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Abstract 

Background: Treatment outcomes were evaluated of a cohort of new pulmonary tuberculosis (TB) cases that were 
rifampicin resistant, multidrug-resistant, or extensively resistant during 2013 and 2014 in Brazil. The objective of this 
study is to identify factors associated with unfavorable treatment outcomes for drug-resistant TB cases.

Methods: The Brazilian Special Tuberculosis Treatment Information System (SITE-TB) was the main data source. The 
independent variables were classified into four blocks (block I: individual characteristics; block II: clinical characteris-
tics and proposed treatment; block III: treatment follow-up characteristics; and block IV: TB history). The category of 
successful therapeutic outcome was compared with lost to follow-up, failure, and death. Considering the multiple 
outcomes as the dependent variable, the odds ratios (OR) and its respective 95% confidence interval (95% CI) were 
estimated by multinomial logistic regression.

Results: After applying the exclusion criteria, 980 (98.8%) individuals were included in the study. Of these, 621 
(63.4%) had successful treatment, 163 (16.6%) lost to follow-up, 76 (7.8%) failed, and 120 (12.2%) died. Important 
factors associated with lost to follow-up in the final model included use of illicit drugs (OR = 2.5 95% CI: 1.57–3.82). 
Outcome failure was associated with having disease in both lungs (OR = 2.0; 95% CI: 1.09–3.62) and using more than 
one or not using injectable medication (OR = 2.8; 95% CI: 1.05–7.69). Major factors for the death outcome were at 
least 60 years old (OR = 3.4; 95% CI: 1.90–6.03) and HIV positive (OR = 2.7; 95% CI: 1.45–4.83).

Conclusions: The factors associated with unfavorable treatment outcomes were different. Some of these factors are 
specific to each outcome, which reflects the complexity of providing care to these individuals.
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Introduction
Tuberculosis (TB) is one of the top 10 causes of death 
worldwide. In 2019, about 10 million people fell ill and 
1.2 million died from TB [1]. According to Falzon et al. 
[2], multidrug-resistant (MDR) TB, which is defined as 

resistance to rifampicin (R) and isoniazid (H), plays a 
vital role in global TB control. In 2019 worldwide, 465 
thousand people developed rifampicin resistant (RR) TB 
diagnosed by GeneXpert MTB/RIF® (RR) of which 78% 
had MDR-TB. Only 206 thousand (44%) were diagnosed 
and reported, and 177 thousand (38%) started treatment 
with second line drugs [1].

In Brazil, the strategies to contain the main causes 
associated with the development of drug-resistant TB 
(DR-TB) in the community include free treatment for 
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all TB cases offered by the Unified Public Health Sys-
tem (SUS); standardization in a fixed-dose combination 
of treatments for sensitive TB and DR-TB; acquisition, 
supply, and distribution of centralized drugs, with qual-
ity control, guaranteed by the Brazilian Ministry of 
Health (MoH) and/or the World Health Organization 
(WHO). Added to this, the controlled availability of 
drugs to treat DR-TB cases requires validated of the regi-
men by medical specialists before their release [3]. While 
the worldwide estimate is 3.4% of new cases and 18% of 
retreatment cases have MDR/RR-TB, in Brazil the per-
centages are 1.5% and 8%, respectively [1]. The surveil-
lance of MDR-TB started in the country in the 2000s, and 
in 2004, an online information system for notification 
of MDR-TB cases was created. In 2013, this system was 
implemented to report all known cases of DR-TB. These 
cases, when diagnosed in any health service, should be 
referred to treatment in a TB reference services. This care 
network also assists in the control of resistance to anti-
TB drugs in Brazil.

Nevertheless, treatment outcomes and detection of 
MDR/RR-TB cases estimated by the WHO for the coun-
try are far from desirable. In Brazil, the percentage of 
detection did not exceed 63% in the last five years [1]. 
The management of DR-TB treatment is more complex 
than the sensitive regimen, requiring great effort from 
health professionals and patients to adhere to treatment.

