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Campus Paulo Afonso, Universidade Federal do Vale do São Francisco, Paulo Afonso (BA), Brazil

INTRODUCTION
Tuberculosis (TB), a disease caused by Mycobacterium tuberculosis, primarily affects the lungs 
but can also manifest in extrapulmonary sites.1 In 2019, TB impacted 10 million people world-
wide, resulting in 1.5 million deaths and 85,338 new cases in Brazil. The emergence of corona-
virus disease 2019 (COVID-19) has further complicated TB control, as reflected in Brazil’s 2021 
statistics showing 78,833 new cases and a 16% increase in deaths.2,3

In Brazil, the Northeast region, including the state of Bahia, faces a high TB burden, primar-
ily affecting vulnerable populations in areas with limited healthcare access.4 Notably, the munic-
ipality of Paulo Afonso, situated 480 km from the capital of Bahia, had a TB incidence rate of 
33 cases per 100,000 inhabitants in 2021, surpassing the state average.5 The challenge of disease 
control, particularly given the COVID-19 pandemic, which has exacerbated the TB epidemi-
ological situation, requires a comprehensive plan of action across various fronts. This includes 
increased efforts to screen, diagnose, and treat latent TB infections (LTBI) as an integral com-
ponent of public health interventions.

Approximately one-quarter of the world’s population is infected with M. tuberculosis. In gen-
eral, these individuals remain asymptomatic, and approximately 5–10% develop the active form of 
the disease, with a higher risk of illness within the first 2 years after the initial infection. Although 
individuals with LTBI do not transmit M. tuberculosis, they remain reservoirs of the bacteria, 
which can be reactivated when immune system competence is compromised. Reactivation of 
LTBI is responsible for a large proportion of active TB cases, contributing to the perpetuation 
and maintenance of the disease transmission chain.6,7
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ABSTRACT
BACKGROUND: The diagnosis and treatment of latent tuberculosis infection (LTBI) are crucial for tubercu-
losis (TB) control. Household contacts (HHC) of patients with pulmonary TB are at a high risk of LTBI due to 
their close proximity to source cases.
OBJECTIVE: To describe the diagnosis and treatment of LTBI among HHC. 
DESIGN AND SETTING: This cross-sectional follow-up study was conducted in the municipality of Paulo 
Afonso, northeastern Brazil, between 2013 and 2022.
METHODS: We retrieved secondary data from the medical records of HHC who were followed up at a 
specialized referral center for TB. LTBI prevalence estimates were calculated and are presented with 95% 
confidence intervals (CIs). 
RESULTS: In total, 622 HHC were screened for LTBI, with 620 evaluated using the tuberculin skin test 
(TST). Of these, 40 (6.5%) did not return for TST reading. The overall prevalence of LTBI was 53.1% (95% CI: 
49–57.1%), with a high prevalence among females and individuals aged 25–34 years. The overall LTBI treat-
ment initiation rate was 26.1% (95%CI: 21.5–31.3%), and 64.2% (95%CI: 53.3–73.8%) of HHC who initiated 
treatment completed their course. 
CONCLUSION: This study revealed a high prevalence of LTBI among HHC, particularly among women 
and individuals aged 25–34 years, underscoring the ongoing TB transmission within the community. 
Only 26.1% of the diagnosed HHC initiated treatment, with approximately 64% completing their course. 
This highlights the challenges in managing LTBI and emphasizes the need for targeted screening and 
interventions for high-risk groups. 
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Therefore, diagnosing and treating LTBI are pivotal for reduc-
ing and eliminating TB, particularly within high-risk groups, such 
as people living with HIV (PLHIV); those undergoing immuno-
suppressive therapy, including TNF-α inhibitors; homeless per-
sons; prisoners; illicit-drug users; healthcare workers; immigrants 
from high-TB-burden countries; and household contacts (HHC) 
of patients with pulmonary TB.8 HHC of patients with TB are at 
a higher risk of TB infection and disease due to prolonged and 
close exposure to the source case.9 A recent study noted that con-
tacts accounted for more than 57.2% of LTBI treatment notifica-
tions.10 Sagili et al.11 found that a significant proportion of HHC of 
patients with TB in low- and middle-income countries have LTBI, 
with estimates suggesting that more than 50% of these contacts 
are infected. In a cross-sectional study conducted in Brazil, 48% 
of contacts of patients with pulmonary TB tested positive on the 
tuberculin skin test (TST), thereby meeting the criteria for LTBI 
treatment.12 Furthermore, factors, such as recurrent exposure, 
malnutrition, and a compromised immune system are known 
to influence infection rates among these high-risk populations.13 

