provision for TB new cases), increasing the chances of patients abandoning treatment.
The findings also indicate that new cases tended to die more precociously when compared to relapse cases. One hypothesis is that, in Brazil, the health services have prioritized directly observed treatment short course (DOTS) in the intensive phase of treatment, mainly in settings with very poor and limited resources, which might explain the risk of death 60 days after diagnosis [33]. DOTS has been defined as a priority for patients with a relapse in these settings, since they can spread multidrug-resistant TB (MDR-TB) (resistance to the two main drugs used in treatment, rifampicin and isoniazid) and therefore the follow-up strategy must be systematic and rigorous, avoiding a potential epidemic of MDR-TB in vulnerable territories [34]. MDR-TB is a concern because of the high cost of the treatment, its toxicity and the poor outcomes with available therapies [35].
Regarding DOTS, in the city under study, the average coverage of DOTS was 55%, [36], which reinforces our hypotheses that the adoption of selective DOTS occurs for specific periods during treatment or in patients who have relapsed. The coverage of DOTS is low in Brazil, which might explain why the success of treatment is still lower than recommended by the World Health Organization, i.e., near 71% when the goal is higher than 85% [1]. In Brazil, of every 10 people who begin treatment, at least one abandons the use of medications, thereby increasing the risk of MDR-TB and death [37].
Regarding the influence of both alcohol consumption and TB mortality, some studies have demonstrated similar results. A study carried out in the same region as the present study indicated a problem with alcoholism, revealing an association between unsuccessful outcomes and this health condition; this finding confirms the importance of screening TB patients for alcohol consumption [38]. One meta-analysis [39] found that alcoholism was linked to a greater risk (RR 1.35, 95% CI, 1.09-1.68) of contracting TB when compared to those without this health condition. The consequences of alcoholism were also associated with TB, such as malnutrition, mental disease, use of other substances, and disrupted homeostatic mechanisms [40, 41]. Additionally, alcohol use disrupts the immune response, increasing susceptibility to respiratory diseases such as TB [11, 42]. Alcoholism can also contribute to loss of earnings, family disruption, interpersonal violence, low self-esteem, and stigmatization, aspects that are commonly identified among TB patients and that caused the authors to hypothesize about the reason for their death. Alcoholism may compromise access to treatment, heighten the risk of co-occurring health problems and perpetuate the cycles of poverty, alcohol use, and TB [43].
Another aspect is the global epidemiological data on TB, which have demonstrated a higher risk of death in men than in women [44, 45]; however, this study evidenced an intriguing and complex issue. Female patients with a diagnosis of TB/HIV coinfection had a higher risk of death; male patients with this condition had a lower risk. It is important to note that this comparison must be made in people of the same sex because, when comparing men and women with HIV, the risk remains higher among men.
TB and HIV are public health problems that have a synergistic effect on each other, leading to a higher risk of unfavorable treatment results [46]. We corroborate this finding, although we understand that these risks are not randomly distributed among men and women. Brazil has achieved interesting progress in terms of access to antiretroviral therapy for HIV patients, with a stabilization in incidence, a reduction in opportunistic diseases, and increased mean survival time [47]. However, studies have identified gender inequality, observing that women with low income and schooling, who had monogamous relationships throughout their lives, were at risk of a delayed diagnosis of HIV/AIDS [48]; this phenomenon was also observed in the USA, where female patients at risk of delayed HIV diagnosis were poorer, non-urban, and possibly exposed to HIV heterosexually [49], which may be associated with the findings of the present study. There is little evidence to explain this result regarding the gender difference from the individual perspective in terms of TB mortality, but the results may also be associated with a low CD4 count, not receiving antiretroviral therapy or undergoing cotrimoxazole prophylaxis therapy, being a female sex worker, being older, and being bedridden [50, 51].
We also found that young men are at higher risk of death than older men if we compared them with women of the same age. Some studies have demonstrated a significant excess of TB mortality occurring in the young adult population [45], but, as identified in our study, sex and age are intercepted and produce different risk effects for death, information that is of great relevance to conducting TB treatments.
The literature indicates that the efficacy of treatment is higher than 99.9%, even for patients with HIV [52, 53], but the present study revealed that the majority of patients died precociously. Beyond DOTS, there exists a lack of strategies for complete recovery of patients leading to a delay in hospital admission, a lack of suitable management of side effects, multiple morbidities (not assessed by this study), and not assessing the risk of failure. Offering social benefits such as basic food baskets, transportation vouchers, income generation programs, and school integration are very important and need to be implemented effectively to ensure the continuity of treatment, adherence, and better life conditions [11, 54].