The worse treatment outcome of DR-TB is associ-
ated with men, smoking, and HIV/AIDS [4]. The type 
of regime used [5] and adherence interventions, such as 
incentives, education, and digital technologies [6], have 
already been associated with treatment success. How-
ever, even with the increase in scientific articles on the 
topic, systematic reviews describe difficulties in data 
analysis, either due to incompleteness or methodological 
limitations [7–9].

As the Special Tuberculosis Treatment Information 
System (SITE-TB) was implemented only recently, stud-
ies using this system and evaluating treatment outcomes 
for DR-TB in Brazil remain scarce [5, 10]. Therefore, the 
objective of this study was to identify the factors associ-
ated with unfavorable treatment outcomes (lost to fol-
low-up, failure, and death) for DR-TB cases.

Methods
Study design and population
This analytical study, of the historical cohort type, stud-
ied a population of new cases with pulmonary and 
mixed TB (pulmonary and extrapulmonary), start-
ing treatment between 2013 and 2014 and with the fol-
lowing patterns of drug resistance at the beginning of 
treatment: RR-TB, MDR-TB, and TB with extensive 
resistance (XDR). All individuals included in the study 

had laboratory-confirmed tuberculosis. The diagnosis 
of resistance was made by sensitivity test or GeneXpert 
MTB/RIF®. Cases were excluded who were less than 
15  years old, without definitive treatment reported, or 
were duplicated.

Data source
The SITE-TB was the main source of data [11]. The his-
tory of TB treatment that occurred before the notifica-
tion of SITE-TB was retrieved from the Information 
System on Notifiable Diseases (Sinan). The treatment 
outcomes were qualified with the death records in the 
Mortality Information System (SIM), through the proba-
bilistic relationship of the database [12].

In Brazil, all TB cases must be reported in the Sinan. 
Cases diagnosed with DR-TB should be concluded in 
the Sinan and notified in the SITE-TB to monitor treat-
ment [3]. Since the implementation of SITE-TB in 2013, 
all cases under treatment with special regimens, that 
is, different from the basic treatment regimen, must be 
recorded in this system. SITE-TB is an online informa-
tion system. All information until the outcome is regis-
tered on the system, which makes it possible to follow 
patients even if they switch the health facility during the 
treatment [11].

Study variables
Independent variables were classified into four blocks 
(block I: individual characteristics; block II: clinical char-
acteristics and proposed treatment; block III: treatment 
follow-up characteristics; and block IV: TB history).

Individuals were divided into two age categories: 15 to 
59 and over 59 years old. The “no” and “do not  know” cat-
egories of the variables on diseases and associated condi-
tions (alcoholism, diabetes, smoking, use of illicit drugs, 
and others) were grouped together forming the “no/do 
not  know” category. Confirmation of alcoholism or smok-
ing was defined by the physician. The use of illicit drugs 
was reported by the patient.

The HIV test variable was classified as yes, no, and 
missing (no test performed or result not recorded). Edu-
cation was categorized into the following categories: up 
to seven years of education, eight or more years, and 
information not provided.

In block II, the initial scheme type was classified as 
standardized scheme (cases that started treatment using 
schemes define by the MoH recommendations [3]) and 
individualized scheme (for those cases that started treat-
ment with any scheme different from the standardized 
schemes).

The fluoroquinolone treatment was defined as: used 
only levofloxacin or moxifloxacin, used only ofloxacin, 
and used more than one fluoroquinolone or did not use 
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fluoroquinolone. The injectable drug treatment was cat-
egorized as: used only amikacin, used only streptomycin, 
used only capreomycin, and used more than one inject-
able or did not use injectable drugs. More than 80% of 
the cases identified with RR-TB also exhibited resistance 
to isoniazid, with the MDR resistance pattern confirmed 
after the sensitivity test [13]. Therefore, we classified the 
categories of the initial resistance pattern into MDR/RR 
and XDR.