Given the significance of infection in the development of active 
disease, and in alignment with the international ‘End TB Strategy’ 
and national elimination goals, Brazil implemented the LTBI online 
surveillance vigilance system in 2018 to record LTBI diagnoses and 
treatment, along with a ‘Protocol for Latent Tuberculosis Infection 
Surveillance’. These initiatives have established ambitious goals and 
actions that have facilitated the expansion of screening coverage, 
diagnostic practices, and the implementation of shortened treat-
ment regimens for LTBI.14,15 Although these changes represent sig-
nificant advances in TB control, the prevalence of LTBI remains 
unknown in most Brazilian regions due to the scarcity of studies. 

OBJECTIVE
To describe the diagnosis and treatment of LTBI among HHC 
who were followed up at a specialized reference center for 
TB in the municipality of Paulo Afonso, northeastern Brazil. 
The  study aimed to generate information that best represents 
the local context, thereby aiding decision-making by managers 
in the control of LTBI and, consequently, avoiding the develop-
ment of active TB.

METHODS

Study design and setting
This was a cross-sectional follow-up study. Initially, a retrospec-
tive cross-sectional analysis was conducted by examining the 
medical records of all HHC who underwent screening between 
2013 and 2022 to determine the prevalence of LTBI. Subsequently, 
HHC diagnosed with LTBI were followed up longitudinally to 
monitor treatment progress according to the prescribed regimen. 

This study was conducted at the ‘Dermatology and Sanitary 
Pneumology Service’ (SEDERPAS), a reference center for TB 
located in the municipality of Paulo Afonso, northeastern Brazil. 
The health unit serves as a referral center for the municipality of 
Paulo Afonso and neighboring regions, providing specialized ser-
vices for comprehensive care in the management of leprosy and 
TB. It also conducts screening, diagnosis, and treatment of LTBI 
and is responsible for administering all skin tests in the region. 

Paulo Afonso is located in the north of the state of Bahia, an 
important region bordering the states of Pernambuco, Alagoas, 
and Sergipe. According to the Brazilian Institute of Geography and 
Statistics (IBGE), the municipality has an estimated population 
of 112,870 inhabitants distributed in an area of 1,545.19 km2. 
According to the Health Department of Bahia, Paulo Afonso boasts 
88% primary healthcare coverage, with a Human Development 
Index of 0.674.16

Study population
The study population comprised HHC of patients with pulmo-
nary TB residing in the Paulo Afonso municipality or nearby 
regions. An HHC was defined as an individual who resided in 
the same dwelling unit or plot of land as the index patient and 
shared the same housekeeping arrangements.17

Selection criteria and follow-up
As part of the routine investigation at the specialized referral 
center, all HHC identified during the TB case investigation were 
invited for a screening visit. LTBI screening was performed using 
the TST, which was conducted by trained staff in accordance 
with the recommendations of the Brazilian Ministry of Health. 
The TST was conducted by intradermal injection (Mantoux 
method) of two tuberculin units of a purified protein deriva-
tive per 0.1  mL. The transverse induration diameter was mea-
sured 48–72 hours later. A TST with a cut-off point ≥ 5 mm was 
considered a positive result in the absence of clinical and radio-
graphic signs of TB.18 Additionally, a chest X-ray was conducted 
to exclude active TB, and the absence of signs and symptoms was 
confirmed among the HHC.

The HHC underwent TST between 2013 and 2022, and their 
treatment followed the therapeutic regimen outlined by the guide-
lines of the Brazilian Ministry of Health.18 All individuals with a 
positive TST result were encouraged to initiate LTBI treatment. 
However, the patient made the final decision on whether to undergo 
treatment. Three treatment regimens were considered in this study: 
i) 6-month daily isoniazid at a dose of 5–10 mg/kg, with a max-
imum of 300 mg and at least 180 doses; ii) 4-month daily rifam-
picin at a dose of 10 mg/kg, with a maximum of 600 mg and at 
least 120 doses; or iii) 3-month weekly rifapentine (900 mg/week) 
plus isoniazid (900 mg/week), with at least 12 doses.18 Individuals 
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undergoing LTBI treatment were asked to return every 30 days for 
refills. HHC who did not return for a follow-up clinical visit or any 
drug supply refills were considered lost to follow-up.