Because of the alarming number of failures and deaths, the Brazilian health authorities have reinforced the importance of continuing treatment until the end, initiated in 2020 during the COVID-19 pandemic, an action on the Internet and social media aimed at people with TB with the goal of improving adherence and reducing the occurrence of failures and deaths, emphasizing inclusive DOTS for all cities [37]. The WebDOT platform has been developed and implemented in some cities [55] as a solution alternative for patient support and medication monitoring over the internet during the pandemic [23].
The difficulty in accessing services at the moment of symptom onset [32], especially in vulnerable groups or when health service providers are not qualified to recognize a cough as being a clinical sign of TB, should be borne in mind [24]. This result suggests the need for an attention model that gives a higher value to the active search for patients within territories, the tracking of TB among the population at large and regular appointments for patients living with HIV [23, 56, 57].
Brazil has a special protocol in place for monitoring the deaths that occur with a mention of TB as one of the causes, a protocol that, among other aims, seeks to investigate these patients’ individual health conditions and their access to health services. Additionally, this protocol is used for analyzing and correcting the information that appears in the different information systems used, namely, the SIM, SINAN, and TB site [57]. This is a strategic initiative to improve the qualification of the data; however, according to evidence from the present study, it is important to verify the phase during which the patient died in a stratified fashion, whether the case was being monitored by the health service and whether this happened in an early or late phase of treatment. This is important because, depending on the phase in which the patient died, actions also need to be modulated, as death makes us wonder whether measures and protocols have been implemented effectively to have an impact on TB context as well on the quality of care [58].
One of the limitations of this study is the small population studied and very heterogeneous; therefore, the findings are not generalizable to other contexts and population. Other limitations are the use of secondary data, which were entered into the form in advance, as there were gaps in form filling or missing information. Additionally, we did not have information regarding onset of clinical symptoms in patients, as this information was not available in the SINAN. The issue of alcohol consumption information is other bias, because the information is based on self-reports from patients or the subjective analysis of health workers, which might influence the findings; the culture in the region may stigmatize alcohol use in females, which was not verified in the present study.
The methodology used by the health services to confirm TB deaths, in most cases, did not use the death audit strategy or even verbal autopsy, which may be a difficult in the certification of deaths that occur in Brazil. Because of the restrictive information contained in the SIM and the SINAN, we encourage the development of new studies, mainly mixed methods research, to fill gaps that are not well-understood.
Since the SIM and the SINAN are not interconnected, it is difficult for health professionals and health managers to follow up on patients and monitor the evolution of their treatment, including the circumstances of death, if associated with TB. Therefore, this study contributes to advancing this issue in Brazil, as it is first to approach deaths due to TB and the integration/linkage of databases as a retrospective longitudinal study. Despite the study’s limitations from both systems, they are official sources and references to monitor and understand the TB situation in Brazil.
We emphasize that this study has made important contributions to understanding the real magnitude of death due to TB, since this is still underestimated. We used an original and specific method to link databases and then monitor patient survival time, and we also identified patients who died precociously due to TB. While these patients who died due to TB remain underestimated and undervalued, we never will manage and solve this problem in a proper and fair way.
Conclusion
Most of the deaths occurred within 2 months after the diagnosis, during the intensive phase of the treatment. The use of alcohol and gender were associated with death, revealing inequality between men and women. We also observed that male patients with coinfection had a lower risk of precocious TB death and, conversely, female patients with comorbidity had a higher risk of early death. The findings also revealed that new cases tended to die more precociously when compared to relapse cases. The chance of precocious death within 60 days was 10.48 times greater than the chance of early death within 30 days. This study advanced knowledge regarding the identification of the vulnerabilities associated with mortality through a novel methodology. The findings must be addressed to fill a gap in the care cascades for active TB and ensure equity in health.
Acknowledgements
The authors would like to thank the Epidemiological Surveillance Division and Secretary of Health of the State of Parana for making the data available.