In Block III, major adverse reactions were considered: 
auditory, mental, renal, or visual alterations; blood altera-
tions; seizures; peripheral neuropathy; allergic reactions; 
vertigo; and nystagmus [14]. The minor adverse reactions 
considered included headache, skin hyperpigmentation, 
hyperuricemia, insomnia, gastrointestinal intolerance, 
nausea, and vomiting [14].

In Block IV, the previous tuberculosis events variable 
classified the number of previous tuberculosis events 
into two categories: up to three events and four or more 
events. The time between the first diagnosis of tuberculo-
sis and the start of drug-resistant tuberculosis treatment 
was divided into three categories: up to one year, between 
one and three years, and three years or more.

The classification, categories, and description of each 
variable are provided in the Additional file 1: Table S1.

Data analysis
To identify the factors associated with unfavorable out-
comes in the treatment of DR-TB, records with unre-
ported information were excluded when they represented 
less than 5% of all records. When the percentage was 5% 
or more, a category called “unreported” was created.

The outcome category “success  treatment” was used as a 
reference for the variable response of treatment outcome 
and compared with the other categories (“lost to follow-
up”, “failure”, and “death”). Cases with lost to follow-up 
are those who used the drugs for 30  days or more and 
stopped the treatment for 30 consecutive days or more. 
Failure was defined in the following situations: persis-
tence of smear positive sputum at the end of treatment; 
cases who had strongly positive smear (+ + or +  + +) at 
the beginning of treatment and maintained this situation 
until the fourth month; initial positive smear followed 
by negative; and new positive results for two consecu-
tive months, from the fourth month of treatment. Cases 
that died from tuberculosis or from other causes during 
the treatment were considered in the outcome death. 
For the multiple outcomes of the dependent variable, 
the odds ratios (OR) and their respective 95% confidence 
interval (95% CI) were estimated by multinomial logistic 
regression.

Initially, we included in the model all variables with 
a statistically significant association (α = 0.10) in the 

bivariate analysis of multinomial regression. Using the 
backward strategy, only the statistically significant varia-
bles were kept in the final model, considering the value of 
the significance level α = 0.05. The final model adequacy 
was evaluate with goodness-of-fit test by Hosmer–Leme-
show [15].

The final model was graphically represented by the 
OR logarithm and respective interval confidence of 95% 
(95%CI). The logarithm was chosen to represent the 
risk and protection factor on the same scale. A table 
with the OR, 95% CI and the p-value of the final model 
variables was also included. The project was approved 
by the Research Ethics Committee of the Faculdade 
de Medicina at the Universidade de Brasília (C.A.A.E 
72432117.1.0000.5558 on 10/26/2017).

Results
After excluding three cases under 15 years old, five dupli-
cate records, and 17 records without the final informa-
tion, 980 laboratory-confirmed cases of pulmonary RR/
MDR/XDR-TB reported in the years 2013–2014 (98.8%) 
were included in the study (Additional file 1: Figure S2). 
Of these, 621 (63.4%) were successfully treated, 163 
(16.6%) were lost to follow-up (LFU), 76 (7.8%) failed, 
and 120 (12.2%) died (Tables 1, 2, 3, 4).

The percentage of LFU was higher in men (18.4%) and 
the age group of 15–59 years (17.8%). For associated dis-
eases, the percentage of LFU was higher in individuals 
with reported alcoholism (22.4%), no diabetes or miss-
ing information about diabetes (17.8%), smoking (19.5%), 
and use of illicit drugs (32.1%) (Table 1). For the variables 
in block II, the absence of cavitation (62.9%), bilateral dis-
ease (68.9%), primary resistance type (71.9%), and MDR/
RR initial resistance pattern (63.8) presented the best 
treatment results (Table 2). In block III, the highest indi-
cators for death were the same municipality of residence 
and treatment (12.9%), recorded unfavorable clinical evo-
lution (18.1%), and no recorded regimen change (13.1%) 
(Table  3). Individuals who had up to three previous TB 
events registered on the Sinan exhibited 64.7% treatment 
success (Table 4). The nonadjusted model is in Additional 
file 1: Table S3.