Data collection
All data were extracted from the medical records housed at 
SEDERPAS. To achieve this, variables of interest were collected 
by double data entry to ensure reliability and accuracy in data 
collection. The study included variables such as sex (male or 
female), age group (in years: 0–4; 5–9; 10–14; 15–24; 25–34; 
35–44; 45–54; or 55+), TST results (positive, negative, or did 
not return for TST reading), LTBI treatment regimen (isoniazid, 
rifampicin, or rifapentine + isoniazid), and outcome (completed 
treatment or non-completed treatment). Incomplete or missing 
data were excluded from analyses.

Statistical analysis
For statistical analysis, the data were tabulated in Microsoft Excel 
spreadsheets and analyzed using the statistical software SPSS 
(version 22.0; IBM Corporation, Armonk, United States) and 
GraphPad Prism (version 8.0; GraphPad Software, San Diego, 
United States). Categorical variables are presented as absolute 
values or relative frequencies and were compared using Fisher’s 
exact test or the Chi-square test. The estimated prevalence of 
LTBI, along with the 95% confidence interval (CI), was calcu-
lated, as were the treatment initiation and completion rates. 

Quantitative variables are presented as mean and standard devi-
ation (SD) and were compared using either Student’s t-test or 
Pearson’s correlation coefficient. Differences were considered sta-
tistically significant at P values < 0.05.

Ethical considerations
This study was approved by the Research Ethics Committee 
(CEP) of the University Center of Rio São Francisco (UniRios) 
under opinion no. 4,858,939, in compliance with Resolution no. 
466/2012 of the National Health Council. The requirement for 
informed consent was waived because the present study relied 
solely on secondary data. Authorization was obtained from the 
Municipal Health Department.

RESULTS
A total of 1,677 individuals were included in this study. Among 
these, 622 (37.1%) were HHC of patients with pulmonary TB 
who underwent screening for LTBI. On average, approximately 
62.2 ± 48.1 HHC were investigated per year. Two HHC did not 
undergo TST because they were HIV-positive and neonates. Of the 
620 HHC who underwent TST, only 40 (6.5%) did not return for 
the reading (Figure 1). The demographic profiles of HHC who 
did and did not return for the TST reading were not significantly 
different (age, P = 0.72; sex, P = 0.42, data not shown).

Valid TST results were available for 580 (93.5%) of the 620 
HHC. Using a cut-off of ≥ 5 mm of induration, 308 (53.1%) HHC 

Figure 1. Flowchart illustrating the enrollment, latent tuberculosis infection diagnosis, and treatment of the study population (A). 
The chart shows the percentage of household contacts screened for latent tuberculosis infection, tuberculin skin test assessment, 
treatment initiation, and outcomes (B). Paulo Afonso, Brazil, 2013–2022.

HHC = household contacts; HIV = human immunodeficiency virus; LTBI = latent tuberculosis infection; TST = tuberculin skin test; Tx = treatment.
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had positive TST results. No significant differences in age were 
observed between the negative (26.7 ± 21.7 years) and positive TST 
groups (29.4 ± 20.2 years, P = 0.12), nor in sex distribution (nega-
tive TST, M/F = 112/160; positive TST, M/F = 122/186; P = 0.73). 
Similarly, no correlation was found between the TST results and 
the age of the HHC (r = 0.06, P = 0.14; Figure 2B). 

The overall prevalence of LTBI among the HHC of patients 
with TB was 53.1% (95%CI: 49–57.1%). The prevalence according 
to sex and age group is shown in Figure 2A and Table 1.

Among the 308 HHC with positive TST results, only 79 (25.6%) 
agreed to undergo LTBI treatment. Additionally, two HHC with 
treatment indications did not have TST results available. Thus, 
the overall LTBI treatment initiation rate was 26.1% (81/310; 
95%CI: 21.5–31.3%), while the majority, 73.9% (229/310; 95%CI: 
68.7–78.5%), declined treatment (Figure 1). No significant differ-
ences were found in terms of sex or age between individuals who 
consented to LTBI treatment and those who refused treatment. 
Interestingly, a slight difference was observed in the TST results 
between those who accepted treatment initiation and those who 
declined treatment (Table 2). 