Authors’ contributions
Nunes C and Santos DT conceived the study. Santos DT and Alves LS collected and initially computed the data. Santos DT, Nunes C, Alonso JB, Arroyo LH, and Arcencio RA analyzed and constructed the results from the data. Santos DT, Nunes C, Arcencio RA, and Cartagena D wrote the manuscript. Alves YM, Berra TZ, Crispim, J, Alves JD, Assis IS, Ramos AV, Dessunti EM, Pinto IC, and Palha PF reviewed and edited the manuscript. All the authors read and approved the final manuscript.

Funding
Coordination for the Improvement of Higher Education Personnel -CAPES (through Sandwich Doctorate scholarship -88881.132524/2016-0), CNPQ (Research productivity scholarship – Process 305236/2015-6), and FAPESP (Process 2015/17586-3) that funded the study.

Availability of data and materials
The database is maintained by the Epidemiological Surveillance Division and Secretary of Health of the State of Parana, Brazil, and restrictions apply to the availability of these data, which were used under license for the current study as they are not publicly available. The first author had registered with details as well as contact data in the case of interest in collaborative work or further information.

Declarations
Ethics approval and consent to participate
The study was approved by the Institutional Review Board at the University of Sao Paulo (USP) under CAAE No. 64515717.9.0000.5393. Informed consent was not required, as data were based on official data sets and were already anonymous.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


[image: Creative Commons]Open AccessThis article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creativecommons.​org/​licenses/​by/​4.​0/​.

References
	1.
World Health Organization. Global tuberculosis report 2020. Geneva: World Health Organization; 2020. Available in: https://​apps.​who.​int/​iris/​bitstream/​handle/​10665/​336069/​9789240013131-eng.​pdf. Accessed 7 Apr 2021

	2.
Brasil. Ministério da Saúde. Boletim Epidemiológico de Tuberculose 2020. Secretaria de Vigilância em Saúde – Departamento de Vigilância, Prevenção e Controle das Infecções Sexualmente Transmissíveis. Brasília; 2020. Available in: http://​www.​aids.​gov.​br/​pt-br/​pub/​2020/​boletim-epidemiologico-de-turbeculose-2020. Accessed 7 Apr 2021.

	3.
Brasil. Ministério da Saúde. Protocolo para vigilância do óbito com menção de tuberculose nas causas de morte. Secretaria de Vigilância em Saúde – Departamento de Vigilância, Prevenção e Controle das Infecções Sexualmente Transmissíveis. Brasil: Ministério da Saúde; Brasília; 2017. Available in: http://​bvsms.​saude.​gov.​br/​bvs/​publicacoes/​protocolo_​vigilancia_​obito_​mencao_​tuberculose.​pdf. Accessed 7 Apr 2021.

	4.
Ranzani OT, Rodrigues LC, Bombarda S, Minto CM, Waldman EA, Carvalho CRR. Long-term survival and cause-specific mortality of patients newly diagnosed with tuberculosis in São Paulo state, Brazil, 2010–15: a population-based, longitudinal study. Lancet Infect Dis. 2020;20(1):123–32. https://​doi.​org/​10.​1016/​S1473-3099(19)30518-3.CrossrefPubMedPubMedCentral

	5.
Silva DR, Muñoz-Torrico M, Duarte R, Galvão T, Bonini EH, Ferlin F, et al. Fatores de risco para tuberculose: diabetes, tabagismo, álcool e uso de outras drogas. J Bras Pneumol. 2018;44(2):145–52. https://​doi.​org/​10.​1590/​s1806-3756201700000044​3.CrossrefPubMedPubMedCentral

	6.
Parry C, Ferreira-Borges C, Poznyak V, Lönnroth K, Rehm J. The international study on alcohol and infectious diseases: three priorities for research. Addiction. 2013;108(1):1–2. https://​doi.​org/​10.​1111/​j.​1360-0443.​2012.​04000.​x.CrossrefPubMed