The final model is presented in Figs. 1, 2, and 3 with OR 
logarithm and respective CI for each outcome. Variables 
whose confidence intervals do not cross the null value are 
statistically significant. The results of the final model (OR 
and IC) are also provided in Table 5.

In the final model, a greater chance of LFU was asso-
ciated with less than eight years of education (OR = 1.8; 
95% CI: 1.13–2.66), use of illicit drugs (OR = 2.5 95% 
CI: 1.57–3.82), and report unfavorable clinical evolu-
tion (OR = 3.1; 95% CI: 2.02–4.86). Living in a differ-
ent municipality from the treatment site (0.7; 95% CI: 
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0.46–0.99) and only minor adverse reactions recorded 
compared to no adverse reactions recorded (OR = 0.5; 
95% CI: 0.25–0.83) were protective factors against LFU in 
the bivariate analysis (Fig. 1 and Table 5).

Exhibiting disease in both lungs (OR = 2.0; 95% CI: 
1.09–3.62), using more than one or not using an injecta-
ble drug compared to the use of amikacin (OR = 2.8; 95% 
CI: 1.05–7.69), and reporting unfavorable clinical evolu-
tion (OR = 18.0; 95% CI: 10.18–31.90) were associated 
with failure (Fig. 2 and Table 5).

The case had a greater chance of ending in death when 
the individual was brown/black (OR = 1.7; 95% CI: 1.08–
2.77), 60  years or older (OR = 3.4; 95% CI: 1.90–6.03), 
zero to seven years of education (OR = 1.9; 95% CI 
1.09–3.19), or missing education information (OR = 2.8; 
95% CI: 1.27–6.02), HIV positive (OR = 2.7; 95% CI: 
1.45–4.83), disease affecting both lungs (OR = 1.9; 95% 
CI: 1.20–3.08), acquired resistance type (OR = 1.8; 

95% CI: 1.02–3.31), XDR resistance (OR = 7.3; 95% CI: 
1.97–27.09), and notified unfavorable clinical evolution 
(OR = 3.3; 95% CI: 2.02–5.44). On the other hand, change 
in treatment regimen due to a major adverse reaction or 
increased the resistance pattern was a protective factor 
(OR = 0.4; 95% CI 0.17–0.76) (Fig.  3 and Table  5). The 
table with the final adjusted model is in Additional file 1: 
Table S4.

Discussion
The treatment success for individuals in the study 
cohort (63.4%) was higher than that achieved world-
wide (55%) in 2016 for cases of MDR/RR-TB; however, 
it was still far short of the values considered acceptable 
by the WHO [1]. Our analysis evidenced that the fac-
tors related to the unfavorable outcomes studied are 
distinct and multifactorial. Individual and follow-up 

Table 2 General distribution and outcome type of new cases of drug-resistant tuberculosis, according to characteristics of block II, 
Brazil, 2013 and 2014

MDR multidrug resistant, RR resistant to rifampicin diagnosed by GeneXpert MTB/RIF® (RR), XDR extensively resistant, Lfx levofloxacin, Mfx moxifloxacin, Ofx 
ofloxacino, Am amikacin, S streptomycin, Cm capreomycin