Of the 81 HHC who initiated LTBI treatment, 59 (72.8%) 
received isoniazid monotherapy, seven (8.6%) received a rifampi-
cin-containing regimen, and 15 (18.5%) received a combination of 
rifapentine and isoniazid. At the end of the follow-up period, 52 
(64.2%) patients had completed treatment, and 29 (35.8%) were 
lost to follow-up (Figure 1, Table 3). The overall LTBI treatment 
completion rate was 64.2% (95%CI: 53.3–73.8%). Furthermore, 
no significant differences in sex, age, TST results, or treatment 

regimen were observed between individuals who abandoned or 
completed treatment (P > 0.005; Table 3). 

DISCUSSION
Studies providing knowledge and information about LTBI are 
crucial and necessary to achieve the goals of the WHO’s ‘End TB 
Strategy’ (2016–2035) and the Brazilian National Plan to End 
Tuberculosis proposed by the Brazilian National Ministry of 
Health. Therefore, this study was the first to estimate the preva-
lence of LTBI among HHC in the municipality of Paulo Afonso, 

The solid line represents the overall estimate of LTBI prevalence, and the dotted lines represent the 95% confidence interval by age group of HHC 
(A). The solid blue line depicts the linear correlation curve between the TST result and age of HHC, with a Pearson correlation coefficient of 0.06, 
P = 0.14. The red dotted line corresponds to the TST cutoff (B). HHC = household contacts; LTBI = latent tuberculosis infection; mm = millimeters; 
TST = tuberculin skin test.

Figure 2. Prevalence rates of latent tuberculosis infection among household contacts by age groups and the correlation between 
tuberculin skin test results and the age of household contacts. Paulo Afonso, Brazil, 2013–2022.

Table 1. Prevalence of latent tuberculosis infection among 
household contacts by sex and age groups. Paulo Afonso, 
Brazil, 2013–2022

Characteristics n (%)
LTBI

Prevalence 95%CI
Sex

Male 122 (39.6) 52.1 45.8–58.4%
Female 186 (60.4) 53.8 48.5–58.9%

Age groups*
0–4 years 28 (9.1) 42.4 31.2–54.4%
5–9 years 28 (9.1) 45.2 33.4–57.5%
10–14 years 26 (8.5) 43.3 31.6–55.9%
15–24 years 68 (22.1) 59.1 50.0–67.7%
25–34 years 44 (14.3) 61.1 49.6–71.5%
35–44 years 36 (11.7) 58.1 45.7–69.5%
45–54 years 40 (13.0) 56.3 44.8–67.2%
55+ Years 37 (12.1) 53.6 42.0–64.9%

*Data not available for one household contacts; LTBI = latent 
tuberculosis infection.
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Bahia, Brazil. This research is particularly important for HHC, 
who are at high risk of LTBI and progression to active TB.8,9,19

Our study identified an overall LTBI prevalence of 53.1% among 
HHC using a 5-mm TST cut-off. These results are consistent with 

those of a previous study conducted in Belém (Pará), where 52.3% 
of HHC who underwent TST yielded positive results.20 Conversely, 
other studies on LTBI prevalence in Brazil, conducted by Jones-
López et al.21 and Fernandes et al.,22 reported higher prevalence 
rates of 62.4% and 66.4%, respectively. However, these studies 
used a ≥ 10 mm TST cut-off for their assessments. It is reason-
able to assume that the differences in prevalence may be linked 
to the contagiousness of the index case. Although bacilloscopy 
data of the index case were not available in our study, Acuña-
Villaorduña et al.23 investigated the relationship between HHC 
infection and the number of colony-forming units (CFU) of M. 
tuberculosis cultured in cough-generated aerosols from index TB 
patients in Vitória (Espírito Santo). They found that the frequency 
of TST ≥ 5 mm in contacts increased in a dose-response pattern 
with increasing aerosol CFU: aerosol negative (66%), aerosol low 
(69%), and aerosol high (79%).