	7.
Marais BJ, Lönnroth K, Lawn SD, Migliori GB, Mwaba P, Glaziou P, et al. Tuberculosis comorbidity with communicable and non-communicable diseases: integrating health services and control efforts. Lancet Infect Dis. 2013;13(5):436–48. https://​doi.​org/​10.​1016/​S1473-3099(13)70015-X.CrossrefPubMed

	8.
Berra TZ, Queiroz AAR, Yamamura M, Arroyo LH, Garcia MCC, Popolin MP, et al. Spatial risk of tuberculosis mortality and social vulnerability in Northeast Brazil. Rev Soc Bras Med Trop. 2017;50(5):693–7. https://​doi.​org/​10.​1590/​0037-8682-0160-2017.CrossrefPubMed

	9.
Chirinos NEC, Meirelles BHS. Fatores associados ao abandono do tratamento da tuberculose: uma revisão integrativa. Texto contexto – enferm. 2011;20(3):599–606. https://​doi.​org/​10.​1590/​S0104-0707201100030002​3.Crossref

	10.
Subbaraman R, Nathavitharana RR, Mayer KH, Satyanarayana S, Chadha VK, Arinaminpathy N, et al. Constructing care cascades for active tuberculosis: a strategy for program monitoring and identifying gaps in quality of care. PLoS Med. 2019;16(2):e1002754. https://​doi.​org/​10.​1371/​journal.​pmed.​1002754.CrossrefPubMedPubMedCentral

	11.
Waitt CJ, Banda NPK, White SA, Kampmann B, Kumwenda J, Heyderman RS, et al. Early deaths during tuberculosis treatment are associated with depressed innate responses, bacterial infection, and tuberculosis progression. J Infect Dis. 2001;204(3):358–62. https://​doi.​org/​10.​1093/​infdis/​jir265.Crossref

	12.
Harries AD, Hargreaves NJ, Gausi F, Kwanjana JH, Salaniponi FM. High early death rate in tuberculosis patients in Malawi. Int J Tuberc Lung Dis. 2011;5(11):1000–5.

	13.
Instituto Brasileiro de Geografia e Estatística. Panorama cidades. Available in: https://​cidades.​ibge.​gov.​br/​brasil/​pr/​curitiba/​panorama. Accessed 7 Apr 2021.

	14.
Programa das Nações Unidas para o Desenvolvimento PNUD. Instituto de pesquisa Economica Aplicada IPEA. Atlas do Desenvolvimento Humano no Brasil. Available in: http://​www.​atlasbrasil.​org.​br/​perfil. Accessed 7 Apr 2021.

	15.
Brasil. Ministério da Saúde. Secretaria de Vigilância em Saúde. Boletim Epidemiológico - Implantação do Plano Nacional pelo Fim da Tuberculose como Problema de Saúde Pública no Brasil: primeiros passos rumo ao alcance das metas. 2018. Available in: https://​portalarquivos2.​saude.​gov.​br/​images/​pdf/​2018/​marco/​26/​2018-009.​pdf. Accessed 7 Apr 2021.

	16.
Santos DT, Nunes C, Alves LS, Queiroz AAR, Miranda MJ, Arroyo LH, et al. Is there association between human development index and tuberculosis mortality risk? Evidence from a spatial analysis study in the south of Brazil. Epidemiol Infect. 2018;146(14):1763–70. https://​doi.​org/​10.​1017/​S095026881800192​9.CrossrefPubMed

	17.
Brasil. Ministério da Saúde. Secretaria de Vigilância em Saúde. Departamento de Vigilância das Doenças Transmissíveis. Manual de Recomendações para o Controle da Tuberculose no Brasil / Ministério da Saúde, Secretaria de Vigilância em Saúde, Departamento de Vigilância das Doenças Transmissíveis. – Brasília: Ministério da Saúde; 2019. Available in: http://​www.​aids.​gov.​br/​pt-br/​pub/​2019/​manual-de-recomendacoes-para-o-controle-da-tuberculose-no-brasil. Accessed 7 Apr 2021.