Total (980 cases) Success 
treatment

Lost to 
follow-up

Failure Death

N % N % N % N % N %

Block II

Cavitation

Yes 753 76.8 474 62.9 127 16.9 62 8.2 90 12.0

No 227 23.2 147 64.8 36 15.9 14 6.2 30 13.2

Bilateral disease

Yes 614 62.7 369 60.1 101 16.4 57 9.3 87 14.2

No 366 37.3 252 68.9 62 16.9 19 5.2 33 9.0

Resistance type

Primary 231 23.6 166 71.9 32 13.9 15 6.5 18 7.8

Acquired 749 76.4 455 60.7 131 17.5 61 8.1 102 13.6

Initial resistance pattern

MDR/RR 965 98.5 616 63.8 162 16.8 74 7.7 113 11.7

XDR 15 1.5 5 33.3 1 6.7 2 13.3 7 46.7

Initial scheme type

Individualized 873 89.1 558 63.9 142 16.3 66 7.6 107 12.3

Standardized 107 10.9 63 58.9 21 19.6 10 9.3 13 12.1

Fluoroquinolone treatment

Only used Lfx or Mfx 935 95.4 594 63.5 158 16.9 70 7.5 113 12.1

Only used Ofx 12 1.2 6 50.0 3 25.0 2 16.7 1 8.3

Used more than one fluorquinolone or did not use 33 3.4 21 63.6 2 6.1 4 12.1 6 18.2

Injectable drug treatment

Just used Am 242 24.7 151 62.4 41 16.9 17 7.0 33 13.6

Only used S 607 61.9 391 64.4 103 17.0 41 6.8 72 11.9

Only used Cm 49 5.0 30 61.2 10 20.4 5 10.2 4 8.2

Used more than one injectable or did not use 82 8.4 49 59.8 9 11.0 13 15.9 11 13.4

Total 980 100.0 621 63.4 163 16.6 76 7.8 120 12.2
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treatment factors were related to LFU. For failure, the 
clinical characteristics, proposed treatment, and fol-
low-up stand out. For death, issues related to individ-
ual, clinical, treatment characteristics, and follow-up 
treatment are related to this outcome. The protective 
effect against LFU of recorded minor adverse reactions 
compared to no recorded adverse reactions suggests 
that factors related to the quality of health services, 
which were not included in the study, may also influ-
ence unfavorable outcomes of DR-TB. The hypothesis is 
that health units with professionals that were more sen-
sitive to user complaints, where the presence of minor 

adverse reactions is valued, obtained better treatment 
outcomes.

Low education was associated with LFU and death. 
Several studies have already associated education with 
adherence to sensitive and MDR-TB treatment [10, 16–
18]. The significance of this finding can be extrapolated 
to their conditions, as education is recognized as a proxy 
of socioeconomic status [19]. The same can be said for 
brown/black race/color [1620], which was also associated 
with death. Research has already proven that the mitiga-
tion of social determinants is essential to control TB [21]. 
However, for DR-TB, this is not enough for therapeutic 

Table 3 General distribution and outcome type of new cases of drug-resistant pulmonary tuberculosis, according to characteristics of 
block III, Brazil, 2013 and 2014

Total (980 cases) Success treatment Lost to follow-up Failure Death

N % N % N % N % N %

Block III

Resides in different municipality than treatment

Yes 414 42.2 273 65.9 56 13.5 38 9.2 47 11.4

No 566 57.8 348 61.5 107 18.9 38 6.7 73 12.9

Reported unfavorable clinical evaluation

Yes 215 21.9 75 34.9 49 22.8 52 24.2 39 18.1

No 765 78.1 546 71.4 114 14.9 24 3.1 81 10.6

Changed regimen type

Yes 154 15.7 109 70.8 17 11.0 16 10.4 12 7.8

No 826 84.3 512 62.0 146 17.7 60 7.3 108 13.1

Had adverse reaction

No adverse reaction records 757 77.2 459 60.6 142 18.8 57 7.5 99 13.1

Only minor adverse reactions 158 16.1 114 72.2 14 8.9 17 10.8 13 8.2

At least one major adverse reaction 65 6.6 48 73.8 7 10.8 2 3.1 8 12.3

Total 980 100.0 621 63.4 163 16.6 76 7.8 120 12.2

Table 4 General distribution and outcome type of new cases of drug-resistant pulmonary tuberculosis, according to characteristics of 
block IV, Brazil, 2013 and 2014

TB tuberculosis, DR drug resistant

Total
(980 cases)