In a meta-analysis that included studies from 36 coun-
tries, the overall population prevalence estimates were 24.8% 
(95%CI: 19.7–30%) and 21.2% (95%CI: 17.9–24.4%), based on the 
Interferon-Gamma Release Assay (IGRA) and a 10-mm TST cut-
off, respectively.24 However, according to a systematic review and 
meta-analysis by Sagili et al.,11 the prevalence of LTBI among HHC 
of patients with TB was higher than that in the general population, 
estimated at 41% (95%CI: 33–49%). These findings underscore the 
need to prioritize LTBI screening for HHC, given that its preva-
lence in this group is higher than that in the general population.

The results based on sex and age group showed that the preva-
lence of LTBI is similar between men and women; however, some 
studies suggest that the prevalence may be slightly higher among 
men.25 On the other hand, a trend toward a higher LTBI preva-
lence was evident among individuals aged 25–34 years, regard-
less of sex. This age group includes individuals of reproductive 
and active working age, who are generally at a higher risk of M. 
tuberculosis exposure.26

The cut-off point for measuring skin induration in the TST 
was set at < 5 mm, with indurations of ≥ 5 mm indicative of M. 
tuberculosis infection. This measurement corresponds to the largest 
transverse diameter of the induration perpendicular to the fore-
arm, and its correct reading is crucial because LTBI treatment is 
based on this cutoff point. TST results can be influenced by BCG 
vaccination or non-tuberculous mycobacteria (NTM) in the envi-
ronment.18 However, the lack of BCG vaccination records among 
HHC in the present study hindered a more in-depth analysis. 
Nonetheless, despite the limitations of TST in identifying eligible 
individuals, a positive result likely indicates prior infection with 
M. tuberculosis and is not affected by BCG vaccination or NTM 
infection in endemic regions.27 

Another limitation of the TST is the requirement for a second 
clinic visit after 48–72 hours to read the results. In such cases, a 

Table 3. Latent tuberculosis infection treatment initiation 
among household contacts. Paulo Afonso, Brazil, 2013–2022

Variables

LTBI Treatment, n (%)

P valueComplete 
(n = 52)

non-
completion 

(n = 29)
Sex

Male 19 (36.5) 16 (55.2) 0.16
Female 33 (63.5) 13 (44.8)

Age 
Mean (years) ± SD 29.4 ± 17.0 30.1 ± 20.0 0.87
0–4 years 2 (3.8) 4 (17.4) 0.55
5–9 years 5 (9.6) 2 (8.7)
10–14 years 6 (11.5) 1 (4.3)
15–24 years 9 (17.3) 4 (17.4)
25–34 years 9 (17.3) 2 (8.7)
35–44 years 9 (17.3) 3 (13.0)
45–54 years 9 (17.3) 5 (21.7)
55+ 3 (5.8) 2 (8.7)

TST (mm)
Mean ± SD 14.8 ± 4.3 13.8 ± 4.6 0.32

Treatment regimen
Isoniazid 37 (71.2) 22 (75.9) 0.69
Rifampicin 4 (7.7) 3 (10.3)
Rifapentine + 
isoniazid

11 (21.2) 4 (13.8)

LTBI = latent tuberculosis infection; mm = millimeters; SD = standard 
deviation; TST = tuberculin skin test.

Table 2. Comparison of sex, age, and tuberculin skin test 
results between latent tuberculosis infection treatment 
acceptance and refusal among household contacts. Paulo 
Afonso, Brazil, 2013–2022

Variables
LTBI treatment, n (%)

P value
Yes (n = 81) Refused (n = 229)

Sex
Male 35 (43.2) 88 (38.4)
Female 46 (56.8) 141 (61.6) 0.50

Age*
0–4 years 6 (7.4) 23 (10.1)
5–9 years 7 (8.6) 21 (9.2) 0.76
10–14 years 7 (8.6) 20 (8.8) 0.75
15–24 years 15 (18.5) 53 (23.2) 0.99
25–34 years 12 (14.8) 32 (14.0) 0.59
35–44 years 12 (14.8) 24 (10.5) 0.28
45–54 years 15 (18.5) 25 (11.0) 0.19
55+ 7 (8.6) 30 (13.2) 0.99