	18.
Onyango DO, Yuen CM, Cain KP, Ngari F, Masini EO, Borgdorff MW. Reduction of HIV-associated excess mortality by antiretroviral treatment among tuberculosis patients in Kenya. PLoS One. 2017;12(11):e0188235. https://​doi.​org/​10.​1371/​journal.​pone.​0188235.CrossrefPubMedPubMedCentral

	19.
Maia LTS, Souza WV, Mendes ACG, Silva AGS. Use of linkage to improve the completeness of the SIM and SINASC in the Brazilian capitals. Rev Saúde Pública. 2017. https://​doi.​org/​10.​11606/​s1518-8787.​2017051000431.

	20.
Guo S, Zeng D. An overview of semiparametric models in survival analysis. J Stat Plann Inference. 2014;151-152:1–16. https://​doi.​org/​10.​1016/​j.​jspi.​2013.​10.​008.Crossref

	21.
Ferreira JC, Patino CM. O que é análise de sobrevida e quando devo utilizá-la? J Bras Pneumol. 2016. https://​doi.​org/​10.​1590/​S1806-3756201600000001​3.

	22.
Glantz SA. How to analyse survival data. In: Glantz SA, editor. Primer in biostatistics. 7th ed. New York: McGraw-Hill Medical; 2011. p. 229–44.

	23.
Kassambara A, Kosinski M, Biecek P, Fabian S. Package ‘survminer’ - drawing survival curves using ‘ggplot2’. R Cran; 2021. Available in: https://​cran.​r-project.​org/​web/​packages/​survminer/​survminer.​pdf. Accessed 7 Apr 2021.

	24.
Davis CE, Hyde JE, Bangdiwala SI, Nelson JJ. An example of dependencies among variables in a conditional logistic regression. In: Moolgavkar SH, Prentice RL, editors. Modern statistical methods in chronic disease epidemiology. New York: Wiley; 1986. p. 140–7.

	25.
Brambor T, et al. Understanding interaction models: improving empirical analyses. Polit Anal. 2006;14(1):63–82.Crossref

	26.
Schoenfeld D. Partial residuals for the proportional hazard regression model. Biometrika. 1982;69(1):239–41. https://​doi.​org/​10.​1093/​biomet/​69.​1.​239.Crossref

	27.
Schoenfeld D. Chi-squared goodness of fit tests for the proportional hazard regression model. Biometrika. 1980;67. https://​doi.​org/​10.​2307/​2335327.

	28.
Gałecki A, Burzykowski T. Linear mixed-effects model. In: Linear mixed-effects models using R. New York: Springer; 2013. p. 245–73.Crossref

	29.
Rigby RA, Stasinopoulos DM. The GAMLSS project: a flexible approach to statistical modelling. In: Klein B, Korsholm L (eds.). New trends in statistical modelling: Proceedings of the 16th international workshop on statistical modelling. Odense, Denmark; 2001, p. 345.

	30.
Rigby RA, Stasinopoulos DM. Generalized additive models for location, scale and shape. J R Stat Soc Ser C Appl Stat. 2005;54(3):507–54.Crossref

	31.
Akantziliotou K, Rigby RA, Stasinopoulos DM. The R implementation of generalized additive models for location, scale and shape. In: Stasinopoulos M, Touloumi G (eds.). Statistical modelling in society: proceedings of the 17th international workshop on statistical modelling. Chania, Creta, Grécia; 2002. p. 75–83.

	32.
Lee J, Nam HW, Choi SH, Yoo SS, Lee SY, Cha SI, et al. Comparison of early and late tuberculosis deaths in Korea. J Korean Med Sci. 2017. https://​doi.​org/​10.​3346/​jkms.​2017.​32.​4.​700.

	33.
Oliveira RCC, Adário KDO, Barrêto AJR, Barbosa KKS, Videres ANR, Nogueira JA, et al. Policy transfer of direct observation of therapy for tuberculosis: primary healthcare professionals’ speeches. REME – Rev Min Enferm. 2019. https://​doi.​org/​10.​5935/​1415-2762.​20190005.