Success treatment Lost to follow-up Failure Death

N % N % N % N % N %

Block IV

Previous TB events

Up to 3 events 878 89.6 568 64.7 138 15.7 70 8.0 102 11.6

4 events or more 102 10.4 53 52.0 25 24.5 6 5.9 18 17.6

Time between the first TB diagnosis and the onset of TB-DR treatment (years)

Up to 1 471 48.1 299 63.5 80 17.0 40 8.5 52 11.0

1 to 3 236 24.1 152 64.4 42 17.8 17 7.2 25 10.6

More than 3 273 27.9 170 62.3 41 15.0 19 7.0 43 15.8

Total 980 100.0 621 63.4 163 16.6 76 7.8 120 12.2
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success. A study that assessed the impact on the outcome 
of DR-TB of social and economic intervention demon-
strated satisfactory results for adherence but no impact 
on treatment failure [22].

Having lesions detected in both lungs suggests a late 
diagnosis and this factor was related to failure and death, 
as was also found in other studies [18, 23, 24]. In the 
study period, the GeneXpert MTB/RIF® was just being 
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implemented in Brazil and culture was taken for 26% 
and 42% for new and retreatment cases, respectively 
[25]. These results confirm the difficulty in making the 
diagnosis of MDR/RR-TB and corroborates the hypoth-
esis that individuals arrived too late for treatment, influ-
encing therapeutic success. The GeneXpert MTB/RIF® 
established in Brazil can diagnose 57% of new TB cases; 
however, only 33% of new cases in the country performed 
GeneXpert MTB/RIF® [25]. These results suggest that 
the available laboratory network is still not suitable for 
sending samples to laboratories with equipment or that 
the TB diagnostic algorithm is not being complied with 
according to national recommendations, making access 
to the exam more difficult [3]. The protective associa-
tion against LFU of living in a municipality other than 
the treatment location also may indicate that access to 
DR-TB diagnosis and treatment may have influenced the 
outcome. The individuals who obtain DR-TB diagnosis 
in smaller municipalities, without TB reference services 
are probably different from those who live in large cities, 
where access to diagnosis DR-TB is broader.

Alcoholism has already been associated with the worst 
outcomes of sensitive and MDR-TB [9, 16, 26, 27]. This 
same association occurred in the bivariate analysis of this 
study for LFU and death, but it was not maintained in the 
final model. The inclusion in the final model of variables 
related to alcoholism, including illicit drug use and edu-
cation, may explain why alcoholism did not remain asso-
ciated. A study that evaluated the relationship between 

alcohol consumption and the outcome of MDR-TB treat-
ment concluded that this consumption may be an indica-
tor for other behavioral disorders [27], such as illicit drug 
use, which maintained the association with LFU in the 
final model. Another factor that may have influenced this 
result is the lack of a standardized definition of alcohol-
ism in the TB notification forms.

The gender difference was not found to influence the 
DR-TB treatment outcomes assessed in this study, which 
corroborates other studies carried out in Brazil and 
in other BRICS countries [10, 27, 28]. However, stud-
ies about sensitive tuberculosis have already associated 
males with less chances for cure, which could be because 
men seek health services less often and how the health 
services organize their programmatic activities, prioritiz-
ing the maternal and child population [29, 30].

The association between the XDR resistance pattern 
and death was expected [3]. With the launch in 2019 of 
the TB Guidelines in Brazil, the MoH reinforced the need 
for early diagnosis of these cases, recommending consid-
ering failure of the first treatment of tuberculosis to be 
MDR-TB when there is no bacteriological conversion and 
no clinical improvement after eight months of treatment. 
In addition, these Guidelines also standardize the thera-
peutic regimen for XDR-TB, which before publication 
was only performed individually [3].