TST (mm)
Mean ± SD 14.4 ± 4.4 12.6 ± 4.7 0.003

*Age information was not available for one household contacts 
who declined LTBI treatment; LTBI = latent tuberculosis infection; 
mm = millimeters; SD = standard deviation; TST = tuberculin skin test.
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second test can be performed as soon as possible. According to our 
results, 6.5% of the participants did not return for the TST read-
ing, most likely due to economic barriers, lack of time, non-ad-
herence to the recommendations of health professionals, and poor 
knowledge about the importance of the TST.28 Similarly, Mendes 
et al.20 reported that only 2.3% of patients did not return for TST 
reading. Although a low frequency was observed, this does not 
reflect the reality in the municipalities of the country, in which 
the return rate ranges from 8.4% to 13.3%.27,29–31 These differences 
may be attributed to health professionals adopting a patient-cen-
tered approach and providing sufficient guidance during the test, 
which increases the quality of care.19

In the present study, no significant differences in sex or age 
were observed between individuals with negative and positive TST 
results. These findings are consistent with those of a study conducted 
at the Maruípe Health Unit in Vitória (Espírito Santo), where no 
significant differences were observed in sex and age between TST 
reactors and non-reactors.32 Similar results were also reported by 
Rogerio et al.33 These results suggest that sex and age did not sig-
nificantly influence the TST outcome.

Treatment for LTBI has been recommended in Brazil since 1995 
and is currently included in pillar 1 of LTBI surveillance as a cru-
cial action to achieve its goals. However, most HHC in our study 
did not initiate LTBI treatment (73.9%) despite it being offered free 
of charge by the Brazilian Unified Health System.15 Unfortunately, 
the LTBI treatment initiation rate has been suboptimal in most 
studies, ranging from 33.9% to 87.8%.12,34 

Treatment was successfully completed by 64.2% of the HHC. 
This rate aligns with an estimated pooled rate of 65% (95% CI: 
54–74%) reported in a systematic review and meta-analysis con-
ducted by Sagili et al.11 Nevertheless, studies conducted in Brazil 
indicated a more favorable outcome, with success rates ranging 
from 53% to 83%.12,34 No characteristic was found to be significant 
among those who completed treatment. However, according to 
Araújo et al.,30 a higher prevalence was observed among women.

Sociodemographic factors, including high transportation costs 
and limited social support, may have impacted treatment completion. 
Furthermore, factors such as medication palatability and extended 
treatment duration have been linked to a decreased likelihood of treat-
ment completion.11 Moreover, inadequate health education, exempli-
fied by recurrent communication gaps between healthcare profes-
sionals and individuals with LTBI, may also contribute to this issue.35

Despite the use of isoniazid and rifapentine as alternatives to 
shorten the treatment duration and mitigate the risk of treatment 
abandonment, the present study did not find any significant dif-
ference. This treatment regimen is recommended by the guidelines 
because of its effectiveness and short duration. However, further 
research is necessary to investigate local factors that may influence 
treatment outcomes and adherence among HHC.

This study has two primary limitations. First, the study relied 
on secondary data, which may have limitations in terms of accu-
racy and completeness. However, this study analyzed all reported 
cases of LTBI among HHC in the municipality, which enhanced 
the validity of the results. Second, the study analyzed a limited 
number of variables. Other critical factors that may influence treat-
ment initiation and completion rates, such as socioeconomic status 
and educational level, were not investigated. A more comprehen-
sive exploration of these modifiable factors is essential to develop 
effective interventions aimed at improving treatment uptake and 
adherence in at-risk populations. Additionally, IGRA, a more recent 
technology for diagnosing and assessing the prevalence of LTBI, 
was not employed in this study. This omission occurred because 
the Brazilian Ministry of Health continues to recognize TST as the 
preferred marker of infection in Brazil.

CONCLUSION
This study provides important insights into the prevalence of 
LTBI and treatment uptake among HHC. The observation of an 
increased LTBI prevalence among women aged 25–34 years 
recently exposed to infectious TB in their households under-
scores the need for targeted interventions to address the needs 
of this group. Additionally, the low rates of LTBI treatment ini-
tiation and completion emphasize the urgency of identifying the 
reasons for these barriers and developing effective strategies to 
overcome them. Thus, to achieve TB control in municipalities, 
treating all individuals diagnosed with LTBI is crucial, as this can 
reduce TB transmission and prevent the development of active 
TB in high-risk populations.

Future research should investigate strategies to address bar-
riers to LTBI treatment initiation and completion. Evaluating the 
effectiveness of targeted interventions and their impact on treat-
ment outcomes will be essential for refining TB control strategies 
and enhancing public health efforts.
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