	34.
Ballestero JGA, Garcia JM, Bollela VR, Ruffino-Netto A, Dalcolmo MMP, Moncaio ACS, et al. Manejo da tuberculose multirresistente: elementos centrais das recomendações brasileiras. J Bras Pneumol. 2020. https://​doi.​org/​10.​36416/​1806-3756/​e20190290.

	35.
Fox GJ, Schaaf HS, Mandalakas A, Chiappini E, Zumla A, Marais BJ. Preventing the spread of multidrug-resistant tuberculosis and protecting contacts of infectious cases. Clin Microbiol Infect. 2017;23(3):147–53. https://​doi.​org/​10.​1016/​j.​cmi.​2016.​08.​024.CrossrefPubMed

	36.
Curitiba. Prefeitura Municipal. Secretária Municipal da Saúde. Centro de Epidemiologia. Boletim Epidemiológico da Tuberculose 2015. Available in: https://​saude.​curitiba.​pr.​gov.​br/​images/​boletim%20​TB2015.​pdf. Accessed 7 Apr 2021.

	37.
Brasil. Ministério da Saúde. Secretaria de Vigilância em Saúde. Desafios e Perspectivas. Relatório de Gestão 2019 – 2020. Available in: https://​portalarquivos.​saude.​gov.​br/​images/​pdf/​2020/​April/​16/​RELAT%2D%2DRIO-DE-GEST%2D%2DO-DA-SVS-2019-2020.​pdf. Accessed 7 Apr 2021.

	38.
Albuquerque MFPM, Ximenes RAA, Lucena-Silva N, Souza WV, Dantas AT, Dantan OMS, et al. Factors associated with treatment failure, dropout, and death in a cohort of tuberculosis patients in Recife, Pernambuco State, Brazil. Cad Saude Publica. 2007;23(7):1573–82. https://​doi.​org/​10.​1590/​S0102-311X200700070000​8.Crossref

	39.
Imtiaz S, Shield KD, Roerecke M, Samokhvalov AV, Lönnroth K, Rehm J. Alcohol consumption as a risk factor for tuberculosis: meta-analyses and burden of disease. Eur Respir J. 2017;50(1):1700216. https://​doi.​org/​10.​1183/​13993003.​00216-2017.CrossrefPubMedPubMedCentral

	40.
Lönnroth K, Williams B, Stadlin S, Jaramillo E, Dye C. Alcohol use as a risk factor for tuberculosis – a systematic review. BMC Public Health. 2008;8(1). https://​doi.​org/​10.​1186/​1471-2458-8-289.

	41.
Rehm J, Samokhvalov AV, Neuman MG, Room R, Parry C, Lönnroth K, et al. The association between alcohol use, alcohol use disorders and tuberculosis (TB). A systematic review. BMC Public Health. 2009. https://​doi.​org/​10.​1186/​1471-2458-9-450.

	42.
Molina PE, Happel KI, Zhang P, Kolls JK, Nelson S. Focus on: alcohol and the immune system. Alcohol Res Health. 2010;33(1–2):97–108.PubMedPubMedCentral

	43.
World Health Organization. Definitions and reporting framework for tuberculosis 2013 revision. World Health Organization; 2013. Available in: https://​apps.​who.​int/​iris/​handle/​10665/​79199. Accessed 7 Apr 2021.

	44.
Higgins-Biddle JC, Babor TF. A review of the Alcohol Use Disorders Identification Test (AUDIT), AUDIT-C, and USAUDIT for screening in the United States: past issues and future directions. Am J Drug Alcohol Abuse. 2018;44(6):578–86. https://​doi.​org/​10.​1080/​00952990.​2018.​1456545.CrossrefPubMedPubMedCentral

	45.
Waitt CJ, Squire SB. A systematic review of risk factors for death in adults during and after tuberculosis treatment [Review article]. Int J Tuberc Lung Dis. 2011;15(7):871–85. https://​doi.​org/​10.​5588/​ijtld.​10.​0352.CrossrefPubMed

	46.
Torres NMC, Rodriguez JJQ, Andrade PSP, Arriaga MB, Netto EM. Factors predictive of the success of tuberculosis treatment: a systematic review with meta-analysis. PLoS One. 2019;14(12):e0226507. https://​doi.​org/​10.​1371/​journal.​pone.​0226507.Crossref