The final multivariate model associated HIV positivity 
with death. Studies have already found this result [9, 31, 
32], as well as the greater occurrence of adverse effects 
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Table 5 Final model resulting from multinomial logistic regression for factors associated with unfavorable outcomes in new cases of 
drug-resistant pulmonary tuberculosis, Brazil, 2013 and 2014. (980 cases)

Lost to follow-up Failure Death

Adjusted OR (CI95%) p value* Adjusted OR (CI95%) p value* Adjusted OR (CI95%) p value*

Block I

Race/color

White 1.0 1.0 1.0

Brown/Black1 1.1 (0.73–1.58) 0.72 1.1 (0.62–1.90) 0.76 1.7 (1.08–2.77) 0.02

Asian/Indigenous 0.8 (0.08–6.77) 0.80 0.99 0.99

Age group (years)

15–59 1.0 1.0 1.0

60 or more 0.4 (0.18–1.09) 0.08 1.1 (0.44–2.82) 0.81 3.4 (1.90–6.03)  < 0.01

Education (years)

0 to 7 1.8 (1.13–2.66) 0.01 0.9 (0.50–1.59) 0.69 1.9 (1.09–3.19) 0.02

8 or more 1.0 1.0 1.0

Missing 1.8 (0.89–3.62) 0.10 0.6 (0.17–1.90) 0.36 2.8 (1.27–6.02) 0.01

HIV

Positive 1.0 (0.57–1.85) 0.94 1.0 (0.39–2.52) 0.99 2.7 (1.45–4.83)  < 0.01

Negative 1.0 1.0 1.0

Missing 1.2 (0.66–2.02) 0.61 0.8 (0.36–1.97) 0.70 1.5 (0.79–2.76) 0.22

Use of illicit drugs

Yes 2.5 (1.57–3.82)  < 0.01 0.9 (0.41–2.06) 0.84 1.3 (0.73–2.38) 0.37

No/don’t know 1.0 1.0 1.0

Prison population

Yes 1.3 (0.64–2.65) 0.48 0.5 (0.06–3.85) 0.48 0.1 (0.02–1.01) 0.05

No/don’t know 1.0 1.0 1.0

Block II

Bilateral disease

Yes 1.2 (0.89–1.71) 0.43 2.0 (1.09–3.62) 0.03 1.9 (1.20–3.08) 0.01

No 1.0 1.0 1.0

Resistance type

Primary 1.0 1.0 1.0

Acquired 1.4 (0.87–2.17) 0.17 1.3 (0.66–2.50) 0.47 1.8 (1.02–3.31) 0.04

Initial resistance pattern

MDR/RR 1.0 1.0 1.0

XDR 0.7 (0.07–6.25) 0.73 1.5 (0.22–9.69) 0.70 7.3 (1.97–27.09)  < 0.01

Injectable drug treatment

Only used Am 1.0 1.0 1.0

Only used S 0.9 (0.58–1.38) 0.61 1.0 (0.51–1.90) 0.97 0.8 (0.52–1.38) 0.50

Only use Cm 1.4 (0.59–3.24) 0.46 1.7 (0.51–5.55) 0.40 0.8 (0.25–2.61) 0.73

Used more than one inject-
able or did not use

0.9 (0.36–2.13) 0.76 2.8 (1.05–7.69) 0.04 1.5 (0.60–3.61) 0.40

Block III

Resides in different municipality than treatment

Yes 0.7 (0.46–0.99) 0.04 1.7 (0.97–2.92) 0.07 0.8 (0.54–1.31) 0.45

No 1.0 1.0 1.0

Reported unfavorable clinical evaluation

Yes 3.1 (2.02–4.86)  < 0.01 18.0 (10.18–31.90)  < 0.01 3.3 (2.02–5.44)  < 0.01

No 1.0 1.0 1.0

Changed regimen type

Yes 0.6 (0.30–1.07) 0.08 0.7 (0.35–1.57) 0.43 0.4 (0.17–0.76) 0.01
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and drug interactions in these cases [33]. The early diag-
nosis of drug resistance, the appropriate definition of the 
treatment, and the rapid initiation of antiretroviral ther-
apy (ART) two weeks after starting TB treatment, if the 
patient is not already on ART, are recommendations for 
the treatment of co-infected patients [33, 34].