	47.
Barros SG, Vieira-da-Silva LM. A terapia antirretroviral combinada, a política de controle da Aids e as transformações do Espaço Aids no Brasil dos anos 1990. Saúde Debate. 2017;41(spe3):128. https://​doi.​org/​10.​1590/​0103-11042017S309.Crossref

	48.
Ferreira RF, Neto SC, Santana NC, Guimarães DA, Oliveira CD. Gender differences in risk factors for delayed diagnosis of HIV/AIDS in a midsized city of Brazil. J Int Assoc Provid AIDS Care. 2016;15(2):135–40. https://​doi.​org/​10.​1177/​2325957414553845​.CrossrefPubMed

	49.
Krawczyk CS, Funkhouser E, Kilby JM, Vermund SH. Delayed access to HIV diagnosis and care: special concerns for the southern United States. AIDS Care. 2006;18(Suppl 1):S35–44. https://​doi.​org/​10.​1080/​0954012060083928​0.CrossrefPubMedPubMedCentral

	50.
Abrha H, Tsehayneh B, Massa D, Tesfay A, Kahsay H. Survival experience and its predictors among TB/HIV coinfected patients in Southwest Ethiopia. Epidemiology. 2015;05(02). https://​doi.​org/​10.​4172/​2161-1165.​1000191.

	51.
Teklu AM, Nega A, Mamuye AT, Sitotaw Y, Kassa D, Mesfin G, et al. Factors associated with mortality of TB/HIV co-infected patients in Ethiopia. Ethiop J Health Sci. 2017;27(Suppl 1):29–38. https://​doi.​org/​10.​4314/​ejhs.​v27i1.​4s.CrossrefPubMedPubMedCentral

	52.
Evangelopoulos D, Fonseca JD, Waddell SJ. Understanding anti-tuberculosis drug efficacy: rethinking bacterial populations and how we model them. Int J Infect Dis. 2015;32:76–80. https://​doi.​org/​10.​1016/​j.​ijid.​2014.​11.​028.CrossrefPubMed

	53.
Brasil. Ministério da Saúde. Secretaria de Vigilância em Saúde. Programa Nacional de Controle da Tuberculose. Available in: http://​bvsms.​saude.​gov.​br/​bvs/​publicacoes/​ProgramaTB.​pdf. Accessed 7 Apr 2021.

	54.
Schmaltz CA, Santoro-Lopes G, Lourenço MC, Morgado MG, Velasque LS, Rolla VC. Factors impacting early mortality in tuberculosis/HIV patients: differences between subjects naïve to and previously started on HAART. PLoS One. 2012;7(9):e45704. https://​doi.​org/​10.​1371/​journal.​pone.​0045704.CrossrefPubMedPubMedCentral

	55.
Crepaldi NY, Lima VC, Bernardi FA, Santos LRA, Yamaguti VH, Pellison FC, et al. SISTB: an ecosystem for monitoring TB. Procedia Comput Sci. 2019;164:587–94. https://​doi.​org/​10.​1016/​j.​procs.​2019.​12.​224.Crossref

	56.
Ministério da Saúde. Recomendações para o manejo da coinfecção TB-HIV em serviços de atenção especializada a pessoas vivendo com HIV/AIDS / Ministério da Saúde. Secretaria-Executiva. Brasília: Ministério da Saúde; 2013. Available in: http://​www.​dive.​sc.​gov.​br/​conteudos/​agravos/​publicacoes/​recomendacoes-manejo-coinfeccao.​pdf. Accessed 7 Apr 2021

	57.
Ministério da Saúde. Secretaria de Vigilância em Saúde. Departamento de Vigilância das Doenças Transmissíveis. Plano nacional pelo fim da tuberculose como Problema de Saúde Pública. Brasília: Ministério da Saúde; 2017. Available in: http://​bvsms.​saude.​gov.​br/​bvs/​publicacoes/​brasil_​livre_​tuberculose_​plano_​nacional.​pdf. Accessed 7 Apr 2021.

	58.
Getahun B, Ameni G, Biadgilign S, Medhin G. Mortality and associated risk factors in a cohort of tuberculosis patients treated under DOTS programme in Addis Ababa, Ethiopia. BMC Infect Dis. 2011;11(127):1–8. https://​doi.​org/​10.​1186/​1471-2334-11-127.Crossref



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/41182_2021_320_Article_TeX_Equa.png
g1(w)=n =X6; + E;ilszlea
Jr

g (o) =ny = Xof3r + '21 Zpyp,
=

g3 (v) =n3 = X363 + 223:12137]3,

84(1) = ny = Xufs + X1 Zinyju

Parameters of position and scale

Parameter of form {






OEBPS/navigation.xhtml

    
      Contents


      
        		Survival time among patients who were diagnosed with tuberculosis, the precocious deaths and associated factors in southern Brazil


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/41182_2021_320_Fig3_HTML.png
Type_of_entry and TB_HIV_Coinfection

80-

TB_HIV_Coinfection
S 604
o — No
3 v
= =

Nlo Yés
Type_of_entry
TB_HIV_Coinfection and Alcohol

c50- Alcohol
o
B 40- ~— No
2 == Yes
= 5.

20-

No Yes
TB_HIV_Coinfection

Alcohol and Clinical_form
5 30- Clinical_form
g — EP
=27 — P

Type_of_entry and Alcohol

80~
Alcohol

S 60-
kol — No

9 4-
- o — Yes

20-

Nlo Y’es
Type_of_entry
TB_HIV_Coinfection and Gender

Type_of_entry and Gender

150~

c Gender
©
15 100~ —
s M
50~
N‘o Yés
Type_of_entry

TB_HIV_Coinfection and Clinical_form
40-

50-
35+ e
0 Gender = Clinical_form
40 B 30-
5 —F © — EP
9] @ 55
= 30- — M = & P
20-
20 ! ; 15+ v v
No Yes o Yes
TB_HIV_Coinfection TB_HIV_Coinfection
Gender and Clinical_form
40-
c30- Clinical_form
©
5 — EP
220- .
10-
F M

Type_of_entry and Clinical_form

150~

% Clinical_form
B 100- =
g 100 EP
= — P
50~
Nlo Yés
Type_of_entry
Alcohol and Gender
c 25- \ Gender
©
5 —F
%’ 20- — M
N‘ Ytles

Alcohol





OEBPS/css/cc-by.png
() _®





OEBPS/images/41182_2021_320_Fig2_HTML.png
Time by Gender

Time by TB/HIV coinfection

1.00- 1.00-
0.75- 0.75-
© Gender ®© TB_HIVcoinfection
= 2
S 0.50- — M 'S 050- — Yes
(/3) —F (,3) — No
0.25- 0.25-
0.00- T 7 y T 0.00- T ] T T
0 500 1000 1500 0 500 1000 1500
Gender TB/HIV coinfection
Time by Type of entry Time by use of alcohol
1.00- 1.00-
_ 0.75- _ 0.75-
g Type_of_entry g Alcohol
E 0.50- ~— relapse E 0.50- = vYes
(/:) = New case (/:) == No
0.25- 0.25-
0.00- | , ' . 0.00- | : . '
0 500 1000 1500 0 500 1000 1500
Type of entry

Alcohol

Time by Clinical Form

1.00-
0.75-
© Clinical_form
=
S 0.50- —r
= —
1) EP
0.25-
0.00- . . .
0 500 1000 1500
Clinical Form
Time by age
.
1500-
S 1000- .
S
=
@ 500- .
Ll
o0 o . +
0- v RS i S et
20 40 60 80

Age





OEBPS/css/sidebar.gif





OEBPS/images/41182_2021_320_Fig1_HTML.png
74 deaths
resulting from
TB/HIV (MIS)

131 deaths
resulting from
TB (MIS)

Excluded: (12) cases

where inconsistent data

N

179 matches on
SINAN (linkage)

~

Excluded: (21) cases
with one same date -0 or
1 day, for diagnosis and
L death)

v

A4

Descriptive
analysis and
Survival analysis

146 deaths - MIS
and DNIS

205 deaths resulting
from TB and
TB/HIV (MIS)