Having reported unfavorable clinical evolution at any 
time during treatment was strongly associated with all 
the unfavorable outcomes studied. This information is 
included in SITE-TB when the physician responsible for 
the follow-up appointments observe a worsening of clini-
cal symptoms, imaging, or laboratory tests. Thus, this 
information can be used by professionals who monitor 
patients with DR-TB as a sign of the clinical evolution of 
a potential unfavorable outcome during treatment.

This study has some limitations in addition to those 
inherent to retrospective observational studies based on 
secondary databases. Few patients had undergone a sen-
sitivity test for second-line drugs, which may have caused 
classification bias of the initial resistance pattern and 
the change in the resistance pattern of the cases during 
the treatment. Another limitation was the way in which 
SITE-TB registers associated diseases and conditions as 
well as adverse reactions, not differentiating missing data 
from the absence of the disease/condition/adverse reac-
tion, generating a possible classification bias and under-
estimating the occurrence of these factors. The variable 
HIV result does not have this limitation; however, for the 
HIV and the education variables, the option “missing” 
among the analysis categories was necessary. In addition, 
there is no standardized definition of smoking and alco-
holism for filling out the notification forms. The SITE-TB 
does not allow exporting the treatment scheme used in 
the case of individualized schemes. Therefore, it was only 
possible to know the drugs used in each case, which was 
included in the analyzes.

The exclusion of 17 records (1.7%), given the type of 
conclusion completed at the time of exporting the data-
base, may have influenced the results. Likewise, 774 
(88.1%) MDR-TB cases and 104 (11.9%) RR-TB cases 
were included as a single category of initial resistance 
pattern and this categorization may also have influenced 
our findings. Finally, the unavailability of the body mass 
index, also predictors of unfavorable outcomes already 
studied [35], could be a limitation.

Conclusions
In the historical cohort of DR-TB case analyses, the fac-
tors associated with unfavorable treatment outcomes 
were different. Some factors were specific to each out-
come, which reflects the complexity of the care provided 
to these individuals.

These results may be used in the development of an 
index to identify the risk of unsuccessful outcomes for 
DR-TB cases, helping services to identify cases with 
a greater chance of unfavorable treatment outcomes. 
Although the WHO recommends short or long-term 
regimens, including bedaquiline and pretomanid, to 
facilitate adherence to MDR-TB treatment, these are 
not yet available in Brazil [3, 36]. The implementation of 
these new technologies may provide benefits to the ther-
apeutic success of DR-TB and modify the results found. 
Implementation of DR-TB diagnosis, with wide access 
to molecular tests to detect antimicrobial resistance 
markers and to first- and second-line sensitivity tests, is 
another factor that could assist in the outcome of cases 
by permitting early diagnosis of anti-TB drug resistance. 
Finally, studies should be conducted that include in the 
analyzes the association between the quality of TB refer-
ence services, the phenotypic diversity of strains in the 
cases, and the outcomes of DR-TB.

Table 5 (continued)

Lost to follow-up Failure Death

Adjusted OR (CI95%) p value* Adjusted OR (CI95%) p value* Adjusted OR (CI95%) p value*

No 1.0 1.0 1.0

Had adverse reaction

No adverse reaction records 1.0 1.0 1.0

Only minor adverse reactions 0.5 (0.25–0.83) 0.01 1.3 (0.66–2.52) 0.45 0.6 (0.33–1.23) 0.18

At least one major adverse 
reaction

0.6 (0.24–1.32) 0.18 0.3 (0.06–1.21) 0.09 0.8 (0.33–1.85) 0.58

IBlack = combines black and brown

OR odds ratio, CI confidence interval, MDR multidrug resistant, RR resistant to rifampicin diagnosed by GeneXpert MTB/RIF® (RR), XDR extensively resistant, Am 
amikacin, S streptomycin, Cm capreomycin

*Significance level = 0.05
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